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UNITED STATES LIFE. TABLES AND ACTUARIAL 
TABLES, 1939-1941 

PART I 
INTRODUCTION 

Plan and scope of this volume 
The life tables in this volume are b a r d  on the 1940 

census of population and the deaths of the 3-year period 
1939-1941. Separate life tables have been prepared for 
each sex for each of three racial groups: white, Negro, 
and other races. This is the first time official life tables 
have been prepared for races other than whites and 
Negroes in the United States. Life -tables are also 
included for the total population of each sex, for the 
total population of each racial group without distinction 
by sex, and for the entire population without distinc- 
tion by race or sex. Each of the 12 life tables is based 
on data for the entire continental United States. Also 
included are certain actuarial tables derived from the 
life tables for white wales, white females, and total 
whites, to be used in calculating premiums and values 
for life annuities, life assurances, and other monetafy 
benefits contingent on death or survival. Other sections 
give a brief synopsis of the elementary mathematical 
theory of life contingencies, including those involving 
more than one life; instructions for using the actuarial 
tables, with numerical examples; and a complete ac- 
count of the methods and processes used in constructing 
the life tables. Because of the increasing interest in the 
preparation of life tables on the part of demographers, 
public health workers, and other groups, an effort has 
been made to render this statement of methods and 
processes intelligible to readers having a reasonable 
knowledge of mathematics and statistics, but without 
specific actuarial training. -For this reason, some of the 
explanations will doubtless seem to the actuary un- 

pendix, intended primarily for actuariea, explains the’ 
special pkcesses used in the construction of the actu- 
arial tables, and certain other technical matters. 
Accuracy of the tables 

It is well known that the statistics on which these 
life tables are based are subject to various errors, the 
magnitude of which is, in most cases, diflicult to esti- 
mate with precision. These errors, whether found in 

.statistics of populations, deaths, or births, fal l  into 
two general classes: (1) incompleteness or underenu- 
meration, and (2) incorrect reporting of some of the 
pertinent information, such as age, race, or sex. Very 
little specific information is available as to the extent 

I .necessarily full, and even somewhat tedious. An ap- 

I 

of incompleteness of reporting, except in the case of 
birth statistics.’ How’ever, it  is believed that the un- 
reported cases constitute, in general, a small percentage 
of the totals involved, except in the case of data for 
very young children (including births). In  the latter 
case, a serious attempt has been made to introduce a 
suitable correction in the process of constructing the 
life tables.2 I t  should be mentioned also that when 
death itatistics are related to thh, corresponding popu- 
lation data, as in the computation of rates of mor- 
tality, any incompleteness in the enumeration of the 
population tends to offset whatever deficiency may 
exist in the reporting of deaths. It is believed, there- 
fore, that errors of incomplete reporting are not likely, 
in general, .to be of sufficient magnitude to seriously 
affect the life table valu?!s fo‘r white persons. How- 
ever, there is some indication that in the rural areas of 
the South the reporting of Negro deaths may be appre- 
ciably less complete than the enumeration of Negroes 
in the  ensu us.^ Since 49 percent of the total Negro 
population is found in the rural parts of the South, it is 
possible that mortality rates for Negroes may be some- 
what understated. There is a more serious possibility 
of error in the case of the group of “other races” which 
includes Indians living on reservations, a class which 
presents real difficulty from the standpoint of complete 
reporting and enumeration. 

Among the errors due to incorrect reporting, those 
arising from incorrect statements of age are by far the 
most important class, as regards the construction of 
life tables. These errors in’ age fall into two general 
types: (1) systematic errors, which arise from a pref- 
erence for ages ending with certain digits, such as 0, 5,  
and the even numbers generally, and (2) errors charac- 
teristic of particular ages or periods of life. The sys- 
tematic errors are believed to have been 1argely.elimi- 
nated in the graduation of the data described in part 
V. A typical example of an age error of the second 
type would be that described by Wolfenden4 as “a 
natural inclination-to overstate the age until the attain- 
ment of majority, and then to understate a t  adult ages, 

- 1 

1 see p. 102. ’ see pp. 1ae-108. 
8 U. 8. Burmu of the Censuq, United States Abrldged LiJe Tables, IgSB, Urban and 

4 Wolfenden,Hugh E., Popukrlim Ratislies and Tlieir Compilation (Actuarial .%die#, 
Rural, by Region#. ColorFand Srz, p. 5, June 1043. 

No. 3). p. 27. Actuarisl Society of Americs, NPW York. 1925 
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with some oveistatemcnt in  advanced years.” Errors 
of this sort are not easy to-detcct, especially if the samc 
type of error occurs in both population and death sta- 
tistics. Only in one instance, in which the effect was 
particularly noticeable, has any adjustment bcen made 
for such errors in the construction of the life tables in 
this volume. This point is fully discussed in part V. 

Errors in the reporting of race probably are rclatively 
infrequent, except in the case of persons ,of mixed 
white and Indian blood. Thcre is no general agree- 
ment as to what proportion of Indian blood entitles 
one to be called an Indian, and it is likely that the infor- 
mation furnished on death ccrtificates mny often fail 
to be consistent in this respect with the definition 
adopted in the population census. Any error arising 
from this source could scarcely be of sufficient magni- 
tude to have any appreciable influence on mortality 
rates for the white population, but could easily have a 
disturbing effect on those for “other races.” It is be- 
lieved that any errors in the reporting of s’ex would not 
be sficiently numerous to seriously affect any of-the 
life tables. 

In addition to errors resulting from actual inaccuracies 
in the data, there are errors due to chance fluctuation 
in the numbcr of deaths: that is, what is known as 
sampling error. This is of importance only in fairly 
small classes, in which a small variation in the absolutc 
number of dcaths in a given age group may make a 
considerable difference in the rate of mortality. Tablc 
A, showing the total enumerated population and the 
total‘deaths in thc 3-year period in each of the six sub- 
divisions of the population for which separate life 
tables were prepared, indicates the size of the exposure 
underlying each life table. Sampling errors tend to bc 
largely corrected by the graduation process, in which 
the mortality rates in each age group are adjusted so 
as to bring them into line with those in the neighboring 
age groups. In any case, it is believed that the effect 
of sampling error is negligible in the life tables for whitc 
persons, and of minor importance in thosc for Negroes, 
except at the very old ages. However, i t  may havc 
significantly affected the results for “other racw.” 

If allowance is made for all the possi6le sources of 
error discussed above, thc life tables for whites and 
Negroes are believed to be sufficiently accurate and 
reliable for all ordinary purposcs. However, those for 
“other races” can be regarded only as reasonable 
approximations. For reasons explained in part V, this 
is also true of the life table values for subdivisions of 
the first year of life in all the tables.8 
In connection with the accuracy of the tables, it 

should be clearly understood that the values cannot 
be considered reliable, in most cases, to  anythirig like 
the number of decimal places or significant figures 
shown in the tables. The chief purpose of retaining 

59.448.548 
58,766,322 

8,269,038 
6,596,480 

344,006 
244,861 

3 In connection with tke distribution or “othk races” deaths by snhdivisionsof the 

6 See p. 108. 
flrst year of life, a correction was applied for snnrpling error. See p. 108. 

2,048,620 
1,003,192 

282,4Q4 
246.4W 

13,803 
8.21 I 

TABLE A.-i940 ENUMERATED POPULATIONS, AND TOTAL 
DEATIIS REPORTED IN 1939-1941, BY RACE AND SEX: UNITED . STATES 

RACE AND SEI 

- 
White: 

Ncgro: 

Other races: 

Mnlc _ _ _ _  __. ______________.___._. _ _  _____..__._______. _ _  
Fcmalc _ _ _ _  
Male _.__ -. - - _____________..-___. . _________________. - - - 
Fcmnlc _.__ -. -. _ _ _ _ _  _ _ _  _ _ _ _ _ _  - -. - - - _ _ _ _ _ _  ___._____ -. 

Male.- ._ . - - -. - - - _ _  _ _  - - - - ____. . -. . - - - _ _  - _ _ _  - -. ._ - _ _  
Female _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ __..____________________ 

_ _ _ _ _ _ _ _ _ _ _ _  .__ -. -. - - _ _ _  _ _ _  ____..___ 

additional figures beyond those which can be regnrdqd 
as dependable is to secure a reason-able degree of smooth-. 
ness in the res&. This is always desirable, and in 
many of the uses to which life tables are put excessive 
roughness is a serious inconvenience. A further reason 
exists in the. case of the actuarial tables, because of the 
mathematical relationships which hold between different 
actuarial- functions, such as the values of life annuities 
and assurances. The actuary wishing to make use of 
the tables is inconvenienced if, because of excessive 
rounding, these relationships do not hold with a fair 
degree of precision. 
Comparisons based on the life tables 

Variation by race and sex-The most usual measure 
of the comparative longevity of different populations 
is the average duration of life, also called the expecta- 
tion of life at  birth. This is the average number of 
years lived by the members of a specified cohort, or 
closed group of pcrsons, assumed to be subject through- 
out life to the life table rates of mortality. A compm- * 

ison on this basis is given in table B. This table indi- 
cates that females live, on &e average, longer than 
males, white persons longer than Negroes, and Negroes 
not quite so long as those of “other races.” There is, 
however, some objection to the use of the average dura- 
tion of life as a standard of comparison because the 
method of calculating it gives great weight to the rela- 
tively large number of deaths occurring in the first year 
of life. Thkinfluence may be entirely eliminated hy 
considering instead the average lifetime remaining to 
those members of the cohort who survive to age 1,. 
This comparison is presented in table C, which shows, 
in general, about the same relationships ns table B. 
However, the differences between the corresponding 
values for Negroes and “other races” are slightly 
increased now that thc effect of the high infafit mortal- 
ity among “other races” is no longer reflected in the 
figures. 

* ‘ 
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INTRODUCTION 

I All races __._.__________....____________ 

White ____.____________.._. ~ ._____......_.___ 
Negro _____.____________.._ .~ ._._.____________ 
Other raccs-. __.._________. ~ ._..__.__________ 

TABLE C-AVERAGE FUTURE LlFETlhfE 1N YEARS AT AGE 1, 
BY RACE AND SEX: UNITED STATE?, 1939-1941 

RACE I Bothsexes 11 Male I Femf~le 
-~~~ 

65.76 64.00 67.73 

66.84 64.98 68.93 
57.15 h5.93 58.46 

_-______ ~ - - ~  

.%.90 58. $0 60.14 

Totalotherraces _ _ _ _ _  
Indian ________...__________ 
Chinese ______.._...________ 
Jap8nCS3 _______....________ 
Filipino _____._..._.________ 
Allother _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Another possible standard for comparing the longev- 
ity of different populations is provided by the median 

’ length of life, or ‘(probable lifetime,” which is the age 
at  which exactly half thc originallmembers of the 
cohort have died, and half are still alive. In other 
words, it is the age to which an infant born alive has 
just an even chance of surviving. The va.lues of the 
median length of life (shown in table D) are greater in 
every case than those of the average length of life: the 
difference ranging from 3.81 ‘years in the case of Negro 
females to 8.70 years in the case of females of “other 
races.” The use of the probable lifetime as a measure 
of longevity results in a somewhat more favorable 
showing for “other races,” as compared with Negroes, 
than when the average duration of life was used. In  
fact, the probable lifetime of males of “other races” 
slightly exceeds- that of Negro females. The reverse 
was true of the corresponding average durations of life. 

TABLE D.-MEDIAN LENGTH OF LIFE IN YDARS, BY RACE AND 
SEX: UNITED STATES, 1939-1941 

BACE ’ 1 Bothsexes 11 , Male 1 Female 

588,887 344,006 244,881 100.0 100.0 100.0 

333,969 171,427 162,642 56.7 49.8 66.4 
77,504 57,389 20,115 13.2 16.7 8.2 

126.947 71,967 54,980 21.6 20.9 22.4 
45,563 39,723 5,840 7.7 11.6 2.4 
4,904 3,500 1,404 0.8 1.0 0.B 

-______-- -_________- 

\ 
I II I 

Indian 

35.8 
3.3 
2.8 
5.7 
7.5 
8.6 
8.3 
8.2 

13.0 
16.3 
24.1 
30.1 
48.4 

109.9 

9.6 

Chinese -- 
13.7 
11.0 

1.6 
3.5 
4.7 
5.0 
6.9 
9.5 

17.1 
23.8 
38.3 . 47.7 
80.2 

192.1 

12.8 

TABLE F.-SURVIVORS TO AGE 65 O I ~ T  OF 100,000 LIVE BIRTHS, 
-BY RACE AND SEX: UNITED STATES, 1939-1941 

RACE I Bothsexes 1) Male I Female 

MALE 
0 4  _____________..__ 
5-9 _ _ _ _ _ _ _ _ _  __. _ _ _  
10-14 ._____..._.____ 
15-19 
%24 __________._... 
25-29 ___.... 
3c-34 ____.___.__.__.. 
35-39 _____._---_____ 
40-44 _____..-_ ~ _ _ _ _ _  
45-49 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
50-54--- _.__ _ _ _  - ~ .  
55-59- - - _ _  . - - - ~ __. 
60-64 ____.____ ____. 
65-74- __.___..____.. 
‘75 and over _ _ _ _ _ _ _  - 

- 

In considering the mortality and longevity of the 
group of “other races,” it should be kept in mind that 
this is a heterogeneous class made up of elements 
which differ widely both in the general level of mortality 
and in its incidence by age. The racial composition of 
the group is s h o h  in table G, and age-specific death 
rates for the principal races separately appear in table 
H, together with comparablc figures for whites and 
Negroes. 

TABLE G.-POPULATION OF OTHER RACES,’ BY SPECIFIED RACE 
AND SEX: UNITED STATES, 1940 

PERCEKT R P  RACE POPULATION 
- RICE I ,Total 1) Ma&ZI Total 11 Male IFemai 

13.2 
1.2 
1.1 
1.7 
2.3 . 2.5 
3.1 - 4.2 
fi.1 
9.1 

13.7 
20.7 
30.0 
53.1 

135.0 

32.1 
2.8 
3.0 
6.4 
9.5 
9.1 
8.4 

’ 9.4 
9.6 

11.2 
16.0 
21.9 
28.0 
43.0 

103.7 

1 All except white and Negro 

TABLE H.-DEATH RATES PER 1,000 ENUMERATED POPULATION, 
BY AGE, RACE, AND SEX: UNITED STATES, 1939-1941 

13.7 
1 . 0  
1.5 

-2.8 
3.6 
4.3 
2.5 
4.6 
5.6 
9.8 

15.1 
17.0 
2R 2 
42.5 
93.8 

SEX AND AGE I White 1 Negro - -- 

UACE 

Allraces .__..___________...____________ 

White ___________________.____________________ 
, Negro ___.__-__._._______.__________._________ 

Other races .________._________.______________ 

Both sexes Male Female ~ - -  
92,234 91,392 93,116 

92.951 92,098 93,848 
87.367 66,494 88.2bl 
82,853 82,412 83,302 

-~~ 

10.4 
.9 
.7 

1.2 
1.8 
2.0 
2 4  
3.1 
4.3 
6. 1 
9.0 

13.5 
20.7 

120.8 
40. 8 

22.8 
1. fi 
1.7 
3.7 
6.4 
7.8 
9.7 

11.4 
15.7 
20.8 
29.4 
36.1 
43.8 
54.5 

119.8 

18. 1 
1.3 
1.5 
4.2 
5.8 
6.6 
8.2 
9.9 

14.0 
17.6 
25.7 
32.4 
40.0 
44.9 
86.5 

- 
rapaneso 

12.1 
1.1 
1.3 
1.8 
2.6 
2.9 
4.8 
4.5 

9.4 
11.4 
17.6 
27.4 
45.7. 

110.0 

9.4 
1.0 
.E 

1.5 
1.9 
3.3 
2.5 
3.3 
3.9 
6.7 
7.9 

13.9 
17.3 
37.0 
49.0 

6. n 

Other 

12.7 
11.6 
1 2. 1 
11.4 

4.9 
5. 1 
4.7 
7. 4 

. 7. (i 
12. 9 
19.4 
27. 5 
59.6 
02.2 

103.7 

10; 7 
3.0 

11.4 
1 2.7 
14.5 
12.5 
15.5 
1 4.4 
18.5 
23.2 
45.3 
57. 5 

142.9 
91.7 

1388.9 

1 Rate based on less than IO deaths. 

A more detailed comparison of life table values by 
race and sex is offered by figures 1 to 6, in which are 
plotted graphically the values a t  all ages of the rate 
of‘mortality, the number of survivors out of 100,000 
live births, and the average future lifetime for each of 
the 12 life tables. These graphs bring out certa,in 
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FIGURE l.-ANNWAL RATE OF MORTALITY PER 1,000, FOR EACH RACE BY SEX:*UNITED STATES, 1939-1941 
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FIGURE 2.-ANNUAL RATE OF MORTALITY P E R  1,000, BY RACE AND BY SEX: UNITED STATES, 1939-1941 
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FIGURE 4.-NUMBER 0% SURVIVORS OUT OF 1 0 0 , 0 0 0  'BORN ALIVE, BY RACE AND BY SEX: UNITED STATES, 1939-1941 
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FIGURE 5.-AVERAGE FUTURE LIFETIME, FOR EACH RACE BY SEX: UNITED STATES, 1939-1941 
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FIGURE 6.-AVERAGE FUTURE LIFETIME, BY RACE AND BY SEX: UNITED STATES, 1939-1941 
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10 UNITED STATES LIFE TABLES AND ACTUARIAL. TABLES 

relaJionships which may, at iirst sight,, amppear some- 
what surprising. For csamplc, figure 2 shows that the 
mortality rates for total fcmnles are lower thnn those 
for total whites a t  all ages above 42, notwithstanding 
the fact that Negro females show a much higher mor- 
tality than white malcs during a large part of this age 
interval. This secming inconsistency is due to the 
fact that Ncgro and “other races” females form a 
much smaller group than white malcs, so that com- 
bining thcm with white fcmalcs produces less change 
in the mortality rate of the entire group (as compared 
with that €or white fema.les before the a,cldition) than 
if the white malcs had been added. 

Because mortality rates for females are so consistently 
lower, a,ge by age, than the corresponding rates for 
males, particular interest attaches to the few instances 
in which exceptions to’ this general rule occur. The 
exceptions arc found among Negrocs a t  ages 14 to 19, 
inclusive, and among “other races” a t  ages 12 to 34. 
In the case of Negroes, further analysis by particular 
causes of death shows that the phenomenon is primarily 
due to the effect of higher mortality from tuberculosis 
among females at  younger ages. Deaths from puer- 
peral causes appear to be a negligiblc factor a t  the ages 
in question. I n  the case of “other races,” examina- 
tion of data showing a more detailed racial classification 
makes it clear that the Indians are almost entirely 
responsible for the higher female mortality, as the 
Chinese show heavier mortality for males in all age 
groups and the Japanese show a very slightly higher 
mortality among females in the late twenties only. 
In  1940, Indians constituted 66.4 percent of the total 
female population excluding whites and Negroes, as 
indicated in table G. Here again, an excess of deaths 
from tubcrculosis among females is the chief factor 
involved, but in this case deaths from puerperal causcs 
rxert a significant, although sccondary influence. 

The rates of mortality for“ot1ier races” show a further 
peculiarity in that they decrease with increasing age at  
ages 2 4  to 26 for males a,nd a t  ages 29 to 36 for females. 
Both of the peculiarities mentioned-the higher mor- 
tality of females a t  certain ages, and interruptions in 
the stea.cly increase of the mortdity rate-are usually 
prominent fenturcs of life tables for depressed countrics 
where thc general level of niortiility is high, such as 
British India, Japan, and .Bulgaria, and t,hey are com- 
monly associated with a high tuberculosis death rate, 
combined perhaps with ahighcr mortality frompuerpern.1 
causes. It is curious t,o observe, however, that both 
peculiarities have been consistcntly noted. in the life 
tables of Canada, a relatively prosperous country 
having a level of mortality lower, in general, than that 
of the United States. For example, in the Canadian 
life table for 1930-1932 the mortality rate of females 
exceeds tliat of malcs a t  a.ges 23 to 42, and the mortality 
rate of males decreases with advancing age a t  ages 24 
to 26. Analysis of deaths by cause indicates that the 
higher mortality of Canadian females at  certain ages 

1~1,s beeir prinini~ily diir., n.s. i n  01 hcr coiintries n-here this 
occurs, t’o dcat,hs from tu1)crculosis. Whilc. the over-all 
death rat’e for tiibrrculosis was, in the pcridd under 
consideration, o ~ l y ,  slightly higher in Canada than in 
the United States, the deaths from this ca.use in Canada 
are found to bc more heavily concentrated among 
females and a t  the younger ages. 

Comparison with earlier United Slates life ta,bles.--- 
Table J presents a comparison of vnlucs based on thc 
life tables in this volume with those of earlier Uiiitcd 
States life tables. In  addition, rates of mortality for 
white Inales and white females asc plotkd in figures 7 
and 8 for five life tables corering the period 1900 to 
1941. Ahhough the life tables for periods prior t,o 
1930 do not cover the entire United States, any possible 
geographic variation in the mortality of white persons 
could account for only a small part of the spectaculnr 
improvement which the comparison shows. In  the 40 
years between 1900 and 1940 tlie average dura.tion of 
life increased by more than 14 years for white males and 
more than 16 ycars for white fcmnlcs. The proportion 
of persons surviving to age 65 has increased by onc- 
half, and the rate of infant mortality has declined to 
littlc more tha’n one-third of its value in 1900. Similar 
improvement is shown throughout childhood and young 
adulthood and, to  a lesser degree, in middle age. The 
mortslity rate a t  age 40 has dirninishcd to less than 
ha.lf its formcr value. At older ages the improvement - 
becomes in proportion progressively less, but the recent 
figures are slightly lower even at  the oldest ages shown. 
The improvement is more marlrcd in the case of females, 
and remains substantial in amoilnt to a later age 
than for males. 

I n  the case of Ncgroes, onlythc 1929-1931 and 1939- 
1941 life table valucs are shown, since the life tables 
for Negroes show n‘ considerable geographic variation 
(perhaps due as much to geographic differences in Jhe 
completeness of rcgistration of Negro deaths as to 
actual dflercnces in mortality) which. makes it inad- . 
visable to prcsent any comparisons not involving 

- 

- 
identical areas. However, even in the IO-year period 
between 1930 *and 1940, the improvement is striking, 
tlie average duration of life of Negroes having risen 
during the decade nearly 5 years for males and more 
than 6 years for females. 

Figuie 7 calls attention to one rather curious feature 
which calls for special comment. This is the low level 
of mortality above age 45 in the life table for white 
males in 1919-1921 in the death-registration States of 
1920. From age 52 to 69, the rates of mortality in 
this life table are actually lower than those of the 
1939-1941 table for white malcs in the United States. 
The ycars 1919 to  19i1,  coming immediately after the 
influenza epidemic of 1918, were years of unusually 
lorn mortality, probably because many persons who, 
under ordinary circumstances, would have died in these 
3 years actually died in 1918. These conditions, of 
course, affected both sexes and a much broader range 
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, - I SEX AND A G E  
rate of mortality Der 1.000 ( 1 . 0 ~ ~  

lo0,OOo 
87.674 

, 82,972 
81,519 
80,549 

- 

79,116 
77,047 
74,810 
72,108 
68,848 
65,115 
60,741 
55,622 
48,987 
40,862 
31,527 
21,585 
12,160 
5,145 
1,523 

1M),OOO 
89,774 
85, 349 
83,979 
83,093 
81,750 
79.865 
77,676 
75,200 
72,423 

- 

69,341 
65,629 
61.053 
54, CQO 
47,086 
37,482 
26,568 
15,929 
7, I52 
2.291 

. 

1939-1941 
(U. 6.) 

1929-1931 
. (U. 6.) 

______ 

INTRODUCTION 11 
TABLE J.-LIFE TARLE VALUES F O R  SELECTED SPEClFlC AGE&, BY SEX: DEATH-REGlBTRATJON STATES OF 1'300 AND 1920, AND TI11 

UNITED STATES, AT ~O-YEAR INTERVALS, 1900-1941 
[The abbreviation D. R. 8. stands for death-repistration States] 

' 

I WIIITE 

Number of survivors out of 1W,O0O live births (2.) . . .  

1909-1911 
(D. R. 6. 
of 1800) 

1929-1931 
(U. 6.) 

1919-1921 
(D. R. 6. 
of 1820) 

1906-1911 1900-1802 - 
(D. R. 6. (D.  R. 6. 
0f lW)o)  I of1800) 

18o(t1902 
(D. R. 6. 
Of leao) 

133.45 
34.47 
6.06 
2.74 
3.34 
5.94 
7.04 
7. %Y 
9.32 

10.60 
1263 
15.37 
21.18 

41.66 
58.94 
88.43 

133.53 
i91.76 
262.78 

110.61 
31.15 
5.89 
2.46 
3.39 
5. &! 
6.79 
7.72 
8.39 
9.31 

10.63 
13.37 
18.69 
25.06 
36.41 
53.69 

. 80.3(1 
121.15 
174.60 
245.32 

m. 59 

!919-1921 
,D. R. 6. 
01 1920) 

80.25 
16.19 
3.95 
2.11 
2.91 
4.27 
5.04 
5.73 
6.69 
7. 50 
9.26 

11.74 
16.53 
24.62 
34.99 
-54.63 
81.91 

119. ?a 
182.32 
238.19 

63.92 
14.59 . 3.49 
1.79 
2.49 
4.33 

' 5.52 
6.03 
6.42 
6.76 
8.14 

10.67 
14.63 
21.73 
31.68 
-60.23 
75.97 

113.41 
170.44 
230.61 

' I 1939-1941 
( u. 6.) 
- 

1939-1941 
(U. 8.) 

loo, wu 
95.188 
94,150 
93.601 
93,089 
92, W3 
91,241 
80, 092 
88,713 
88, 
84. 285 
80.521 
75,158 
67,787 
58,305 
46.739 
33,404 
19,860 
9,013 , 2,812 

loo, OM) 
ee, 211 
95,309 
94,880 
94,634 
93.984 
93,2243 
92,320 
91,211 
89,805 
87,920 
85,267 

'81,520 
7 6 . m  
68,701 
6% 363 
44,685 
28,882 
14,487 
5,061 

1929-1931 
(U. 6.) 

62.32 
9.93 
2 6 6  
1.47 
2.13 
3.18 
3.71 

. 4.13 
5.10 
6.79 
9.29 

12.78 
18.19 
26.44 
38.65 
57.96 
85.26 

129.97 
184.68 
245.50 

49.63 
8.79 
2.20 
1.13 
1.64 

' 2.77 
3.39 
3.74 
4.33 
5.32 

, 7.02 
9.59 

13.75 
20.63 
31.25 
48.66 
74.60 

117.42 
170.86 
231.51 

100,000 
Y3,768 
91,738 
90,810 
80,074 

123.26 
28.21 
4.71 
2.38 
2.83 
4. 89 
5.54 

.6.60 
8.52 

10.22 
12.64 
16.53 

* 21.60 
30.75 
43.79 
62.14 
92.53 

135.75 
191.11 
255.17 

102.26 
25.83 
4.47 
2.06 
2.65 
4.20 
5.22 
6.03 
7.13 
8.03 
9.91 

1 2  58 
17.93 
25.83 
37.88 

loo, uou 
91,975 ss, 842 
87,530 
86,546 

48.12 
4.87 
1.38 
1.00 
1.43 
2.12 
2.43 
2.79 
3.83 
5.13 
7.66 

11.66 
17.37 
25.48 
36. 85 
54.54 
83.13 

124.71 
181.04 
248.94 

37.89 
4.32 
1.10 
.70 
.96 

1.45 
1.82 
2.20 
2.78 
3.88 
5.23 
7.62 

11.28 
17.14 
26.43 
42.33 
68.89 

108.19 
162 94 
231.41 

84,897 
83,061 

75,733 
72,696' 
69,107 
64.574 
58,498 
50,663 

29,205 

- 8,154 
2,568 

%E 

40,873 

17.655 

78,345 
74,288 
68,981 

. 61,933 
52,964 
41,880 

17,221 
7,572 

29,471 

2,356 

61,369 
57.274 
52,491 
46,452 
39,245 

21,387 
12,266 

1,523 

30,640 

5,252 

loo, ooo 
88,939 
83,426 
81,723 
80,680 
78,978 
76,588 
73,887 
70,971 
67,935 
64,677 
61,005 
66, 509 
60,752 
43,806 

100,000 
95,037 
93,216 
92,466 
91,894 

loo, OOO 
93.608 
90,721 
89,564 
88,712 
87.281 
85,163 
82,740 
80. 206 
77,624 

44,638 
32,777 
ZO, 492 

. 9.809 
3,372 

I 
I 

NEaRO WUITE 

rlumber of survivors 
out of 100,000 live 
births (1.) 

Average future lifetime 
fin y e w  (B,) 

Annual rate of mor- 
tality per 1,000 (1,OM) 
e 3  

Average future lifetime in years (a,) 
SEX AND d G E  I,,, (U. 6.) 1919-1921 

(D .  R. S. 
-01 1920) 

1909-1911 
(D. R. S. 
of l9oo) 

1929-1931 
(U. S.) 

1900-1902 
(D. R. 8. 
of 1rn) 

48.23 
54.61 
51.43 
50.69 
46.25 
42.19 
38.52 
34.88 
31.29 
27.74 
24.21 
20.76 
17.42 
14..35 
11.51 
9.03 
6.84 
5.10 
3.81 
2.85 

51.08 
56.39 
56.03 
52.15 
47.79 

40.0:5 
36.42 
32.82 
29.17 
25.51 
21. 89 
18.43 
15.23 
1 2  23 
9.59 
7.33 
5.50 
4.10 
3.02 

43. n 

1934-1941 
(U. 6.) 

1920-1931 
(U. 6.) 

59.12 
62.04 
59.38 
54.96 
50.38 
46.02 
41.78 
37.54 
33.33 
29.32 

21.51 
17.97 
14.72 
11.77 

.7.02 
5.26 
3.89 
3.03 

62.67 
64.93 
62.17 
57.65 
53.00 
48.52 
44.25 

' 39.89 
35.73 
31.52 
27.39 
23.41 
19.60 
16.05 
12.81 
9.98 
7.56 
5.63 
4.24 
3.17 

m. 28 

9. 20 

1929-1931 
(U. 8.) 

87.32 
16.57 
2 9 5  
2.11 
4.33 

1939-1941' 
(U. 6.) / 

GP 81 
64.98 
61.68 
57.03 
52.33 
47.76 
43.28 
38.80 
34.36 
30.03 
25.87 
21.06 
18.34 
15.05 
12.07 
9.42 
7.17 
5.38 
4.02 
3.06 

67.B 
68.93 
65.57 
60.85 
66.07 
51.38 
46.78 
42.21 

33.25 

24.72 
20.73 
17. W 
13. Mi 
10.60 
7.92 
5.88 
4.34 
3.24 

37.711 

m. QO 

56.34 
. 60.24 

68.31 
54.15 
49.74 

50. P 
50.26 

- 55.37 
51.32 
46.91 

100, wu 
91.268 
@, 412 
87.311 
86,152 
83.621 
79,516 
75.083 
70,049 
64,710 
58,432 
51,748 
44,436 
36.780 
29,314 
21,741 
14,419 
8.239 
3.660 
1,246 

loo. OOO 
92.796 
80,185 
89.201 wm 

' 85,078 
81,067 
76,816 
72.192 
67,271 
61,365 
64.820 
47,074 
38,761 
30,852 
23,341 
16.576 
10,822 
6.033 

I 

2,774 

52.26 
55.93 
52.95 
48.34 
43.74 
39.52 
35.72 
32.05 
28.48 
25.06 
21.88 . 19.06 
16.60 
14.37 
12.21 

47.55 
51.08 
48.69 
44.27 
39.83 
35.95 
32.87 
29.45 
26.39 
23.36 
20.59 
17.92 
15.46 
13.15 
10.87 
8.78 
6.99 
5.42 
4.30 
3.42 

49.51 
52.33 
49.81 
45.33 
40.87 
37.22 
33.93 
30.67 
27.47 
24.30 
21.39 
18.60 
16.27 
14.22 
12.24 
10.38 
8.62 
6.90 
5.48 
4. 20 

8 2  28 
9.37 
1.86 
1.38 
2.74 

100,000 
91,772 
90,082. 
89,393 
88,610 
86,968 
84,227 
80,979 
77,221 
72,750 
67,346 
60,495 
52,426 
43,833 
35,371 

45.60 
41.61) 
37.65 
33.74 
29.86 
26.00 
22.22 
18.59 
15.25 
12.21 

4 2  71 
.38.79 
34.87 
31.08 
27.43 
23.86 
20.39 
17.03 
13.98 
11.25 

5.44 
7.33 
8.72 

10.71 
13.62 
18.59 
25.36 
3248 
39.10 
46.85 

8.58 
10.96 
12.75 
14.84 
18.13 
22.40 
27.50 
33.92 
41.40 
60.72 

9.51 
7.30 
5.47 
4.06 
3.18 

8.83 
6.75 

- 5.09 
3.88 
2.99 

57.99 
78.03 

107.30 
137.83 
174.17 

10.11 
' 8.17 

6.58 
5.34 
4.23 

27,236 
19,456 
12,186 
6,444 
2,836 

100,ooo 
93,416 
91,906 
91,308 
90,594 
88,736 
86,198 
83,384 
80,092 
76,084 
71,157 
64.885 
57,314 
48,928 
40,504 
32,354 
24,502 
17,039 
10,622 
5,652 

53.53 
61.51 
59.43 
55.17 
50.67 
46.46 
42.55 
38.72 
34.86 . 30.94 
26.98 
23.12 
19.40 
15.93 
12.75 
9.94 
7.62 
5.70 
4.24 
3.16 

15.84 
7,96 
1.75 
1.04 
3.07 

72.04 
14.37 
2.84 
1.61 
5.12 
8.82 

10.34 
11.59 
13.22 
16.25 

26.65 
34.99 
42.20 
49.35 
61.74 
73.41 
97.84 

128.34 
172.03 

20. 18 

55.58 
58.46 
55.40 
50.75 

'46.13 
42.04 
38.20 
34.40 
30.71 
27.19 
23. 89 
20.95 
18.38 
16.10 
13.93 

44.88 
40.88 
36.96 
33.09 
29.26 

5.32 
6.27 
7.33 
9.24 

11.81 
16.02 
21.07 

34.72 
40.90 
49.12 
62.94 
81. 27 

105.29 
- 141.32 

m. 58 

9.38 
7.20 
5.35 
4.06 
3.00 

11.82 
9.81 
8.02 
6.41 
4.96 
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FIGURE ?'.-ANNUAL RATE OF MORTALITY PER 1,000 FOR WHITE MALES: DEATH-REGISTRATION STATES OF 1900 
AND 1920, AND THE UNITED STATES, AT 1o-YEAR INTERVALS, 1900-1941 
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14 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 

of ages than that indicated above. However, among 
males at younger ages and among females a t  most ages, 
there has been a steady improverncnt in mortality 
since 1921, so that the low mark set in the post-cpi- 
demic years has since been surpassed. However, in 
the case of males above age 55 there has bcen only a 
slight decline in the mortality rate during the last 20 
years, so'that the low level of 1919-1921 has not yet 
been equaled. 

Comparison with recent lye tables f o r  other*countries.- 
I n  tables I(, L, and M, life table vglues for the United 
States in 1929-1931 and 1939-1941 are compared with 
the corresponding values for a number of other countrics. 
,The selection of these countries has been influenced, 
to a considerable extent, by the ava.ilability of reliable 
life tables covering recent periods. (Only those for 
periods ending in or after 1930 have been used.) It is 
natural,. therefore, that the majority of the countries 
selected are European. Figures 9 and 10 exhibit 
graphically the' number of survivors t,o successive ages 
for white males a.nd white females in the United States 
in 1929-1931. and 1939-1941, in comparison with sim- 
ilar curves for England and Wales, British India, Italy; 
Japa.n, Mexico, and New Zealand. These six countrics 
wcre selected mainly in order to secure a wide range in 
the general levels of mortality represented. New 
Zealand and British India, in particular; have long been 
rcgarded as representing, rcspectively, the lowest and 
the highest general level of mortality among those 
countries for which reliable life tables are available. 
Values for the United States death-registration Statcs 
of 1900 in 1900-1902 have also been plotted, so that the 
amount of improvement over the 40-year period can be 
compared with the variation in present conditions as 
between different parts of the world. These charts 
show that survival rates in Mexico and British India 
were still in 1930 far below the level which characterized 
the.United States in 1900, and those of Japan had not 

The English life tablcs of 
1930-1932 exhibit lower survival rates up to about age 
45 than the Unitcd Statcs-tables covcring approximatcly 
the same pcriod. However, at  subscqucnt ages the 
cumulative cffcct of the lowcr adult mortality of Eng- 
land and Walcs (which began at age 20) results in a 
larger number of survivors thnn in t,hc United St'atcs. 

~ 

' 

-quite reached that' level. 

Ten ycars later, in 1939-1941, the Unitcd States had 
not attained the low mortality found in New Zealand 
a.bout 4 years ca,rlicr. This indicates the possibility of 
still further improvement; and the 1934-1938 life tablc 
for New Zealand is by no means to be regarded as re- 
flccting the ultimate low lcvcl of mortality which is 
never to be sikpassed. 

All the values cmployed in the preparation of tables 
K, L, and M and figures 9 and 10 have been obtained 
from official government life tables except those for 
Austria and Mcxico and somc of thc values for Canada. 
Thc Austrian life table was publislicd by an association 
of insurance companies, while the Mexican table ap- 
penrcd in a signed article in a journal published by the 
Department of Public Health. The official Canadian 
life table commences not at  birth but at  age 5, so that 
the numbers of survivors in the life ta.ble cohort are not 
comparable with similar figures for other countries. 
Accordingly, all these values, as well as the values of 
tlie riite of mortality and the average future lifetime at  
agcs 0 and 1, havc bccn taken from an unofficial life 
table8 covering the same pcriod of years. For four 
countrics,' it was not possible to secure the original 
publications, and the figures wcre obtained from second- 
ary sources. In  the case of Dcnmark and Swcden, the 
available sources were official yearbooks, while the 
figures for Aust'ria and Czechoslovakia were obtained 
from a Gcrman Govcriment publication. 

The Mexican life ta,ble was not graduated, and the 
ratcs of mortality wcrc gencrally overstatcd at  the agcs . 
which arc multiples of 5 (thcsc bcing the a,ges for which 
valucs are shown in tablc I<), bccause of a dccidcd 
prefercnce for such ages in the reporting of ages a t  
dentli. For this reason, it would havc been unfair to 

comparison. Accordingly, t,he values shown in table IC 
have been corrccted for this'error.g 

! 

. 

1 

hlcxico to use the published mortality rates in the 'i 

6 Scc list or sources of foreign life table vnliics on p. 20. 
0 Thc correction wns made by referring to a graduated life table for Mexiro, that of 

J. R,  SolBrzano RS adjusted by Qiorgio Mortara (published in Estadislira, Journal ol 
thc Intcr American Siatist,ical Institute, ro l .  11, No. 5, lip. 78-80, March 1044). For 
each RBCZ (except ages 0, 1, 5, and 10) lor which the mortality rate is shoGn in table 
K, a corrcctcd value of the nuniher of draths a t  age z in fhc life tablc cohort was 
obtaiiir~d by accepting as correct the total nuinbcr of deaths a t  ages z to z+4, and 
nssurning the numhcr of dcaths a t  ace z to bo the same fraction of the total dcaths n t  
ages z to 2f4 as in the Sol6rzano-Mortars table. The  latt.cr table is lor both 80x08 
cornhini~I and covers thc pcritrd 102lc1933. 

I I 

\ 
\ 



70 .___ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  _ _  
75 ..______ ~ _ _ _ _  ______________._ _ _ _  
85 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
90 . _ _ _ ~ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ I  

so... _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _  _ _ _ _ _  _ _ _ _  _ _  
38.02 
62.29 

1m.37 
233.91 

101.06 

I .  . _  
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TABLE K.-ANNPAI,  RATE OF h'IORTA1,ll'Y P E R  1,000, FROM RECENT LIFE TABLES FOR SELECTED COUNTRIES, BY SEX FOR SELECTED 
SPECIFIC AGES 

I -- and England Walcs 

1930-1932 
Italy, 

1930-1932 
czccho-. 

slovakin, 
1929-1932 

British 
India, 

1921-1930 

248 7 
91 8 
19.3 
7 9  
9.8 
12.7 
15. 3 
19. 3 
24 1 
29.4 
34.9 
41.0 
48.1 
57. 9 
72.7 
97. 6 
142.7 
21s. 0 
360.8 
577.0 

232.3 
86 5 
16.5 
8. 1 
11.5 
17.6 
21.6 
25. 1 
29.3 
34.5 
39 0 
43. 1 
47.5 
54.3 
66.6 
88.8 
130.1 
208.6 
347 6 
566.7 

Srotland, 
1930-1932 

-- 

93.46 
22.31 
3.36 
1.80 
1.98 
3.26 
3. 52 
3.83 
5.04 
6.7f 
8.9f 
11.51 
16.5E 
25. IE 
39.8s 
62.96 
98.97 
150. BE 
211.54 
293.88 

73.04 
20.6: 
3. If 
1. 52 
2. I€ 
2.93 
3. 32 
3. Si 
4.64 
5.51 
7. Of 
9.4: 
13. 5E 
20.21 
30.E 
48.6f 
79.71 
125.8: 
190.6: 
265.0( 

Germany, 
1932-1934 
-- 

85 35 
9. 26 
2.32 
1. 33 
1.57 
2.83 
2.97 
3.24 
3.94 
4.82 
6.P.  
9. 19 
14.18 
21.72 
34.04 
54.01 
87.40 
136.68 
207.69 
287.73 

68.39 
8.23 
2. 15 
1. 14 

s 1.30 
2.27 
2.70 
3.01 
3.48 
4.22 
5.46 
7. 91 
11.53 
17.46 
28.53 
47.61 
80.33 
126.51 
193.66 
273.64 

France, 
1928-1933 

90.18 
16.90 
2.85 
1.63 
2.49 
5 18 
5 23 
5. R8 
7.07 
8. 90 
11.64 
15.33 
20.71 
29.18 
42.33 
64.28 
101.60 
152.56 
234.42 

, 303.40 

' 71.62 
15.13 
2.'79 
1. 60 
3.04 
4.82 
5.00 
4.78 
5. 14 
6. OS 
7.50 
9.77 
13.38 
19.26 
29.86 
48.13 
78.75 
127.93 

284.63 
mo. 02 

Denmark 
1931-1935 

Cnnnda, 
1930- 1932 
-- 

99.97 
12. s2 
2.62 
1. GO 
2.07 
3.08 
3.40 
3.41 
3.98 
4. 9: 
,630 
9.03 
13.29 
19.38 
20.75 
40.34 
74.03 
115.27 
171. 67 
247.11 

83.58 
13.79 
2. 32 
1 40 
1. 95 
2. 95 
3.67 
3.98 
4.48 
5. 12 
6. 15 
8.04 
11.62 
17.14 
26.03 
40.57 
67.35 
1Oi. 69 
160.86 
228.60 

Sweden, 
1931-1935 

.- 

54.86 
7.65 
1. 60 

- 1.33 
1.87 
3.90 
3.55 
3. 66 
4. 07 
4.55 
6.43 
8.46 
11.87 
17. 68 . 27.65 
44.89 
70.13 
11G. 63 
186.33 
286.31 

41.82 
6.74 
1. 54 
1. 18 
2. 04 
3.37 
3.47 
3. 34 
3.87 
4. 14 
5. 60 
7.41 
10.23 
15.48 

39.14 
66.92 
107.85 
173.6f 
260.74 

24.30 

Australia, 
1932-1934 S E X  AND AGE . 

- 
Austria, 
1930-1933 

115.40 
14.00 
3.41 
1. 86 
2.03 
3.74 
4.26 
4.36 
5 62 
7.03 
9.51 
12 99 
18.93 
26.72 
40.77 
60.33 
95.5G 
147.73 
222.52 
312.73 

92.43 
13.07 
3. 43 

' 1.75 
1.94 
3.26 
3 62 
3.96 
4.42 
5. 14 
7.06 
9.40 
13.15 
19.91 
32.39 
51.22 
85.97 
131 56 

279.42 
m2.12 

Mexico, 
1930 

223.69 
105.89 
16.86 
6.47 
5.60 
10.00 
10.96 
12.17 
13.72 
16.14 
18.97 
22.32 
27.16 
36.64 
46. 14 
71.91 
91.69 
138.53 
185.59 
218.64 

196.75 
108.70 
17.12 
6.46 
5.24 
9.24 
10.12 
11.34 

13. OF 
15.28 
19.72 
24.27 
37.49 
50.20 
79.05 
97.00 
144.72 
194.25 
256.61 

12.40 

Belgium, 
1928-1932 

100.75 
17.11 
3. 12 
1.54 
2.30 
4.34 
3. 98 
4.44 
5.19 
6.40 
8.35 
11.51 
16. 59 
24.77 
37.87 
58.71 
91.52 
142.20 
218.41 
327.51 

78.55 
14.78 
2 68 
1.50 
2 40 
3.79 
3.81 
4.06 
4.48 
5.22 
6.49 
8 69 
12.42 
18.81 
20.69 
48.12 
78.97 
129 67 
210.38 
332.04 

New Zea- 
land, 

1934-1938 

---- 

36.53 
4.71 
1. 72 
1. 00 
1.47 
2. 18 
2. 34 
2.32 
3.03 
4.41 
5.84 
8.43 
12.56 
19.51 
30.17 
47.89 
75.60 
120.01 
183.86 
263.84 

h. 70 
4.25 
1.40 
.80 
.97 
1.62 
2. 10 
2.44 
2.73 
3. 58 
4.94 
6.69 
9.62 
14.86 
23.94 
39.33 
64.55 
107.95 
160.60 
234.75 

115.32 
38.97 
3.65 
1.99 
2.38 
4. 14 
4. 27 
4.66 
5.30 
6. 36 
7.94 
10.63 
14.68 
21.92 

53.23 
87.79 
137.99 
206.64 
290.32 

. 33.19 

102.25 
39.05 - 3.66 
1.79 
2.64 
3.88 
4.46 
4.39 
4.81 
6.43 
6.20 

11.36 
17.47 
28.40 
46.53 
79.61 
127.02 
191.19 
267.86 

R. m 

45.43 
7.75 
1.84 
1.19 
1.49 
2. 19 
2.49 
2. 71 
3. 4G 
4. 60 
6.59 
9.06 
14.93 
22.16 
33.11 
50.82 
78.08 
120. 59 
16% 64 
249.86 

36.42 
6.45 
1.58 
.87 
1.13 
1.83 
2.43 
2.79 
3.41 
4.02 
5. 23 
7. 44 
10.19 
14.66 
23 65 

81.47 
9 01 
1. 34 
1. 13 
1.47 
2.56 
2. GO 
2. G8 
3.24 
4.01 
5.84 
8.32 
12 44 
18.66 
30.97 
48 25 
78.37 
121.81 
189.55 
281.52 

71.86 
15.30 
3.43 
1.46 
1. 97 
3. 16 
3. 30 
3. 40 
4.21 
5 62 
7. 99 
11 28 
16.14 
24.15 
37.91 
60.35 
95.19 
145.00 
210 48 
286.14 

148.61 
19.3: 
3. 8C 
1.9G 
2.3E 
4.29 
4.5: 
4.64 
5.52 
7.07 
9.23 
12.85 
17.97 
25.79 
38.90 
59 74 
93.93 
1'13. 87 
212.11 
289.36 

124.57 
18.57 
3.76 
2. 10 
2.50 
3.85 
4. 37 
4.48 
5.02 
5.69 
6.89 
9.50 
13.49 
20.51 
33.08 
M. 30 
84.42 
131.28 
192.59 
263.29 

Switzer- 
land, 

1933-1937 

.-- 

'52.4: 
7. i i  
2.1: 
1.23 
1.73 
3.2f 
3.47 
3.43 
4.3: 
5.5( 
7.M 

17.4; 
26.11 
39.4f 
59.31 
93. 1( 
144.8 
210.9( 
288.0( 

. 40.R: 
6. 3! 
1.8: 
1.0: 
1.41 
2. 51 
3. Ot 
3. It 
3.41 
4. 1' 
5.4s 
7. E! 
11.61 
18.0' 
29.71 
48.71 
79.4: 
126.31 
193 71 
2681.01 

' 11.6 

54.55 
13.45 
2.98 
1.34 
1.91 
2.68 
2.98 
3.19 
3.64 
4.40 

63 08 
7. 8 

.78 
1.23 
2.24 
2.78 
3.05 
3.56 
4.56 
5.74 
7.82 
11.82 
17.59 
27.70 

75.87 
119.78 
187 34 
255.64 

1. i2 

, 44.22 

5.84 
8. 16 
11.74 
17.70 
27. 55 
44.51 
74. 14 
118.58 
179.42 
250.61 

JNlON OF SOUTH AFRICA UNITED STATE8 

Japan, 
1926-1930 YEX AND AGE 

-- 
Whites, 
1939-1941 

48.12 
4.87 
1.38 
1. 00 
1.43 
2.12 
2.43 
2.79 
3.63 
5.13 
7.66 
11.55 
17.37 
25.48 
36.85 
54.54 
83.13 
124.71 
181.04 
248.84 

a7.89 
4.32 
1. 10 . io 
.96 
1.45 
1.82 
2.20 
2.78 
3.68 
5.23 
7.62 
11.28 
17.14 
26.43 
42r33 
68.89 
108.19 
162.94 
231.41 

Neerces, 
1939-1941 _- 

Whites, 
1929-1931 

62.32 
9.93 
2.68 
1.47 
2.13 

lonwliites 
19361937 

Whites, 
1935-,l937 

. 140.1( 
43. li 
6.44 
2.63 
5.0: 
9.8: 
8.61 
7.3s 
7.7( 
9. M 
12.65 
17.5C 
24.9E 
36.71 
54.N 
80.31 
117.53 
170.2( 
243. 2( 
341.41 

124. 14 
42.1( 
7. os 
3.0( 
7.3: 
10.55 
9.64 
8.94 
9. 2f 
10.0: 
10. li 
12.6: 
16.8f 
24. 1f 
37. Of 
57.67 
88.9: 
138.54 
213.7: 
322.6s 

82. m 
9.37 
1.86 
1.38 
2.71 
5. 44 
7.33 
8.72 
10.71 
13.62 

66.41 
14.64 
2.38 
1. 54 
1.86 
3.46 
3.50 
3. 52 
4.72 
6.00 
9.30 
13.08 
18. 04 
25.56 
37.29 
53.87 
84.88 . 120.95 
192.20 
300.71 

183.65 
70.78 
7. 16 
3.64 
5.41 
R. 39 
9. 36 
IO. 43 
12.70 
15.34 
17.88 
21.36 
25.14 
35.76 
46.30 
60.30 
79.55 
114.10 
175.88 
276.70 

163.00 
70.62 
7.71 
4.07 
6.90 
10.50 
12.13 
11.98 
12.59 
14.80 
14.12 
18.62 
22.35 
32.16 
40.54 
55.37 
.70. 51 
99.20 
153.4s 
243.8e 

3. 18 
3. 71 
4.13 
5. 10 
6.79 
9.29 
12.78 
18.19 
26.44 
38.65 
57.96 
85.26 
129.97 
184.68 
245.50 

49.63 
8.79 
2.20 
1. 13 
1.64 
2.77 
3.39 
3.74 
4.33 
5.32 
7.02 
9.59 
13.75 
20.63 
31.25 
48.66 
74.60 
117.42 
170.86 
231.51 

57.99 
78.03 
107.30 
137.83 
174.17 

05.84 
7.96 
1.76 
1.04 
3.07 
5.32 
6.27 
7.33 
8. 24 
11.81 

53.48 
14.02 
2.19 
1.47 
1.43 
2.33 
2. 87 
3. 17 
4. 18 
4.98 

/ 6.71 
9.24 
12.49 
17.98 
28.52 

16.02 ' 
21.87 
28.58 
34.72 
40.90 
49.12 
62.94 

105.29 
141.32 

81.27' 

- 
\ 
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16,707 
6,813 

29: 299 

1,732 

34,323 , 
20,517 
9,017 
2,579 
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TABLE L.-NUMBER OF SURVIVORS OUT OF 100,000 LIVE BIRTHS, FROM RECENT LIFE TABLES FOR SELECTED COUNTRIES, BY SEX 
FOR SELECTED SPECIFIC AGES 

-- -- 
Anstrla, 
1930-1933 

- - 
qritlsh 
India, 
121-1930 

h c h o -  
ovakia. 
129-1932 

Denmark, 
1931-1935 

>errnany, 
1932-1934 

Australla, 
8EX AND AQE - I  1932-1934 

England 
nd Wales, 
1930-1932 

'rance, 
128-1933 

Italy, 
1930-1932 . :anads, 

030-1932 
-- 

100 000 

87,681 
86,931 
86,253 
A5,144 
83,713 
82 308 
80: 899 
79,212 
77 071 
74' 229 

64,772 
57,564 
47,662 
35,125 
21,512 
9 885 
2: 833 

loo 000 
91' 642 
89: 017 
88,220 
87,580 
86 564 
8s: 154 
83,542 
81,840 

77,750 
75, 127 
71 685 
06: 840 
60,304 
51 362 
39' 697 
25: 748 
12 885 
4: 256 

90: 003 

7 6  221 

79,919 

Fuedrn, 
1931-1935 

--A 

100, ooc 
94 514 

92,324 
91, GG( 
FO,4X 
E8 84( 
87: 271 
E5,71t 
83,631 
81,80: 
78,951 
25, 17( 

62,97! 
53,071 
40,341 
25, .L3l 
I1 941 

93: m: 

,n,o+ 

3: 47' 

100,001 
95 811 
94: 50. 
93,89 
93,26 
92,06 
00,49 
88,94 
F7,40 
85,71 
83,70 
81 10 
77: 70 
73,ll 
C6,64 
57,32 
44,53 
2P 92 
14: 09 
4,37 

100, OOO 
88,460 
85,933 
84,732 
84,039 

100, OM) 
91,853 
80 322 
89' 750 
89: 280 

100, 000 
91,465 
89 054 
88: 793 
88,244 

loo, ow 
88,488 
82 846 
81: 738 
80,930 

100 000 
85: 131 
81,934 
80,706 
79,965 
78,662 
76,897 
75,203 
73,360 
71,158 

64,877 
60,217 

46,418 
36,005 
25, 148 
13,847 
5,444 
1,350 

68,4oo 

54,227 

100, 000 
87,543 
84 400 
83: 120 
82,310 
81,031 
79,383 
77,669 
75,873 
73,886 
71,868 
68,907 
65,214 
60,174 
53,023 
43,050 
30,071 
17,947 
7,721 
2,225 

Fwiticr- 
Iaiid, 

1833-1937 

--- 
100,001 
94,754 
93,ll' 
92,31, 
91,72 
90, 62 
89,08 
87,58 
85,94 
83,93 
81,29 
77,01 
72,39 
65,21 
55,71 
43,81 
30,25 
16,66 
6,54 
1884 

Ioo,OO 
95,91 
94,51 
93,8i 
93,30 
92,41 
91, os 
89, 7C 
88,25 
86,64 
84,6L 
82,0( 
78,2f 
72,9( 
65,21 
54, Of 
39,7( 

10,4( 
2,94 

23,81 

100, 000 
92,814 
80,069 
89 023 
88: 360 
87,245 
85,824 
84,416 
82.885 
80,935 
78,357 
74,794 
70,041 
63,020 
64,899 
43.361 
29,665 
16,199 
6,377 
I, 609 

loo, OOO 
94,545 
92,024 
91,082 
90, 420 
89,383 
88, 133 
86,792 
85,353 
83,680 
81.060 
78,958 
75,2Qc 
70,204 
63,040 
53,144 
40,040 
24,88Q 
11,594 
3,611 

100, 000 
90,982 
88.164 
87,200 
86,447 
84,900 
82,091 
80,470 
77,963 
74,988 
71,348 
08,801 
01,291 
64,391 
45,800 
35,436 
23 768 
12' 490 
4: 527 

905 

100 000 
92: 838 
90 205 
89: 245 
88,410 
80,727 
84,585 
82,645 
80,503 
78,381 
75,851 
72,728 
68,809 
83,687 
50,747 
47,194 
34,821 
20,902 
9,088 
2,430 - 

]no, no0 
75,126 
00,161 
56,467 
54.112 
51,203 
47,787 
43,931 
39 461 
34: 563 
29,439 
24,348 
19,476 
14.933 
10,773 
7 036 
3:848 
1,514 

316 
17 

100, ow 
76,766 
02,817 
69,309 
56,757 

' 52,833 
47,932 
42,675 
37,286 
31,778 
26,408 
21,464 
17,065 
13,210 
9,761 
0,627 
3,841 
1,631 

367 
22 

kotland 
IG30-193d 

I-. 

100, 001 
90, 6 b  
87,031 
85,68! 
85,16: 
84,061 
P2,64 
81 161 
79: 461 

e 77,211 
74,331 
70,691 
li6,IG. 
G9,87' 
51,32 
40,03 
26,96( 
14,34 
5,46 
I ,  36 

loo, 00 
92,69 
E9 24 

> 88: 21 
87,& 
86,38 
85,05 
83,56 
!l,8l 
i9,80 
17,41 
l4,38 
io, 41 
64,95 
67,55 
47,78 
35,05 
21,OE 
9,33 
2,68 

too, ooo 
95,457 
93,887 
93,193 
92,008 
91,797 
Bo, 711 
89,566 
88,248 
80,639 
84,270 
81,081 
76,504 
09,950 
01,292 
50,080 
30,688 

3% 
2: 935 

100, ooo 
96,368 
04,883 
94,424 
93,991 
93, a41 
92 384 
91' 174 
89: 823 
88,175 
80,250 
83,680 
80,172 
75,'505 
09,089 
59,628 
46,977 
31,639 
16,425 
5,808 

loo, OOO 
89 925 
87: 084 
86,090 
85,395 
84 077 
82' 378 

78 797 
76: 604 
73 920 

59) 699 
51: 390 
40 724 
28: 224 

6 181 
1: 374 

. loo wo 
92' 145 
88' 610 
88: 690 
87,900 
86,035 
84 991 
83: 347 
81,600 
79,684 
77,445 
74 607 
71'001 
06) 933 
58: 780 
48 857 
30' 002 
21: 570 
9,055 

so: 682 

70' 477 
sb 896 

15,345 

2,083 

Vew Zea 
land, 

19341936 

-- 
100 001 
96: 34 
95,21 
94,571 
94,06 
93 21 
92: 151 
91,08 
89,95 
8436 

83: 32 
79 24 

65,23 
54 18 
40: 15 
24 84 
11'39 

e8 17 

73: 47 

3:39 

97: 13 

95: 7a 

100 w 
90 22 

95,31 
94 74 
93' 8F 
92: 81 
91 63 

88,43 
85,9(; 
82 71 

71,21 
61 3L 
4f 8: 
31,5f 
15,7: 
5,6( 

Qd, I 

7e: ni 

82,847 
81,208 
79 507 

75,247 
12,273 
88,454 
02.337 
50,757 
48,275 

77: 555 

88,423 
87,272 
80.119 
84,910 
83,472 
81,013 
78,964 
75 191 
69: 804 
02,177 

87 298 
80: 032 
84 715 
83' 234 
81:481 
79 285 
76' 322 

00: 293 
68, 106 
47 059 

7 i  147 

33' 479 
19' 1 n  
7' 732 
1: 900 

37 834 
25: 909 
14,103 
5,406 
1,227 

100, OOO 
90,755 
88,321 
87 148 
86: 452 

loo, 600 
93 101 

90 753 
96 270 
89 490 
88' 390 
8f 139 
85 764 
84: 136 
82 211 
78' 020 
76' 038 
70' 984 
03: 712 
53,184 
39,132 
23,600 
10,323 

91: 535 

2.688 

loo M)o 
93' 692 
92' 419 
91'913 

90 741 
89: 705 
88,405 
87 003 
85: 293 
83,220 
80 537 
70: 908 
71,800 
64,009 
54,401 
40,594 
24 870 

91: 523 

11: 283 
3,484 

70,620 
73, 664 
69,798 
84,471 
57,053 
46,620 
33,388 
19,410 
8,114 
2,164 

Mexlco, 
lDEO 

100,00( 
77,631 
61,48! 
58,131 
50,471 
54,41i 
51, G8( 
48 774 

42,47: 
38,891 
35,031 
30,94( 
26,572 

16,61! 
10,871 
0,35: 
2,661 

80( 

45: 724 

21,5S( 

NION OF SOUTH AORIC UNITED STATES -_ 
Japan, 

1926-1930 
-- 
onwhite 
1935-1937 
__I 

100 001 
$1: 63 
72,211 
70,37 
68.94 
60,70 
63,76 
60,72 
57,38 
53,54 
49,30 
44,75 
39,88 
34,47 
28, OE 
21.60 
15,m 
9,39 
4,51 
i,3m 

100, oc 
83,7C 
73 8C 
71: 7s 
70,M 
67, l! 
63,4i 
59,0( 
50,l: 
52,4: 
48,71 
45,Ol 
40,61 
35,7: 
B,71 
23,51 
17, l! 
11.21 

' 6,Ol 
2, 1: 

SEX AND AQE 
--- 
Whites, 
935-1937 

100 ooo 
Qd 765 
8.: 879 
89,180 
PA, 100 
80 515 
8 i  029 
83' 382 

78,369 
74,220 
I% 780 
01: 763 

931 359 

E l :  223 

53,099 
42,516 
30,402 
I8 043 8' 210 
2: 177 

100, 000 
94 052 

91 355 
90: 722 
89 939 
8d 778 
87) 456 

84,005 
81,690 
78 605 

69 342 
62: 127 
52 314 

26: 193 
13,015 
4,311 

92: 210 

85: 934 

74: 577 

401 214 

Whites 
1929-19il 

Nrgroes 
1 9 3 e i ~ i  

Whites 
939-led1 

'100,ooO 
96,lFS 
94, lEO 
93,601 
93,080 
92,293 
91,241 
90,092 
88,713 
86,880 
84,285 
80,521 
75,156 
67,787 
58,305 
46,739 

19 860 
9: 013 

33,404 

2,812 

loo, OOO 
90,211 
95,308 
94,890 
94,534 
93,984 
93,228 
92,320 
91,211 
89,805 
87,920 
85,267 
81,520 
76,200 
68,701 
68,363 
44 655 

14,487 
5,001 

28: 882 

loo, 000 
93 708 
91: 738 
90,810 
90,074 

100, OM 
85,991 
78,46' 
76,781 
75,70: 

loo, 000 
91,772 
90,082 
89,393 
88,610 

88,904 
87 371 
86) 707 
83' 812 
81: 457 

86,988 
84,227 
80,979 i 
77 221 

67,346 
60.495 
52,428 
43,833 
36,371 
27,238 
19 456 

6,444 
2,830 

72: 780 

I 12: 188 

6f3,46l 
54,341 
49,05 
4 2 , x  
33.81s 
24,3M 
14,81: 
7,081 
2,35 

45 

78,345 
74 288 
08' 981 
61: 933 
52,964 
41 880 

7: 672 
2,350 

29'471 
17- 221 

loo, OM) 
93,416 
91,QMI 
91,308 
Bo, 584 

100,001 
80,32 
63 13 
59: 67 
E8,06 
56,08 
53,45 
50.70 
47,741 
44,6i' 

38,30, 

30,011 
24,261 
18, 171 
11,281 
6,31 
2,481 

66 

41,638 

34,35 

100 000 
96: 037 
93 216 
92' 4A6 
91; 894 
90,939 
89 524 
87: 972 
86 248 
84: 250 

100,oo 
87,68 
79 80 
78: 05 
76,52 
73,06 
69,36 
66,21 
63,28 
60,31 
57,34 
54,28 
50,53 

-45.81 
39,59 
31,54 
22 ,OQ 
12,53 

81 780 
7s' 572 
72 321 
68' 402 
GO: 499 

71,157 
64.885 
57,314 
48,928 
40,504 
32,354 
24,502 
17,039 
10,022 
5,662 

49 932 

23 053 

3: 719 

37: 024 

10' 937 
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TABLE hI.-AVERAGE FUTURE LIFETIME IN YEARS, FROM RECENT LIFE TABLES FOR SELECTED COUNTRIES; BY SEX FOR SELECTED 

Whites, 
1939-1941 

SPECIFIC AQES 

Whites, 
1929-1931 ~- 

EnJand 
nd Walrs, 
1930-1932 

49.89 
45.43 
40.94 
36.42 
32.03 

27.78 
23.64 
19.72 
16.06 
12.76 

Czecbo- 
slovakia, 
1929-1932 

46.0 
41.7 
37.4 
33.2 
29.1 

25.1 

17.5 
14.1 

' 11.0 

. 21. 3 

- 9.82 
7.36 
5.35 
3.86 
2. 79 

68.45 
69.46 
66.10 
61.45 
66.69 

. 8.4 . 6.3 
4.6 
3 .6  
2 6  

69.6 
63.1 
61.5 
67.2 
62.7 

62.02 
47.48 
42.98 
38.51 
34.05 

29.70 
25.47 
21.38 
17.49 
13.91 

48.3 
44.0 
39.8 
36.6 
31.4 

27.3 
23.3 
19.4 
16.9 
12.6 

Italy. 
1930-1932 

.63.76 
69.71 
69.68 
66.46 
60.98 

Qermnny. 
1932-1934 

69.86 
8443 

67.28 
6262 

48.16 
43.m 
39.47 
36.13 
30. I 
26.61 
2264 
18.69 
16.11 
11.87 

9.06 
6.68 
4. 84 
3.62 
2 63 

BL m 

62.81 
66.41 
63.66 
69.08 
64.39 

49. 84 
46.43 
41.06 
36.67 
32.33 

28.02 
23.86 
19.86 
16.07 
1260 
9.68 
7.09 
6.16 
3.70 
2.72 

France, 
1928-1933 

Denmark, 
1931-1936 

Canada, 
1930-1932 

Australia, 
1932-1934 SEX AND AOE Austria, 

1930-1933. 

63.48 
66.49 
62.67 
58.02 
63.36 

48.81 
44.37 
39.90 
35.46 
31.11 

26.87 
22.83 
19.03 
16.67 
12.40 

9. Bo 
7.19 
6.22 
3.90 
2.99 

67.14 
68.67 
65.04 

66.29 

61.67 
47.19 
42.77 
38.37 
34.04 

29.74 
25.58 
21.58 
17.74 
14.16 

10.98 
8.23 
6.01 
4.30 
3.06 

61. oa 

26.91 
34.68 
38.96 
36.38 
32.86 

29.67 
20.60 
23.60 
20.99 
13.60 

16.40 
14.31 
12.27 
10.26 
8.26 

6.3K 
4.61 
3.13 
1.96 
1.12 

26.58 
33.43 
36.61 
33.61 
30.04 

27.08 
24.58 
22.30 
20.18 
18.23 

16.43 
14.65 
12.79 
10.81 
8.76 

6.74 
4 86 
3.25 
2.00 
1.18 

68.46 
63.96 
62.30 
57.96 
53.41 

49.06 
44.33 
40.55 
38.23 
31.93 

27.79 
23. i 2  
19.88 
16.29 
12.98 

10.06 
7.67 
5.61 
4.10 
2.97 

60.23 
64.72 
63.17 
68.72 
64.16 

49.76 
45.54 
41.38 
37.19 
33.02 

28.87 
24.78 
20.84 
17.16 
13.72 

10.63 
7.98 
5.92 
4.38 
3.24 

62.0 
66.6 
63.6 
69.0 
64.3 

49.8 
46.4 
41.0 
36.6 
32.1 

58.74 
62.25 
60. 11 
66.79 
61.18 

46.81 
42.54 
38.21 

-33.87 
29.82 

26.61 
21.60 
17.89 
14.43 
11.30 

8.62 
6.43 
4.74 
3.60 
2.63 

62.88 
65.48 
63.24 
58.87 
64.28 

49.88 
45.55 
41.22 
36.87 
32.65 

28.30 
24.18 
20.23 
16. 60 
13.07 

10.02 
7.45 
6.46 
4.00 
2.98 

64.30 
68.63 
66.47 
62.06 
47.60 

43.30 
39.40 
35.42 
31.47 
27.62 

23.90 

16.93 
13.76 
10.86 

8.29 
6.11 
4.44 
3.23 
2.66 

20. 33 

. 61.92 
69.90 
58. 9 

49.62 

46.29 
41.27 
37.15 
33.02 

26.02 
21.24 
17.68 
14.36 

64. b 

m. w 

if. 32 

8.67 
6.46 
4.73 
3.48 
2 61 

66.18 
61.96 
60.21 
66.10 
61. &7 

47.40 
43.33 
39.24 
36.10 
30.98 

20.88 
- 2283 
lS. 98 
16.36 
1 2  00 

9.24 
6.95 
6.12 

' 3.80 
2.87 

Switzer- 
land, 

1933-1937 

Bo. 7 
63.0 
60.1 
66.6 
60.9 

46.6 
42.3 
38.0 
33.6 
29.4 

26. 2 
21.3 
17.7 
14.3 
11.3 

8.7 
6.6 
4.7 
3.6 
2 6  

64.6 
00.4 
63.3 
58.8 
64.1 

49.6 
46.3 
40.9 
36.6 
32.2 

66.02 
61.25 
69.21 
64.88 
60.29 

46.04 
41.95 
37.78 
33.61 
29.48 

25.47 
21.61 
17.04 
14.53 
11.43 

8.69 
6.41 
4.65 
3.35 
2.43 

69.79 
03.84 
61.63 
67.25 
62.68 

a. 43 
44.33 
40.17 
35.97 
31.77 

27.62 
23.55 
19.44 
15.93 
12.57 

9.60 
7.12 
1.20 
3.78 
2.86 

64.6 
60.6 
68.3 
64.1 
49.6 

46.2 
41.0 
36.9 
32.5 
28.7 

24.7 
21.0 
17.4 
14.2 
11.2 

8.6 
6.3 
4.6 
3.3 
2.4 

58.6 
63.6 
61.2 
67.0 
62.4 

43.0 
43.8 
39.6 
35.3 
31.1 

27.0 
2 2  9 
19.1 
15.4 
12.1 

9.2 
6.8 
6.0 
3.6 
2.7 

Mexico, 
1930 

46.76 
42.69 
38.68 
34.47 ao. 39 

27.8 
23.6 
19.7 
16.0 
12.6 

9.7 
7.2 
6.2 
3.8 
2.8 

63.8 
67.1 
64.0 
69.4 
64.6 

60. 0 
46.6 
41.2 
36.8 
3 2  6 

9. 06 
6.68 
4.85 
3.52 
2.69 

69.02 
62.63 
80.32 
65.96 
61.46 

47.40 
43.62 
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PART I1 
tIFE TABLES 

r 
This. part contains the principal life tables presented 

in this volume. Life tables are giqen for whites, 
Negroes, and other-races, separately by sex, and for 
both sexes combined, and also for the total population 

This makes 
altogether 12 life tables. In  addition, table 13 gives, 
for  the sa.me 12 classes and combinations of classes, 
life table palues for certain subdivisions of the first 
year of life. A 4  these tables are based on the 1940 
census of population and the deaths of t.he 3-year 
period 1939-1941. 

Explanation of the columns of the life table 
. Both the descriptive titles and the conventional 
actuarial symbols appear a t  the head of the columns in 
e.ach of the tables. The description which follows gives 
a more detailed explanation of each column of the life 
table, and may be helpful to some readers. 

Column 1-Year of age (z to x+ l).-The year of age, 
shown in column 1, is the interval between two succes- 
sive birthdays. For instance, “4-5” indicates the in- 
terval between the fourth birthday and the fifth, in 
other words, the fifth year of life. 

Column 2-Mortality rate (1,000 p,).-This colnmn 
shows the number of deaths within 1 year after the 
birthday indicated, among .1,000 persons alive on that 
birthday. For example, the rate of mortality a.t age 
45 for white males (table 5) is 7.66 per 1,000. In other 
words, during 1939-1941, 7.66 out of every 1,000 white 
males who were alive on their forty-fifth birthday 

The rates of morta.lity 
form the basis of the life table, all the other columns 
being derived from them. 

Column .!&-Number living (12) .-This column shows 
the number of persons who would survive to each age 
out of a cohort of 100,000 live births, subject throughout 
life to the rates-of mortality shown in column 2. Thus, 
table 5 shows that out of 100,000 white male babies 
born alive, 95,188 will complete t.he first year of life 
and enter the second; 94,724 will begin the third year; 
92,098 will reach age 21; and 33,404 will live to age 75. 

Column &-Number dying (d,) .--This column shows 
the number dying in each successive year of age out of 
100,000 live births. Out of 100,000 white males born 
alive (table 5), 4,812 die in the first year of life, 464 in 
the second year, 195 in the twenty-first year, and 2,762 
in the seventyififth year. Each figure in column 4 is the 
difference between two successive figures in column 3. 

- and for total males and total females. 

- 

, 

. died before reaching age 46. 

- 

Columns 6 and 6--Stationary population (Lz and 
T,).-Suppose that a group of 100,000 individuals like 
that assumed in columns 3 and 4 is born every year, each 
such group being iubject throughout life to b e  rates of 
mortality shown in column 2. If there were no migra- 
tion and if the births were evenly distributed over the 
calendar year, the survivors of these births would make 
up what is called a stationary population because in 
such a population the number of persons living in any 
given age group would never change. When an indi- 
vidual left the group, either by death or by growing older 
and entering the next higher age group, his place would 
immediately be taken by someone entering from the 
next loyer age group. Thus, a census taken at any 
time in such a stationary community would always 
show the same total population and the same numerical 
distribution of that population among the various ages. 
In such a stationary population, column 3 shows the 
number of persons who, each year, reach the birthday 
indicated in column 1 while column 4 shows the num- 
ber who die each year in the indicated age interval. 

Column 5 shows the number of persons in the sta- 
tionary population in the indicated age interval. For 
example, the figure given for white males in the year of 
life 4 5 4 6  is 83,962. This means that in a stationary 
population of white males supported by 100,000 annual 
births and subject always to the rates of mortality 
shown in column 2 , a \census taken on any date would 
show 83,962 persons between 45 and 46 years old. 

Column 6 shows the total number of persons in the 
stationary population (column 5) in the indicated age 
interval and all subsequent age intervals. For example, 
in the stationary population of white males referred to 
in the last illustration, column 6 shows that there would 
be at any given moment a total of 2,180,567 persons 
who have passed their forty-fifth birthday. The popu- 
lation at all ages 0 and above (in other words, the total 
population of the stationary community) would be 
6,281,188. 

Column 7’-Average future lifetime (d,) .-The average 
future lifetime (also called the complete expectation of 
life) at any age is the average number of years remain: 
ing to be lived by those surviving to that age, on the 
basis of a given set of mortality rates. The values in 
column 5 can also be interpreted in terms of a single life 
table cohort, without introducing the concept of the 
stationary population. From this point of view, each 
figurein column 5 represents the total time (in years) 

21  



-7 

22 . UNITED STATES. LIFE TABLES AND ACTUARIAL TABLES 

lived between the indicated birthdays by those reaching 
the earlier birthday among the survivors of a cohort of 
100,000 live births. Thus, the figure 83,962 for white 
males in the year of life 45-46 is the total number of 
years that will be lived bctween the forty-fifth and 
forty-sixth birthdays by trhe 84,285 (column 3) who 
reach their forty-fiit.11 Lirlhday out of 100,000 whitc 
males born alive. The corresponding figure in column 
6 (2,180,567) is the total number of years that will be 
lived after attaining age 45 by thc 84,285 reaching that 
age. This number of yeak divided by t,he number of 
persons (2,180,567 divided by 84,285) gives 25.87 a.s the 
average future lifetime of white males at age 45. 

Care must be exercised in drawing conclusioiis from 
the figurcs in column 7. Thus, observing that the “ex- 
pectation of life” at  birtsh is alwaj7s gmater for white 
persons than for Negroes, one should not conclude t.hat 
the ‘oldest ages reached by white persons necessarily 
exceed those attained by the‘most long-lived Negroes. 
The difference in the average length of life is due to the 
fact that a ‘greater proportion of Negroes die before 
keaching old age. For example, t8he number surviving 
to a.ge 65 out of 100,000 born dive is far greater among 
white;; than among Negroes; yet the average length of 
life remaining a t  age 65 is practically the same €or both 
races. 

Table IS-Subdivisions of the$& year of lije.-What 
has been said about the various columns of the life table 
applies also, with certain obvious modifications, to tlic 
3ife table values for subdivisions of the first year of life, 
given In table 13. The figures corresponding to age 
“2-3 weeks” for white males may be taken as an illus- 
tration. The age interval (column 1) is the. period be- 
ginning with the exact age 2 weeks and cxtcnding up to 
the cxactage 3 wecks: in other words, the third week of 
life. The mortality rate of 1.64 in column 2 meam that 
out of every 1,000 white m d c  infants dive exactly 2 
weeks after birth during 1939-1941 this number, on the 
average, died during the following week. The number 
living (97,194 in column 3) sigdles that this many 
would still be alive oxactly 2 wecks after birth out of tpe 
1ife.table cohort of 100,000 live births, on the assump- 
tion tXat the mortality rates shown in column 2 have 
prevailed during the first 2 weeks of life. The number 
dying (159 in column 4) means that out of the 97,194 
alive exactly 2 weeks after birth this number would die 
during the hllowiqg week. The figure 1,861 in column 
5 indicates that during the third week of life the sur- 
vivors of the life table cohort of 100,000 white male 
births have lived a total of 1,861 person-years of’life. 

. Or, alternatively, this figure is the number of infants 
aged 2-3 wecks in a stationary population of white 
males supported by 100,000 annual births and subject 
always to the mortality rates shown for white males in 
column 2 of this table m d  of table 5. The figure 
6,277,446 in column 6 represents the total  number of 
person-years of life lived beyond the first2 weeks of life 

. 

by all the 97,194 survivors to the age of exactly 2 weeks 
in the life t.able cohort which started with 100,000 white 
male births. Alternatively, it is the entire population 
a t  all ages beyond 2 wecks in the stationary population 
already referred to. Finally, the average future life- 
time of 64.59 shown in column 7 is the average number 
of years lived beyond the first 2 weeks of life by the 
97,194 survivors to the age of esactly 2 weeks in the 
lifc table cohort. 
Use of life tables in estimating and forecasting popula- 

One of the most important applications of life tables 
in demographic research is their use in estimating the 
age distribution of a population on a given postcen$ 
date. In  partic,ular cmes, this may be either a past, 
psesent, or future date. While an exhaustive discussion 
of the subject would be beyond the scope of this vol- 
ume,’ an outline of the general procedure will be given. 
Basically this consists, in the usual method of population 
projection, in multiplying the number enumerated a t  
each age in the census by a survival rate derived from a 
life table, in order to obtain the estimated number of 
survivors on the given date. It is usuallx most appro- 
priate to obtain the survival rates from the L, column’ 
of the life table (column 5 of the tables on ppl26 to 49). 
For example, suppose that in a certain group of white 
ma.les there were enumerated, in the ,1940 census, 32,000 
a t  age 47 on the last birthday, and that it is desircd to 
estimate the number of survivors just 6 years later 
(that is, on April 1, 1946), on the supposition that the 
mortality during the 6-year period will be approximately 
the same as that indicated at.the ages in question by 
the 1939-1941 life table for white males. Now the 
original group of 32,000 presumably included persons 
a t  all  ages bctween exact age 47 and exact age 48, and 
was, therefore, similar in its age composition to the 
group at  age 47 on the last birthday in the stationary 
life table population, which numbered 82,568. Now, 
since the hypothetical life table population does not I 

’ 

tions 

f 

change with the passage of time either in its total 
number or in its age composition, the survivors 6 years 
later of this group of 82,568 would be merely the number 
at age 53 in -the life table population, which is 76,953. 
Therefore, the survival rate to be applied to the group. 
of 32,000 is 76,953 divided by 82,568, which is .93200; 
and.  the estimated, number of survivors is 32,000 
multiplied by .93200, which gives 29,824. In  algebraic 
terms, the Lz+B persons aged x+6 in 1946 are the sur- 
vivors of the L, persons aged 5 in 1940. Therefore, the 
survival rate to be applied to the-population at  age x 
is Lz+aIL.z. 

If migration during the 6 years is thought to have 
been a signiGcant factor, it is of course .necessary to 

‘ 

1 For a detailed discussion of the subject. see Eatimotca OJ Future Population ojfhe 
Unifcd States, 1 0 4 0 , W  (prepared by Warren S. Thonipson and P. K. Whelpton. and 
lssued by the National Resources Planning’ Board), Government Printing Ofice, 
Washington, D. O., 1943. ! 
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obtain some information or to make some assumption 
as to the number and age composition of the net mi- 
grants each year, and to adjust the number of survivors 
accordingly. 

Estimation of the populations at ages under 6 on 
April 1 , 1946, would require a knowledge of the number 
of births during each of the 6 years. For example, sup- 
pose 51,000 white males entered’ the group through 
birth during the year April 1, 1943, to April 1, 1944. 
On April 1 , 1946, the survivors of lhese births would be 
between exact ages 2. and 3. Now, in the life table 
population, the number of births during m y  yew is the 
radix of the life table-in this case, 100,000-while the 
number. of survivors on a date just 2 years d te r  the end 
of the year in which the births occurred would be 
merely the number at  age 2 in the life table population 
(or 94,592 in column 5). Therefore, the survival rate to 
be applied to the 51,000 births is 94,592 divided by 
100,000 which is .94592; and the estimated number of 
survivors is 51,000 multiplied by .94592, which gives 
48,242. ‘In algebraic terms, the survival rate to be 
applied to the births of the nth year preceding the date 
of the estimate is L,,J?o. 

In  the original example of the 32,000 enumerated at 
sage ‘47, suppose it had been desired to estimate the 
number of survivors 6 months later, on October 1 , 1946. 
These individuals would then be at  ages ranging from 
exact age 53j4 to exact age 54:h. Now the number of 
persons between these ages in the life table population 
is approximately Z,, (column 3) : that is, the number of 
survivors to age 54 out of the life table cohort of 100,000 
live births, as indicated in column 3: In  this particular 
case, the figure is 76,380. Therefore, the survival rate 
to be applied is 1541L47, or 76,380 divided by 82,568, 
which is .92506; and the estimated number of survivors 
is 32,000 multiplied by .92506; which gives 29,602. 

If the population data are given in’5-year age groups, 
or can be combined into such groups, it  is possible to 
shorten the arihhmetic wi,th very little loss of accuracy 
by using an average survival rate for each 5-year age 
group as a whole. Thus, the survival rate over a 6-year 
period for the age group x to s+4 would be 
(TI+B- TZ+IJ+(Tz- TZ+3. Other situations which may 
arise can be dealt with along similar links. 
The life table as ;frequency distribution 

The agegat death in the hypothetical life table cohort 
(as show; in colunm 4 of the life tables on pp. 26 to 49). 
cpnstitute a frequency distribution. In  the following 

I discussion, the case of the life table for white males 
(table‘5) will be taken as an illustration, but the remarks 
to be made will apply equally to all the.life tables, ex- 
cept for some difference in the ages and numerical 
values quoted. The fiequency distribution based on 
the white males life table is exhibited graphically in 

I 

T ~ P  rodf of a life table is the number of births with which thc lifctahle cohort 
begins, or, in algebraic terms, the value of 1.. In the tables on pp. 26 to 49, this is 
&own In column 3 opposite the year of age 0-1, and is always 100,000. 

figure 11. Perhaps the most obvious characteristic of 
this distribution is that it is bimodal: that is, it has two 
modes or maxima, one in the year of age 0-1 and an- 
other ib the year of age 75-76. The mode at age 0-1 
is the higher, more deaths occurring in this than in any 
other single year of age. It is also clear th&t the fre- 
quency distribution is decidedly skewed toward the 
left: that is, the frequencies rise very gradually from the 
“trough” at  age 10 to the ‘“peak” at age 75, and then 
drop off sharply above age 75. The arithmetic mean of 
the distribution is the average age at  death in the hypo- 
thetical cohort, or in other words, the average duration 
of life. Its value in this case is 62.81 years (column 7 
of the life tabl;) : It is clear that the value of the arith- 
metic mean is very much influenced by the large num- 
ber of deaths in the first year of life. If the deaths 
occurring in the first year were excluded from the dis- 
tribution, the average age a t  death of the remaining 
95,188 individuals would be one plus the average future 
lifetime at  age 1: that is, 65.98 years. This represents a 
difference of more than 3 years in the value. 

The median of the distribution (that is, the value 
which has the same number of elements on either side 
of it) is the median length of life, or probable lifetime, 
another possible measure of longevity to whick refer- 
ence was made in part I.3 Since the distribution of 
ages at  death in a life table cohort is always character- 
ized by a greater’ dispersion below the median value 
than above it, the median always exceeds the arith- 
metic mean. In  the particular case under considera- 
tion, the median is 68.67 ypars, which exceeds the mean 
value by 2.69 years. 

In  part I the longevity of differqt subdivisions of 
the population was compared also by means of a third 
criterion, the number of persons- surviving to specified 
ages in the hypothetical cohort. Which of these is 
the better measure of longevity is a question that 
cannot be answered categoricdy. The answer per- 
haps depends primarily on the purpose such a measure 
is intended to serve. Certainly no one figure can con- 
tain within itself all the information which is provided 
by the complete frequency distribution. 

In  view of the pronounced skewness of the distribu- 
tion, it may belfelt that the arithmetic average is not 
sufficiently rcpresentative. The layman, in inquiring 
what is the ‘(life expectancy” of a newborn infant, 
probably has in the back of his mind the idea of an 
age to which the infant has a reasonably good chance 
of surviving. If he is told that the infant’s “expecta- 
tionrof life” is 62.81 years, he may be surprised to be 
told later that more than 62 percent of whjte male 
infants alixe at  birth outlive their expccthtion of life 
while less than 38 percent die’before reaching that age. 
The alternative statement that 68.67 years is the prob- 
able lifetime, the age to which the infant has a fifty-fifty 
chance of surviving, is probably a more satisfactory 
answer to the. layman’s question. 

I 

‘see P. a. 
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FIGURE ~L-FREQUENCY DISTRIBUTION OF AGES AT DEATH I N  A COHORT.STARTING WITH 100,000 LIVE BIRTHS, 
BASED ON THE MORTALITY OF WHITE MALES: UNITED STATES, 1939-1941 . 
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On the other hand, the objection may be made that 
the probable lifetime is not SufEiciently sensitive. to 
changes in the ages at  death of the members of @e life 
table cohort. In fact, its value is not 'affected by any 
change in which the age at  death of a0 individual is 
not actually shifted from one side to the other of the 
probable lifetime its'elf. If, for example, the deaths of 
the 4,812 dying before age 1 in the white males life 
table were equally spread over all the years of age 
between birth and- age 68, many of these individuals 
would live much longer; yet the value of the probable 

- lifetime would be unchanged. However, the effect of 
transferring deaths from one age to another in the 
hypothetical life table cohort is not entirely relevant, 
since the mortality rates in the life table were not ob- 
tained by observing a single cohort over a period of 
time, but rather by observing many cohorts simul- 
taneously, a different one at  each age. Therefore, the 
important thing is the effect of a specified change in the 
rate of mortality at  a particular age, without reference 

- to any offsetting change elsewhere. Any chmge in 
the'mortality rate at any age less than the probable 
lifetime (unaccompanied by other changes) will ' alter 
the value of the probable lifetime. However, changes 
in mortality rates at ages greater than the probable 
lifetime will have no .effect whatever on its value. 
Similar remarks apply to the third criterion suggested, 
the number of survivors to a designated age. The 
value of the average duration of life, on the contrary, is 
affected in some measure by any change in the rate of 

mortality' a t  any age, or in the ages at  death in the life 
table cohort. 
Use of the life table in studying there productive capac- 

Another important application of life tables in demo- 
graphic research is their use in conjunction with fer- . 
tility rates in investigating the inherent capacity of a 
population to reproduce itself. This is studied, for the 
most part, by means of certain specific measures devised 
for that purpose, the most important of which are the 
gross and net reproduction rates and the true rate of 
natural increase: While life table survival rates are 
an important component in the-calculation of these 
measures, they involve other considerations of a highly 
technical-nature, which are outside tho scope of this 
volume. 
Mathematical notation employed 

One of the mathematical symbols used in the head- 
ings of table 13 represents a departure from the stand- 
ard notation in use by actuaries. This is the symbol 

ity of populations 

4 See Robcrt It. Kuczynskl, The BaZance a/ Births and Deafhr, 2 vols., The Mac- 
millan Co., New York, 19% Ferlility and Reproduction, Falcon Press, NPW York, 
1932; The Alenduremmf of Populntion Growth, Oxford University Prcss, Now York, 
1%?.70; D. V. Qlasr, .Populalion Polieie8 and Mouemenls in Europe (Appendix), Oxrord 
University Prcss, I,ondon, 1040. 

8 Soc Louis 1. Dublin and Alfrcd J .  Lotka. Length o/Li/c,  The Ronald Press Co., 
New York, 1936; On the True Rate nl Nafural Increase, Journal nf the Americnu Statls- 
tical Asaocintion, \-ol. 20, No. 151. pp. 305-339, Scplcmher 192.5; AIrrcd J. Lotka. The 
Qeoyraphic Distribution @j Intrinsic Natural Increase in f k c  United Slafea, and an Eram- 
inotion OJ the Relation Bctmeen Scueral Alrasures OJ Ne1 Reprodudiofy, ibid., vol. 31, 
No. 101, pp. 273-204, June 1936; Some Recent &&a in Population Analyais, ibid., 
vol. 33, No. 201, lip. 164-li8, March 1038. Sce also Glass' book citcd In the preceding 
lootnolo. 
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#qZ, which appears in .the heading of column 2 and 
which is used here to denote the probability that an 
individual alive at exact age x will die within time t 
thereafter, both x and t being measured in years. The 
standard actuarial symbol for this probability is ltqz 
when t is 1 year or less and I #, when t is greater than 1 
year. The latter notation has been conceded by 
actuaries to be awkward and unnecessary.s Moreover, 
a subcommittee designated by the Permanent Com- 
mittee of the International Congresses of Actuaries to 
study the revision of the international actuarial nota- 
tion has gone on record recommending -the replace- 
ment of the two symbols just me.ntioned by the one 
employed here.’ The latter symbol has also been 
widely used, even by actuaries, on the continent of 
Europe18 and has also appeared in several publications 
in this country? 
Consistency of the tables 

Consistency requires that t,he rates of mortality in 
the life tables for combinations of classes shall always 
be intermediate between the rates at  the same ages for 
the component classes. This is true in every case, 
notwithstanding the fact that the interpolation lo of 
the rates of mortality for the combination ta.blcs was 
carried out entirely independently of the corresponding 
interpolation for the separate classes, except above age 

8 See Notation Infcmatlonalc, pamphlet issued by the Comite Permanent des 
Congrhs Internationam d’Actuaires, p. 6, Bruxelles, FBvrier 1939. 

1 m. elf . ,  p. 91. 
8 Op. dt., p. 62. 
0 See, for cxample, American Journal of Hygiene, vol. 30, No. 2, p. 36 et seq., Sep- i 

tembcr 1939; Record, American Institute of Actuaries, vol. 32, Part I, No. 65, p. 29 
et seq., June 1943. 

For a detailed t:chnical description of the process of interpolation, see pp. 122-126. 

92, where the rates of mortality for separate classes 
were extrapolated from the data for earlier ages, and 
those for the va.rious combinations were obtahied by a 
spccial process in order to insure consistency. 

Such consistency 8,s regards the rates of mortality 
does not, however, guarmtee the same kind of con- 
sistency in the values of the other life table functions. 
This would follow if the rates of mortality were ob- 
tained by observing a fixcd cohort of persons from birth 
until death, but does not hold when the persons under 
observation at  different ages belong to distinct cohorts, 
sometimes differing greatly in their race and sex com- 
position. Under these conditions, in fact, such appar- 
ent inconsistencies are to be expected, and are not 
properly regarded as inconsistencies at  all. In the life 
tables in this volume, such situations are few in num- 
ber and are largely concentrated ab the old ages and in 
the life tables for “other races,” and in all these cases 
the numerical magnitude of the differences involved is 
small. It may be remarked that such situations have . 

arisen in earlier life tables: For example, in Glover’s 
life table for total males in 1910, the mo@ality rate 
is, a t  every age, intermediate between the correspond- 
ing rates for white males and Negro males.” Never- 
theless, the values of I, at ages 96-98 and d ,  at age 55 
for total males exceed the corresponding values for both 
white males and Negro males.12 

I 

. 
11 U. 8. Bureau of theCensus, United Sfale8 Li/e Tabl~s, ISHI, 1901, 1810, and 1801- 

1810, pp. 58-59, 68-69, 80-81, Government Printing _OWce, Washington, D. C., 1921. 
, 12 While it is true that the total males include a small number of males of “other 
races,” thls group constituted only 0.16 of 1 percent of the deaths of 1909-1911 at all 
ages and only 0.17 of 1 percent of the total estimated population, so that this Is not 
likely to be the explanation of the peculiarity noted. 

t 
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TABLE  LIFE TABLE FOR THE TOTAL POPULATION OF THE UNITED STATES: 1939-1941 

OF 100,000 BORN ALIVE STATIONARY POPULATION VERAGE FUTURE 
LIFETIME 

MORTALITY 
RATE YEAR OF AGE 

Lveraee number 
Number living 
nt beginning of . yenrofagc 

Number dying 
during ycnr 

of nge 
In yenr of age nnd 

all later ycnrs In year of age 

(5) (4) (7) 

L, T, d. 

47. 10 
5. 21 
2. 67 
1. 88 
1. 51 

1. 32 
1. 17 
1. 05 
.. 96 
. 01 
.90 . 92 
.97 
1. 07 
1. 22 

1. 39 
1. 57 
1. 73 
1. 88 
2. 03 

2. 17 
2. 30 
2. 42 
2. 50 
2. 56 

2. 62 
2. 67 
2. 75 
2. 85 
2. 95 

3. 07 
3. 20 
3. 35 
3. 51 
3. 69 

3. 90 
4. 12 
4. 36 
4. 62 
4. 91 

5. 24 
5. 59 
5. 99 
6. 43 
6. 91 

7. 44 
8. 01 
8. 62 
9. 28 
9. 99 

10. 76 
11. 59 
12.49 
13. 46 
14. 51 

100,000 
95,290 
94,794 
94, 540 
94, 363 

94,220 
94, 095, 
93,985 
93,887 
93,796 

93, 710 
93, 626 
93, 540 
93,440 

' 93,349 

93,235 
93, 105 
92,959 
92, 707 
92,623 

92, 435 
92, 234 
92, 022 
91,799 
91,570 

91,336 
91,096 
90, 853 
90, 603 

90,078 
80. 802 

90,345 

4, 710 
496 
254 
177 
143 

125 

6, 362,494 
6,266,436 
6,171,439 
6,076,779 
5,982,331 

5,888,043 
5,793,886 
5,699,845 
5, 605, 909 
5, 512,068 

63. 62 
65.76 
65. 10 
64. 28 
63. 40 

62. 49 
61. 57 
60. 65 
59. 71 
58. 77_ 

57.82 
56. 87 
55. 92 
54. 98 
54.04 

53.10 
52. 17 
51. 26 
50. 34 
49.44 

48. 54 
47. 64 
46. 75 
45. 86 
44. 98 

44.09 ' 
43.21 
42. 32 ' 
41. 44 
40.55 

39.67 
38. 79 
37. 91 
37.04 
36.17 

35.30 
34.44 
33.58 
32. 72 
31. 87 

31. 03 
30.19 
29.35 
28.53 
27. 71 
.26. 90 
26. 10 
25.30 
24. 52 
23. 74 

22. 98 
22.22 
21.48 
20. 74 
20.02 

96,058 
94,997 
94, 660 
94,448 

. 94, 288 

94,157 
-94, 041 
93,936 
93,841 
93,754 

93,668 
93, 583 
93,495 
93,399 
93,292 

93,170 
03, 031 
92, 878 
92. 711 
92,529 

92,334 
92, 128 
91,911 
91, 084 
91, 452 

91,216 
90,974 
90, 728 
90,473 
90,212 

89, 939 
, 89, 668 
89.365 

110 
* t' 98 

91 
86 

84 
86 
91 
100 
114 

130 

. 5,418,314 
5, 324, 646 
5, 231,063 
5,137,568 
5,044,169 

4,950,877 
4, 857,707 
4, 764,676 
4, 671, 798 
4, 579,087 

4,486,558 
4, 394, 224 
4, 302,096 
4, 210,185 
4, 118, 501 

4,027, 049 
3,935,833 
3, 844, 859 
3, 754,131 
3,663,658 

20 1 
212 
223 
229 
23 5 

239 
243 
250 
258 
267 

276 
288 
299 
313 
329 

345 
363 
383 
404 
428 

454 
482 
513 
548 
,584 

3, 573, $46 
3,483,507 
3,393, 849 
3,304; 484 
3,.215, 426 

80; 514 
89, 215 

' 88, 902 

I 88: 573 
88, 228 
87, 865 
87, 482 
87, 078 

86,650 
86, 1!)6 
85, 714 
85, 201 
84, 653 

84,069 
83,443 
82,775 
82,061 
81, 300 

80,487 
70, 621 
78,698 
77,716 
76, 669 

88,401 
88,047 
87,674 
87, 279 
S6,864 

86,423 
85,955 
85, 458 
84, 927 
84,361 

83, 756 
83,109 
82,418 
81, 680 
80,894 

80,054 

78,206 
77,193 
76, 113 

79,160 

3, 126.689 
3,038,288 
2,950,241 
2,862,567 
2, 775, 288 

2,688,424 
2,602,001 
2, 516,046 
2,430,588 2,345,861 

2, 261, 300 
2, 177, 544 
2,094,435 
2, 012, 017 
1,930, 337 

! 

761 
813 

866 
923 
982 

1,047 
1,112 

1,849,443 
- 1,769,389 

1,690,229 
1, 612, 023 
1,534,830 
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TABLE  LIFE TABLE FOR THE TOTAL POPULATION OF THE UNITED STATES: 1939-1941-Continued 

STATIONARP'POPIJLATION VERAGE FUTURE 
,J.IFETIYE OF 100,000 BORN ALIVE 

___-- 
Number dying 

during year 
of age 

~~ 

In year of age 
i v m e  of years number of 
at life beginning remaining of 

year of age 

' 
Number living 
s t  beginning of 

year of age 
In year of age and 

all later years 

(6) - 

T, 

(3) (5) . 

L. 

(4)- 

d,  1. 

15. 64 
16. 84 
18. 12 
19. 49 
20. 95 

22. 51 
24. 19 
26.01 
27. 97 
30. 12 

32. 48 
35.09 
37.98 
41. 20 
44.77 

48.73 
53.12 
57.98 
63. 33 
69. 18 

75.54 
82. 39 
89. 75 
97. 61 
105. 99 

75,557 
74,375 
73, 123 
71, 798 
70,398 

68, 924 
67,372 
65,742 
64,032 
62,241 

60,366 
58,406 
56, 356 

51,982 

, 49,.655 
47,235 
44,726 
42, 133 
39,465 

36, 735 
33, 960 
31, 162 

. 28,365 
25,596 

22,883 
20,254 
17,735 
! 15,350 
13,124 

11,073 
9,214 
7,556 
6,103 
4,853 

3,796 
2,920 
2,207 
1,640 
1, 197 

857 
603 
417 
282 

' 188 

123 
78 
49 
30 
18 

54,216 

1,182 
1,252 

. I. 325 

74,966 
73,750 
72,460 
71,098 
69,661 

68,148 
66,557 
64,887 
63, 137 
61,304 

59,386 
57,381 
55,286 
53,099 
50,.818 

48,445 
45,981 
43,430 
40, 799 
38,100 

35,347 
32,561 
29,763 
26,981 
24,240 

21,568 
- 18,995 
16,542 
14,237 
12,099 

10,143 
8,385 
6,830 
5,478 
4,324 

3,358 
2,563 
1,924 
1,418 

. - 1,027 

730 
' 510 

350 
235 
155 

101 
64 
39 
24 
15 

8 
5 
2 
2 
1 

1,458,717 
1,383,751 
1,310,001 
1,237,541 
1,166,443 

i, 096,782 
1,028,634 
962,077 
897,190 
'834,053 

772,749 
713,363 
655,982 
600,696 
,547,597 

496,779 
448,334 
402,353 
358,923 
318,124 

280,024 
244,677 
212, 116 
182,353 
155,372 

131, 132 
109,564 
90,569 
74,027 
59,790 

19.31 
18.60 
17.92 
17.24 
16.57 

1; A00 
1,474 

1,552 
I, 630 
1,710 
I, 791 
1,875 

1,960 
2,050 
2,140 
2,234 
2,327 

2,420 
2,509 
2,593 
2,668 
2,730 

2,775 
2,798 
2,797 
2,769 
2,713 

2,629 
2,519 
2,385 
2,226 
2,051 

1.658 
1,859 

. 
15. 91 
15.27 
14.63 
14.01 
13.40 

12.80 ~- -~ 
12.21 
11. 64 
11.08 
10.53 - 

10.00 
9. 49 
9. 00 
8. 52 
8.06 . 

7. 62 
7. 20 
6. 81 
6. 43 
6. 07 

5. 73 
5. 41 

I 5.11 
4. 82 
4. 56 

114. 91 
124. 38 
134. 44 
145. 08 

. 156. 25 

, 167. 88 
179. 92 
192. 29 
204. 93 
217. 79 

230,81 
243. 94 
257. 11 
270. 31 
283.44 

296.46 
309. 35 
322. 10 
334. 75 
347. 36 

360. 05 
372. 98 
386. 34 
400. 36 
415. 25 

431. 17 
448. 20 
466. 33 
485.39 
505. 10 

47,691 
37,548 
29, 163 
22,333 
16,855 

4. 31 
4. 08 
3. 86 
3. 66 
3. 47 

3. 30 
3. 14 

2. 86 
2. 73 

2. 61 
2. 50 
2. 40 
2.-3 1 
2. 21 

2. 13 
2. 04 
1. 96 
1. 88 
1. 80 

1. 72 
1. 64 
1. 56 
1. 48 
1. 41 

, 2.99 

1; 453 
, 1, 250 

1,057 

. 876 
713 
567 
443 
340 

254 
186 
135 
94 

' 65 

12,531 
9,173 
6,610 
4,686 
3,268 

2,241 
. 1,511 

1,001 
65 1 
416 

261 
160 
96 
57 
33 

18 
10 
5 

45 
'29 
19 
12 
7 

5 
3 
1 
1 
1 

- *  3 
1 

NOTE.-Rates of mortality at ages above 87 flre not based on actual statistics at these ages but have been obtained by mathematical extrapolation from modality rfstB 
at younger ages. Other life table functions at these ages are based on the extrapolated rales ~'rnorlslily, and may not necessarily represent actual conditions. - I  
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YEAR OP AOE 

- 

Period of life between two exact ages stated 

(1) 

Z t o t + l  

-___ 
I 

TABLE 2.-LIFE TABLE F.OR TOTAL MALES IN THE UNITE1 

XQRTALITY 
U T E  

Number d ing 
per 1 , ~  a%ve 

year of age 
8t beginning Of 

(2) 

~,W. -- 
52.38 

5. 53 
2. 89 
2. 01 
1. 62 

1. 45 
1. 30 
1. 19 
1. 11 
1. 06 

1. 05 
1. 07 
1. 13 
1. 24 
1. 39 

1. 57 
1. 76 
1. 94 
2. 11 
2. 28 

2. 46 
2. 61 
2. 74 
2. 83 
.2. 88 

2. 92 
2. 97 
3. 04 
3. 14 
3. 25 

3. 38 
3. 52 
3. 69 
3. 88 
4. 09 

4. 33 
4. 59 
4. 88 
5. 20 
5. 56 

5. 95 
- 6.39 

6. 87 
7. 40 
7. 99 

8 .63  
9. .32 

10.06 
10.86 
11.72 

. 12.64 
13.64 
14.72 
15.90 
17.16 

OP 100,OOO BORN ALIVE 

Number living 
at  heginning of 

year of age 

(3) 

1. 

100,000 
94,762 
94,238 
93,965 
93,776 

93,624 
93,488 
93,367 
93,256 
93,153 

93,054 
92,956 
92,856 
92,751 
92,637 

92,508 
92,362 
92,199 
92,020 
91,826 

91,617 
91,392 
91, 153 
90,903 
90,646 

90,385 
90,121 
89,854 
89,581 
89,300 

89,009 
88,709 
88,397 
88,071 
87,730 

87,371 
86,993 
86,594 
86, .17 1 
85, 722. 

85,246 
84,739 
84,197 
83,619 
83,000 

82,336 
81,626 
80,865 
80,051 
79,182 

78,254 
77,265 
76,211 
75,089 
73,895 

Number dying 
during year 

of age 

. (4) 

d s  

_- 

5,238 
524 
273 
189 
152 

136 
121 
111 
103 
99 

98 
100 
105 
114 
129 

146 
163 
179 
194 
209 

225 
239 
250 
257 
261 

264 
267 
273 
281 
291 

300 
312 
326 
341 
359 

378 
399 
423 
449 
476 

507 
542 
578 
619 
664 

710 
761 
814 
869 
928 

989 
1,054 
1,122 
1,194 
-1, 268 

STATES: 1939-1941 

ETATIONARY POPULATION 

In year of age 

(5) 

L, 

95,591 
94,453 
94,093 
93,867 
93,697 

93,556 
93,428 
93,312 
93,204 
93,103 

93,005 
92,906 
92,804 
92,694 
92,572 

92,435 
92,281 
92, 110 
91,923 
91,721 

91,504 
91,273 
91,.028 
90,774 
90,516 

10, 253 
89,988 
89,717 
89,440 
89, 155 

88,859 
88,553 
88,233 
87,900 
87,551 

87, 182 
86,793 
86,382 
85,946 
85,484 

84,993 
84,467 

83,309 
82,668 

81,981 
81,245 
80,458 
79,617 
78,718 

77,759 
76,738 
75,650 
74,492 
73,261 

83,909 

In earotagoand 
a& later years 

. - (6) 

6,160,087 
6,064,496 
5,970,043 
5,875,950 
5,782,083 

5,688,386 
5,594,830 
5,501,402 
5,408,090 
5,314,886 

5,221,783 
5,128,778 
5,035,872 
4,943,068 
4,850, 374' 

4,757,802 
4,665,367 
4,573,086 
4,480,976 
4,389,053 

4,297, 332 
4,205,828 
4, 114,555 
4,023; 527 

3,842,237 
3.75 1,984 
3,661,996 
3,572,279 
3,482,839 

3, 393, 684- 
3,304,825 
3,216,272 
3,128,039 
3,040, 139 

3,933,753 

2,952,588 
2, 865,406 
2, 778, 613. 
2,692,231 
2,606,285 

2,520; 801 
2,435,808 
2.351.341 
2; 267: 432 
2,184, 123 

1; 857; 771 
1,778, 154 

1,699,436 
1,621,677 

1,469,289 
1,544,939 

1,394,797 

LVERAOE PUTURE 
LIFETIME 

Average number 
of years of 

life remaining 
at beginning of 

year of age 

(7) . 

8. 

61.60 
64.00 
63.35 
62.53 . 
61.66 

60.76 
59.85 
58.92 
57.99 
57.06 

56.12 
55.17 
54.23 

' 53.29 
52.36 

51.43 
50.51 
49. 60 
48.70 
47.80 

46.91 
46.02 
45. 14 
44.26 
43.39 

42.51 
41.63 
40.75 
39.88 
39.00 

38.13 
37.25 
36.38 
35.52 ' . 
34. 65 

33.79 
32.94 
32.09 
31.24 
30.40 

29. 57 
28.74 
27.93 
27. 12 
26.31 

25.52 
24.74 
23.97 

I 23.21 
22.46 

21.72 ' 
20.99 
20.27 
19.57 
18.88 

. 
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TABLE  LIFE TABLE FOR TOTAL MALES IN THE UNITED STATES: 1939-1941-Continued 

29 

MORTALITY 
RATE . OP 100,OW BORN ALIVE STATIONARY POPULATION VERAGE FUTURE 

LIPETIYE YEAR OF AGE 
~. 

Number dying 
during year 

of age 

iverage number 
of years of 

life remaining 
at beginning of 

year of age 

Numberd ing 
per 1,000 Jive 
at beginning of 
year of age 

(2) . 

Number living 
at beginning of 

year of age 
In year of age and 

all later years Period of life between two exact ages slated In ycar of age 

(3) (5) 

L. 

71,955 
70,573 
69,114 
67,579 
65,966 

64,280 
62,518 
60,682 
58,771 
56,787 

54,729 
52,599 
50,395 
48,121 

43,367 
40,895 
38,367 
35,791 
33,177 

30,544 
27,908 
25,295 
22,724 
20,225 

17,818 
15,530 
13,380 
11,384 
9,561 

7,918 
6,463 
5, 194 
4,111 
3,200 

2,450 
1,844 
1,364 

992 
708 

496 
342 
231 

, 153 
99 

63 
40 
24 
14 
8 

5 
- 2  

2 
1 

I_----- 

45,777 

(7) 

1. L. 

18. 50 
19. 93 
21.44 
23. 02 
24. 69 

26.47 
28.37 
30.41 
32. 60 
34.97 

37. 55. 
40.37 
43.47 
46. 87 
50. 62 

54.77 
59. 36 
64.44 

72, G27 
71,283 
69,863 
68,365 
66,791 

65,142 
63,418 
61,618 
59,745 
57,797 

55,776 
53,682 
51,515 
49,276 
46,966 

44, 588. 
42,146 
39,644 

34,491 

31, 864 
29,2!24 
26,593 
23,995 
21,454 

18,995 
16, 642 
14,418 
12,341 
10,429 

8,693 
7,143 
5, 782 
4,608 
3, 613 

2,787 
2, 113 
1,575 
1, 154 

830 

586 
407 
277 
186 
121 

78 
49 
30 
18 
11 

G 
3 

' 2  
1 

37,089 

1,344 
1,420 
1,498 
1,574 
1, M9 

1,800 
: '1, 873 

1,948 
2,021 

2,094 
2,167 
2,239 
2,310 
2,378 

2,442 
2,502 
2,555 
2,598 
2,627 

2, 640 
2,631 
2,598 
2,541 
2,459 

2,353 
2,224 
2,077 
1,912 
1,736 

I ,  550 
. 1,361 

I ,  174 
995 
826 

674 
538 
421 
324 
244 

179 
130 

. 92 
64 
43 

29 
19 
12 
7 
5 

3 
1 
1 
1 

1,724 

18.20 
17.53 
16.88 

1,321,536 
1,249,581 
I ,  179,008 
1,109,894 
1,042,315 

976,349 
912,069 
849,551 
788,869 
730,098 

673,311 
618,582 
565,983 
515,588 
467,467 

421,690 
378,323 
337,428 
299,061 
263,270 

230,093 

146,346 
123,622 

103,397 
85,579 
70,049 
56,669 
45,286 

199,549 
171; 64.1 

16.23 
15.61 

14.99 
14.38 
13.79 
13.20 . ' 

12. 63 

12.07 
11. 52 
10.99 
10.46 
9. 95 

9. 46 
8. 98 
8. 51 
8. OG 
7. 63 

-~ 
. 70. 05 

. 76. 18 

82. 84 
90.02 
97. 70 

.- 105. 90 
114. 61 

123.86 

7. 22 
6. 83 
6. 45 
6. 10 
5. 76 

5. 44 
5. 14 
4. 86 
4. 59 

. 4.34 

4. 11 
3. 89 

- 133. 67 
144. 04 
154. 98 
166.43 

35,724 
27,806 
21,343 
16,149 
12,038 

8,838 
6,388 
4,544 
3,180 
2,188 

1,480 
984 

178. 31 
190. 55' 
203. 08 
215. 82 

. 228. 71 

241. 68 
254. 68 
267. 63 
280. 66, 
293. 62 

306.49 
319. 29 
332. 09 
344.97 
358. 06 

371. 53 
385.57 
400.33 
415.94 
432.43 

449. 65 
467.23 
484.46 
500.29 

3: 69 
3. 50 
3.33 ~ 

3. 02 
2. 88 
2. 76 
2. 64 

2. 52 
2. 42 

- 3.17 

2. 32 
2. 23 
2. 13 

159 
96 
56 
32 
18 

2. 05 
1. 96 
1. 88 
1. 79 
1. 71 

1. 64 
1. 57 
1. 51 
1. 46 

10 
5 
3 
1 

NoTE.-Rates of mortality at ages above 02 are not based on actual statlstica at these ages, but have been obtained by mathematiatl extrapolation from mortality rates 
at younger ages. Other life table functions at these ages are based on the extrapolated rates of morlality, and may not necessarily represent actual conditions. 

746605 0 - 4 1  - 3 
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30 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES . 
TABLE ~.-I,IFE TABLE FOR TOTAL FEMALES IN THE UNITED STATES: 1939-ig41 

YEAR OF AGE 

Period of life between two exact ages stated 

(1) 

2 to t+1 - 
\ 

MORTALITY 
RATE . 

Number dying 
per ],OM) dive 
nt beginning of 

year of age 

(2) 

1 ,ouo9, 
--- - 

41. 52 
4. 89 
2. 44 
I. 74 
1. 40 

1. 20 
1. 03 
.. 90 
.82 

. .76 

.75 

.76 

.81 

.90 
1. 04 

I. 21 
I. 38 
1. 53 
1. 65 
I. 78 

1. 90 
2. 01 

. 2.11 
2. 19 
2. 26 

2. 32 
2. 39 
2. 47 

. 2.57 
2. 66 

2. 77 
2. 89 
3. 01 
3. 15 
3. 31 

3. 47 
3. 65 
3. 84 

. 4.05 
4. 27 

4. 52 
4. 79 
5. 10 
5. 43 
5. 80 

6. 21 
6. 65 
7. 12 . 7. 63 
8. 17 

8. 76 
9. 40 

10.09 
10.85 
11.67 

OF mo.ou0 RORN ALIVE 

Numbor living 
at beginning of 

year of age 

(3) 

100,000 
95,848 

. 95,379 
95,147 
94,981 

94,848 
94.734 
94i.637 
04,551 
94,474 

94,402 
94,332 
94,260 
94,184 
94,099 

94,000 
93,887 
93,757 
93,614 
93,459 

93,293 
93,116 
92,930 
92,734 
92,531 

92,322 
92,108 
91,887 
91,660 
91,425 

91,182 
90,929 
90,667 
90,393 
90,108 

89,810 
89,499 
89,172 
88,830 
88,470 

88,092 
87 694 
87,274 
86,829 
86,358 

85,856 
85,323 
84,756 
84,152 
83,511 

82,828 
82,103 
81,331 
80,511 
79,637 

Number dying 
during year 

of age 

(4) 

dz  
__ ____ 

4 ,  152 
469 
232 
166 
133 

114 
97 

. 86 
77 
72 

70 
72 
76 
85 
99 

113 
130 
143 
155 
166 

177 
186 
196 
203 
209 

214 
221 
227 
235 
243 

253 
262 
274 
285 
298 

311 
327 
342 
360 
378 

398 
420 
445 
471 
502 

533 
567 

.’ 604 
’ 641 

683 

* I  

725 
772 
820 
874 
929 

STATIONARY POPULATION 

L, 

96, 549 
95, 571 
95,256 
95, 061 
94,912 

94,791 
94,685 
94,594 
94,513 
94,438’ 

94,367 
94,296 
94,222 
94,141 
94,049 

93,944 
93,822 
93,686 
93,536 
93,377 

93,204 
93,024 
92,831 
92,633 
92,427 

92,214 
91,998 
91,774 
91,542 
91, 304 

91,055 
90,798 
90,530 
90,251 
89,959 

89, 6i5 
89,335 
89,001 
88, 650 
88,281 

87,893 
87,484 
87,052 
86,593 
86, 107 

85,590 
85,040 
84,454 
83,831 
83, 169 

82,466 
81,717 
80, 921 
80,074 
79, 173 

- -I_--- 

In year of age and 
d l  later years . 

6,588, 801 
6,492,252 
6.396. 681 
6; 301; 425 
6,206,364 

6,111,452 
6,016,661 
5,921,976 
5,827,382 
5,732,869 

5,638,431 
5,544,064 
5,449,768 
5.355. 546 
5; 261; 405 

5.167.356 
5; 073: 4i2 
4,979,590 
4,885,904 
4,792,368 

4.098.991 
4; 605; 787 
4,512,763 
4,419,932 
4,327,299 

4,234,872 
4,142,658 
4,050, 660 
3,958,886 
3,867,344 

3,776,040 
3,684,985 
3,594,187 
3,503,657 
3,413,406 

3,323,447 
3,233,792 
3,144,457 
3,055,456 
2,966,806 

2,878,525 
2,790,632 
2,703,148 
2,616,096 
2,529,503 

2.443.396 
2; 357; 806 
2,272,766 
2,188,312 
2,104,481 

2,021, 312 
1,938,846 
1,857, 129 
1,776,208 
1,696, 134 

VERAGE FUTIJRK 
LIFETIME . 

. I  

Lverage number 
ofyearsof . , - 

life remaining 
at beginning 01 

year of age 

(7) -______ 
e, 

65. 80 
67.73 
67.07. 
66. 23 
65. 34 

, .  64. 43 
63. 51 
62.58 
61. 63 A 

60. 68 

59.73 
58.77 
57.82 
56. 86 
55. 91 

54.97 
54. 04 
53. 11 
52.19 
51.28 

50.37 
49.46 . 
48.56 
47.66 
4G. 77 . .~ 

45.87 
44.98 
44.08 
43.19 
42.30 

41.41 
40. 53 
39. 64 
38. 76 . 
37. 88 

37.01 
36. 13 
35. 26 
34.40 - 
33.53 

32. 68 
31.82 ’ 
30.97 
30. 13 

. 29. 29 

28.46 ~- 
27. 63 a 

26.82 
26.00 
25. 20 

24.40 
23. 61 
22.83 
22.06 
21. 30 

. 
\ 
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TABLE  LIFE TABLE FOR TOTAL FEMALES IN THE UNITED STATES: 1939-1941-Continued 

YEAR OF A G E  

Period of life between two exact ages stated 

MORTALITY 
RATE 

Number dying 
per I,? ,dive 
at beginning of 

year of age 

(2) 

I,oooclz 

12.57 
13. 54 
14. 60 
15. 75 
17.00 

18.37 
19. 85 
21.47 
23.24 
25. 19 

27.36 
29. 78 
32. 50 
35.54 
38.95 

42. 74 
46.96 
51.63 
56.79 
62.43 

68. 56 
75.19 
82.33 
89.97 
98. 14 

106. 87 
116. 18 
126. 09 
136. 62 
147. 72 

159.32 
171.38 
183. 83 
196.61 
209.67 

222.96 
236. 44, 
250.05 
263.53 
276.92 

290. 19 
303. 27 
316. 13 
328.79 
341.27 

353.68 
366. 19 
379.03 
392.49 
406.91 

-422. 58 
439.78 
458.69 
479.41 
501.93 

526. 10 

OF 100,000 BORN ALIVE 

Number living 
bt beginning of 

year of age 

(3) 

I .  

78,708 
77,719 
76.667 

.--- 

75; 647 
74,357 

73,093 
71,751 
70.326 
68; 816 
67,217 

59; 823 
57,696 

47; 974 
45,250 

42, 425 
39,516 
36,545 
33,536 
30,519 

27,524 
24,582 
21,726 
18,987 
16,393 

13,972 
11,746 
9.733 
7;  943 
6,382 

5,044 
3,919 
2,992 
2,244 
1,653 

1,195 
848 
591 
404 
271 

179 
116 
73 
45 
28 

16 
9 
5 
3 
1 

1 

Number dying 
during yew 

of age 

(4) 

d i  
-__I- 

989 
1,052 - 1,120 

' 1,190 
1,264 

1,342 
1,425 
1,510 
1,599 
1,694 

1,792 
1,899 
2,009 
2,127 
2,247 

I 
2,370 
2,493 
2,612 

.2,724 
2,825 

2,909 
2,971 
3,009 
3,017 
2,995 

2,942 
2,856 
2,739 
2,594 
2,421 

2,226 
' 2,013 

1,790 
1,561 
1,338 

1,125 
927 
748 
591 
458 

347 
257 
187 
133 
92 

63 
43 
28 
17 
12 

7 
4 
2 
2 
0 

1 

STATIONARY POPULATION . 
In year of age 

( 5 )  

L. 

78,213 
77,193 
76,107 
74,952 
73,726 

72,421 
71,039 
69,571 
68,016 
66,370 

64. 627 
62: 782 
60,828 

56,573 
58,759 

54.264 
51; 833 
49,280 

43,838 
46,612 

40, 971, 
38,031 
35.041 
32: 027 
29,022 

26,053 
23, 154 

17,690 
15,182 

20,357 

12,859 
10,739 
8,838 
7,163 
5,712 

4,482 
3,456 
2,618 

1,424 
1,948 

1,022 
720 
497 
338 
225 

147 
94 
60 
36 
22 

13 
8 
4 
2 
1 

1 

In year of age and 
all later years 

1, 616,961 
I ,  538,748 
1,461,555 
1.385.448 
1; 310; 496 

1.236.770 
1; 164; 349 
1,093,310 
1,023,739 
. 955,723 

889,353 
824,726 
761,944 
701,116 
642,357 

531,520 
479,687 
430,407 
383,795 

339,957 
298, 986 
260,955 
225,914 

' 193,887 

585,784 

. 164,865 
138,812 
115,658 
95,301 
77,611 

62,429 
49,570 
38,831 

~ 29,993 
22; 830 

17,118 
12,636 
93 180 
6,562 
4,614 

2,168 

95 1 
613 

388 
241 
147 
87 
5,l 

29 
16 
8 
4 
2 

1 

3,190 

1,448 

-~ 

31 

VERAQE FUTUR,E 
LIFETIME 

bverage number 
of years of 

life remaining 
bt year beginning of age of 

20.54 
19.80 
19.06 
18.34 
17.62 

16.92 
16.23 
15.55 
14.88 
14.22 

13.57 
12.94 
12.32 
11.72 
11. 13 

10.56 
10.01 
9. 48 
8.97 
8. 48 

8. 01 
7.57 - 
7. 14 
6. 74 
6. 36 

5. 99 
5. 65 
5. 32 
5. 02 
4. 73 

4. 47 
4. 22 
3. 99 
3. 78 
3. 58 

3. 39 
3. 22 
3. 07 
2. 92 
2. 79 

2. 67 
2. 56 
2. 45 
2. 35 
2. 26 

2. 'I 7 
2. 09 
2. 00 
1. 92 
1. 83 

. 1.75 
1. 67 
1. 58 
1. 49 
1. 41 

1. 33 

NOTE.-Rates of mortality a t  ages above 87 are not based on actual statistics a t  these ages, but have been obtained by mathematical cxtrsdation from mortality rates 
younger ages. Other life table function? at  these ages are based on the extrapolated rates of mortality, and may not necessarily represent actual conditions. 
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TATILE 4.-LIFE TABLE FOR TOTAL WHITES I N  THE U N I T E D  STATES: 1939-1941 

YEAR OF A G E  IIORTALITY 
RATE OF ino.ooo RORN ALIVE VERAOE FUTURE 

LIFETIME 
STATIONARY POPUIATION 

rvrraac number 
life of remaining years of 

Bt beginning of 
year ol nge 

(7) 

Number living 
nt  begirining of 

yew of ngo 

Number dying 
durtng yenr 

Of age 

( 4 )  
-- - 

. .. . 

I n  yenr nf age and 
all later years 

(C) 

Period of Me between two exact ages stated In yenr of ago 

I ,000q. 
- 

43.15 
4. ti0 
2: 43 
1. 7G 
I.  41 

1. 24 - 1. 10 
1. 00 
. 9 2  
. 8 7  

. 85 

. 8 6  

. 89 

. 96 
1. 07 

1. 20 
I .  33 
1. 45 

-1 .  56 
I. 67 

1 .  78 
1. 88 
1. !17 
2. 03 
2. 08 

2. 12 
2. 16 
2. 23 
2. 30 
2. 39 

2. 49 

2. 73 
2. 87 
3. 03 

3. 20 
3. 40 
3. 61 
3. 85 
4. 11 

4. 41 
4. 74 
5. 11 
5. 52 
5. 97 

6. 46 
7. 00 
7. 59 
8. 22 
8. 90 

9. 64 
0. 45 
1. 32 
2. 28 
3. 31 

2. 6n 

d ,  'I c, 
- ._ - 

6 4 .  !)2 
66. 84 
(Xi. 15 
05. 31 
64. 43 

63. 52 
62. 59 
61.66 
GO. 72 
59. 78 

1, 
- -..-- - -_ _. 

100,000 
! )5 ,  685 
95,245 
!)5, 014 
94, 847 

94, 713 
94,595 
94,491 
94,397 
94,310 

94,228 
94,147 
94,066 
93,983 
93,892 

93,792 
93,679 
93,555 
93,419 
93,273 

93, 117 
92, 951 
92, 776 
92,594 
92,405 

92, 213 
92, 018 
91,819 
91, 615 
91,403 

91, 185 
90, 957 
90, 721 
00,473 
90, 214 

89,041 
89,653 
89,348 
89,026 
88,683 

88,318 
87,929 
87,513 
87,066 
86,586 

86,069 
85, 512 
84, 914 
84,260 
83, 576 

82,833 
82,034 
81,177 
80,258 
79,273 

4,315 
44 0 
231 
167 
134 

118 
104 
94 
87 
82 

81 
. 81 

83 
91 

100 

113 
124 
136 
146 
156 

1 66 
175 
7 82 
189 
192 

195 
199 
204 
212 

. 218 

228 
236 
248 
259 
273 

288 
,ti 305 

322 
343 
365 

389 
416 
447 
480 
517 

557 
598 
645 
693 
743 

799 
857 
919 

. 985 
1,055 

96,354 
95,425 
95,123 
94,927 
94,777 

94, 654 
94,543 
94,444 
94,353 
94,269 

94,187 
94,107 
94,025 
93,937 
03, 842 

03,735 
93,617 
93,487 
93,347 
03, 195 

93,034 
!)2, 864 
92,685 
02,499 
92,310 

92, 115 

91, 717 
91, 509 
91,294 

01,071 
no, 839 
90, 597 
no, 343 
00,077 

89,797 
8!), 500 
89,187 
88, 855 
88,501 

88,f23 
87, 721 
87,289 
86, 826 
86,327 

85, 791 
85, 213 
84, 591 
83,923 
83,204 

82,434 
81,605 
80, 717 
79,766 
78,745 

91, 919 

G,492,41(J 
(i,396,066 
6,300, 640 
6,205,517 
6, 110, 590 

6,015,813 
5, 921, 159 
5, 826,616 
5,732,172 
5,637,819 

5, 543,550 
5,449, 363 
5, 355,256 
5, 261, 231 
5, 167, 294 

5,073,452 
4,970, 717 
4,886, 100 
4, 792, 613 
4,699,266 

4, 600, 071 
4, 518,037 
4,420, 173 
4,327,488 
4,234,989 

4, 142,679 
4,050, 564 
3, 958, C45 
3,866,928 
3, 775, 419 

8,684, 125 
3,503,054 
3, 502,215 
3, 411, 618 
3,321,275 

3,231, 198 
3, 141, 401 
3,051,901 
2,962,714 
2,873,859 

2,785,358 
2, 697,235 
2,609, 514 
2,522,225 
2,435,399 

2, 340,072 
2,263,281 
2, 178,068 
2, 093,477 
2,009,554 

1,926,350 
1,843, 91G 
1,762,311 
1,681,594 
1,601, 828 

, 

58.83 
57. 88 . 
56. 93 
55. 98 
55.03 

54.00 
53. 16 
52.23 ' 
51. 30 
50.38 

40.47 
48. 55 
47. 64 
46. 74 
45.83 

44.92 
44.02 
43. 11  
42.21 
41.31 

40.40 
39.50 
38. 60 
37. 71 
36.82 , 

3.5. 93 
35. 04 

' 34. I6 
33.28 
32. 41 

31. 54 
30.68 
29. 82 
28. 97 ' 
28. 13 

27. 29 
26. 47 
25.65 
24. 84 
24. 04 

, 23.26 
22.48 
21. 71 
20.95 
20.21 

.' 
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LIFE TABLES 
TABLE U L LIFE TABLE FOR TOTAL WHITES .IN THE UNITED STATES: 1939-1941-Continued 

YEAR OF AGE 

Number dyiiig 
per 1.e alive 
at beginning of 

year of ago 
Pcriod of life bctwccn two exact ages stated 

14. 43 
15. 63 
16. 92 
18. 31 
19.79 

21. 40 
23. 12 
24. 99 
27.01 

' 29.22 

31. 64 
34.33 
37. 31 
40. 63 
44. 31 

48.39 
52. !XI 
57.88 
63. 36 
69. 34 

75.83 
82. 82 
90. 31 
98.32 
106. 87 

115.99 
125. 73 
136. 12 
147. 17 
158. 85 

171. 09 
183. 84 
197. 03 
210..61 
224. 53 

238.74 
.253.20 
267. 84 
282.74 
297.77 

312. 88 
328.03 
343. 18 
358. 27 
373. 27 

388. 11 
402. 76 
417. 14 
431. 21 
444.89 

458.10 
470.78 
482. 81 
494" 08 

OP 100,000 BORN A W E  

Number living 
at beginning of 

year of ago 

(3) 

I ,  

78,218 
77,089 
75, 884 
74,600 
73,235 

71,785 
70,249 
68, 625 
66, 910 
65, 103 

63,201 
61, 201 
59, 100 
56, 894 
54,583 

52, 165 
49,641 

44,294 
41; 487 

47,015 

38,610 
35, A83 
32,728 
29,772 
26,845 

23,976 
21,195 
18,530 
16,008 
13,652 

11,483 
9,519 
7,769 

. 6.238 
4; 924 

3,819 
2,907 
2,171 

1, 140 
1,589 

801. 
550 
370 
243 
156 

98 
60 
36 
21 
12 

7 
4 
2 
1 

Number dying 
during year 

of age 

(4) 

d=. 

1,129 
1,205 
1,284 
1,365 
1,450 

1,536 
1,624 
1,715 
1,807 
1,902 

2,000 
. 2,101 
2,206 
2,311 
2,418 

2, 524 
2,626 
2,721 - 2,807 
2,877 

2,927 
2,955 
2,956 
2,927 
2,869 

2,781 
2,665 
2,522 
2,356 
2, 169 

1,964 
1,750 
1,531 
1,314 
1,105 

912 
736 

449 
339 

251 
180 
127 
87 
58 

5112 

38 
24 
15 

e - 9  
5 

3 
2 
1 
1 

- 
STATIONARY POPULATION 

In year of age 

(5) 

I, 

. 77,653 
76,487 
75,242 
73, 918 
72,510 

69,437 
67, 767 
66;,007 
64,151 

62,201 
60,150 

7.1, 017 

57,997 
55,739 
53,374 

50,903 
48,328 
45,654 
42,-890 
40,049 

37,146 

31,249 
28,309 
25,410 

19,863 
17,268 
14,830 
12,568 

10,500 
8,644 
7,003 
5,581 
4,372 

3,363 
2,539 
1, 880 
1, 364 
97! 

675 
460 
306 
199 
127 

79 
48 
28 
16 
9 

5 
- - 3  

2 
1 

34,206 

22,585 

In year of age and _ all later years 

T. 

1,523,083 
1,445,430 
1,368,943 
1,293,701 
1,219,783 

1,147,273 
1,076,256 
1,006,819 
939,052 
873,045 

808,894 
746,693 
686,543 
628,546 
572,807 

519,433 
468,530 
420,202 
374,548 
331,658 

291,609 
254,463 

189,008 
160,699 

135,289 
112; 704 
92,841 

60,743 

48, 175 
37.675 
29,031 
22,028 
16,447 

12,075 
8,712 
6,173 
4,293 
2,929 

1,958 
1,283 
823 
517 
318 

191 
112 - 64 
36 
20 

11 
6 
3 
1 

.220, 257 

75,573 

33 

BRACE FUTURE 
LIFETIME - 

rerage number 
of years of 

ife remaining . beginning of 
year of age 

(7) 

8; 

19.47 
la 75 
la 04 
17.34 
16.66 

15.98 
15.32 
14.67 
14.03 
13.41 

12.80 
12.20 
11.62 
11.05 
10.49 

9. 96 
9. 44 

7. 99 

7. 55 
7. 13 
6. 73 
6. 38 
5. 99 

5. 64 

a 94 
a 46 

5. 32 
5. 01 
4. 72 
4. 45 

4. 20 
3. 96 
3. 74 
3. 53 
3. 34 

3.16 
3.00 
2. 84 
2. 70 
2. 57 

2.45. 
2. 33 
2. 23 
2. 13 
2. 04 

1. 95 

1. 62 
1. 57 
1. 53 
1: 48 

NoTE.-R&s of mortality at ages above 92 are not based on actM statistics at thosn ages, bat bcve been ohtsiued by mathematical extrapolation from mortality rates 
at younger ages. Other lifo table functions at these agesare based on tho extrepolated rates of mortality, and may not necessarily represent actual conditions. 
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TABLE 5.-hFE TABLE FOR WHlTE MALES IN THE UNITED STATES: 1939-1941 

YEAR OF AGR 

Period uf lilr h r l r c w  two exart agcs staled 

(1) 

I to z+1 

MORTALITY. 
RATE -- 

Number dying 
per 1,ooO alive 
at beginning of 

yenr of agc 

- (2) 
- 

1 ,WM* 

48.12 
4. 87 
2. 65 
1. 90 
1. 53 

1. 38 
1. 24 . 1.14 
1. 06 
1. 02 

1. 00 
1. 01 
1. 06 
1. 14 
1. 27 

1. 43 
1. 58 
1. 72 
1: 86 
I. 99 

2. 12 
2. 23 
2. 32 
2. 38 
2. 41 

.,2. 43 
2. 45 
2. 51 
2. 59 
.2. 68 

2. 79 
2. 91 
3. 06 
3. 23 
3. 42 

3. 63 
3. 87 
4. 14 
4. 43 
4. 76 

5. 13 
5. 54 
6. 00 
6. 50 
7. 06 

7. 66 
8. 33 
9. 04 
9. 81 

10.64 

11.55 
12.53 
13.60 
14.76 
16.02 

55. 14 
54.20 
53.26 

OF 1OO.wO BORN ALIVE 

Nuiiihcr living 
al. hepinning 01 

yew of ngc 

100,000 
95,188 
94,724 
94,474 
94,295 

94,150 
94,020 
93,904 
93,796 
93,697 

93,601 
93,508 
93,413 
93,314 
93,208 

93,089 
92,956 
92,809 
92,649 
92,477 

92,293 
92,098 
91,893 
91,679 

' 91,461 

91,241 
91,019 
90,796 
90,568 
90,334 

90,092 
89,841 
89,579 
89,305 
89,017 

88,713 
88,391 
88,049 
87,685 
87,296 

86,880 
86,434 
85,955 
85,440 
84,885 

84,285 
83,639 

82,193 
81,387 

80,521 
79,591 
78,594 
77,525 
76,380 

82,943 

Number dy iw  
during year 

01 age 

(4) 

4, s i 2  
464 
250 
179 
145 

130 
116 
108 
99 
96 

93 
95 
99 

I06 
119 

133 
147 
160 
172 
I84 

195 
205 
214 
218 
220 

222 
223 
228 
234 
242 

25 1 
262 
274 
288 
304 

'322 
342 
364 
389 
416 

446 
479 
515 
555 
600 

646 
696 
750 
806 
866 

930 
997 

1,069 
1, 145 
1,224 

STATIONARY POPULATION 

-- 

In year or agc 

(5 )  

L, -- 
95,913 

94,592 
94,381 
94,219 

94,085 
93.962 

64, 914. 

93: 850 
93,747 

; 93,649 

93,554 
93,460 
93, 364 
93,261 
93,148 

93,023 
92,882 
92,729 
92,563 
92,385 

92, 195 

91,785 
91, 571 
91, 351 

91, 130 
90,908 
90,682 
90,451 
90,212 

89,967 
89,709 
89,443 
89, 161 
88,865 

88, 552 
88,220 
87,567 
57,490 
87,088 

86, 657 
86, 195 
85,698 
85, 162 
84, 585 

'83, 962 
83,292 
82, 568 
81,790 
80,954 

80, 056. 
79,092 
78,059 
76,953 
75,768 

91,996' 

--___- 

In yrnr or age a u d  
all l n t ~ r  yews 

6,281, 188 
6,185,275 
6,090,361 
5,995,769 
5,901,388 

5,807,169 
5,713,084 
5,619, 122 
5,525,272 
5,431, 525 

5,337,876 
5,244, 322 
5,150, 862 
5,057,498 
4,964,237 

4,87 I ,  089 
4,778,066 
4,685, 184 
.4,592, 455 
4,499, 892 

4,407,507 
4,315,312 
4,223,316 
4, 131, 531 
4,039, 960 

3,948, 609 
3,857,479 
3,766, 571 
3,675,889 
3,585,438 

3,495,226 
3,405,259 
3,315, 550 
3,226, 107 
3, 136,946 

3,048,081 
2,959, 529 
2,871, 309 
2,783, 442 
2,695, 952 

2,608,864 
2,522, 207 
2,436, 012 
2, 350, 314 
2,265, 152 

2,180, 567 
2,096, 605 
2,013,313 
1,930,745 
I ,  848,955 

1,768,001 
1,687,945 
I ,  608,853 
1,530,794 
1,453,841 

IERAGE FUTUHE 
LIFETIME . 

/ 
wrage nunihrr 

nl years 01 
lib remnininc 
it heginning of 

yenr of age 

(7) - - - ~ -  
I ,  . 

02.81 
64.98 
64.30 
63. .46 
62.58 - 
61.68 
60.76 
59.84 
58.91 
57.97 

52.33 
51.40 
50.48 
49.57 . 
48.66 , 

47.76 
46.86 
45.96 
45.07 
44. 17 

43.28 I 

42.38 
41.48 

' 40.59 
39. 69 

38.80 
37.90 
37. 01 
36. 12 
35.24 

34.36 
3 3  48 
32.61 
31.74 
30.88 

30.03 . 
29. 18 
28.34 
27.51 
26.69 

25.87 
25.07 

. 24: 27 
23.49 
22.72 

21.96 
21.21 
20: 47 
19.75 
19.03 , 
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35 

--- 
LVEMGE FUTURE 

LIFETIME 
MORTALITY 

RATE 
TEAR OF A G E  STATIONARY POPUJATION OF 100,000 BORN ALIVE 

Nnmhrr dying 
iirr 1.MO nlivp 

at heeiiiniiig uf 
yrar of age 

(2) 

Nnnibrr living 
at heginning of 

ymr or age 

Average of years numhpr of 

life remaining 
nt beginning of 

year of age 

(7) 

Rumher dying 
dnring year 

-of age 

d ,  1;. T, 

1,305 
1,390 
1,473 
1,558 
1,643 

1,727 
1,813 
1,896 
1,981 
2,065 

2,148 
2,232 
2,315 
2,396 
2,475 

2,840 
2,618 
2,678 
2,728 
2, 762 

a, 777 
2,769 
2,735 
2,675 
2,588 

2,477 
2,341 
2,187 
2,014 
1,828 

1,631 
1,432 
1,233 
I, 042 
863 

700 
556 
432 
328 
244 

177 
126 
87 
59 
38 

26 
15 
10 
6 
4 

* 2  
1 
0 
1 

is. 34 
17. 65 
16.98 
16.32 
15. 68 

15.05 
' 14.43 
13.82 
13. 22 
12. 64 

12.07 

75,156 
73, 851 
72,461 
70, 988 
69,430 

67,787 
66,060 
64, 247 
62,351 
60,370 

58,305 
56, 157 
53, 925 
51, 610 
40,214 

46, 739 
44,190 
41, 572 
38.894 
36,166 

74,504 
73, 156 

70,209 
68,609 

66,923 
65,153 
63,299 
61,361 

71, 724. 

59,337 

1,378,073 
1,303,569 
1,230,413 
1,158,689 
1,088,480 

1,019,871 
952,948 
887,795 
824,496 
763,135 

703,798 
646,566 
591,525 
538,758 
488,346 

440,370 
394,905 
352,024 
311,791 
274,261 

239,477 
207,461 
178,218 
151,728 
127,942 

106,787 
88,166 
71,953 
58,005 
46,157 

36,230 
28,032 
21,367 
16,033 
11,838 

8,594 
6,133 
4,299 
2,959 
1,999 

1,325 
86 1 
54 9 
344 
21 1 

127 
75 
43 
25 
14 

8 
4 

17. 37 
18. 81 
20. 34 
21. 95 
23. 66 

25. 48 
27. 43 
29. 52 
31. 77 
34; 20 

36.85 
39.75 
42. 93 

. 46.43 
50. 28 

54. 54 
59. 24 
64. 43 
70. 14 
76.37 

83. 13 
90.40 
98.18 
106. 47 
115. 30 

124. 71 
134. 72 
145. 37 
156. 68 
168. 59 

181. 04' 
193. 95 
207. 27 
220.91 
234. 82 

57,232 
55,041 
52,767 
50,412 
47,976 

45,466 
42,881 
40,233 

34,784 

32,016 
29,243 
26,490 
23,786 
21,155 

18,621 
16,213 
13,948 
11,848 
9,927 

8,198 
6,665 
5,334 
4,195 
3,244 

25 461 
1,834 
1,340 
960 
674 

464 
312 
205 
133 
84 

52 
32 
18 
11 
6 

37,530 

11. Si 
10.97 
10.44 
9. 92 

I). 42 
8. 94 
8. 47 
8. 02 
7. 58 

7. 17 
6. 77 
6. 40 
6. 04 
5. 70 

5. 38 
5. 07 
4. 78 
4. 51 
4. 26 

33,404 
30,627 

' 27,858 
25, 123 
22,448 

19,860 
17,383 
15,042 
12,855 
10,841 

9,013 
7,382 
5,950 
4,717 
3,675 

2,812 
2.112 

4. 02 
3. 80 
3. 59 
3. 40 
3. 22 

3. 06 
2. 90 
2. 76 
2. 63 
2. 51 

2. 40 
2. 30 
2. 20 

248. 94 
263. 22 
277. 60 
292.02 
306.42 

320. 76' 
334. 96 
348. 98 
362. 75 
376. 23 

1; 556 
1,124 
796 

' 552 
375 
24 9 
162 
103 

65 
3 Y 
24 

' 14 
8 

- 4  
2 
1 
1 

. 2.12 
2. 04 

1. 96 
1. 90 
1. 84 
1. 78 
1. 73 

389. 35 
402. 05 
414. 29 
425. 99 
437.12 

447. 60 
457.38 
466. 40 
474. 62 

1. 68 
1. 64 
1. 61 
1. 57 

4 
2 
1 
1 

2 
1 

NoTE.-R&s of mortality at ages above 92 are not based on actual statistics at these ages, but have been obrained by mathematical extrapolation from mortality rates 
Other lifr table functions at these agrs are based on the extrapolated rates of mortality, and may not necessarily represent actual conditions. at younger ages 
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TABLE 6.-LIFE TABLIC FOR WHITE l7Eh1ALES IN THE UNITED STATES: 1939-1941 

YEAR OC AGE 

' Period of life hetween twa exact aacs stated 

37.89 
4. 32 
2. 20 
1. 61 
1. 28 

1. 10 
. 96  
. 85  
.77 . 72 

.70 

. 70 

.72  

.77  

.86  

. !lfi 
1. 07 
1. 17 
1. 26 
1, 3fi 

1 .  45 
1. '54 
I .  62 
1. 70 
1. 76 

.l. 82 
1. 88 
1. 95 
2. 03 
2. 11 

2. 20 
2. 30 
2. 40 
2. 52 
2. 64 

2. 78 
2. 92 
3. 09 
3. 26 
3. 46 

3. 68 
3. 93 
4. 20 
4. 51 
4. 85 

5. 23 
. 5. 64 

6. 08 
6. 55 
7. 06 

7. Ga 
8. 22 
a 88 
9. 61 

10.40 

c 

Numbcr living 
at beginning of 

year of age 

(3) 

I* 

100,000 
96,211 
95, 796 
95,585 
95,431 

95,309 
95,203 

95,032 
95,112 

94,958 

94,890 

94,758 
94,824 

94,689 
94,616 

94,534 
94, 433 
94,342 
94,  231 
94, 112 

93, !)84 
!13! 848 
93,703 
!)3, 551 
93,392 

93,059 
92,884 
92,703 
92,515 

92,320 
92,116 
91,904 
91, 684 
91,453 

93,228 

91,211 
no, 958 

1 90,692 
90,412 
90.117 

89,805 
89,475 
89,123 
88,749 
88.349 

87,920 
87,460 
86, 967 
86,439 
85,873 

S.5,- 267 
81, 617 
83, 922 
83, 176 
82,377 

Number dying 
during yenr 

of we 

3,789 
41 5 
21 1 
,154 
122 

106 
91 
80 
74 
68 

66 
66 
69 
73 
82 

. 91 
101 
111 
119 
I28 

136 
145 
152 
I59 
164 

169 
175 
181 
188 
195 

204 
212 

23 1 
242 

253 
266 
280 
295 
312 

330 
352 
374 
400 
429 

460 
4 93 
528 
566 
(;of; 

050 
(i95 
746 
799 
857 

220 

STATIOKABY. 1'OPVIATION 

~- 

hi  yvar of age 

(5)  

L, 

96,822 
95,966 
95,684 
95, 505 
95,367 

. 95, 256 
95,158 
95,072 
94,995 
94,924 

94,857 
94, 791 
94,723 
94, 653 

94, 489 
94, 392 
!)4, 287 
94, 172 

94,576 

94, 048 

93,916 
93,776 
93, 627 
93,472 
93,310 

93, 144 
92,972 
92,793 
92, 610 
92,'417 

92,010 

91,568 
91,332 

91,085 
90, 825 
90, 552 
90, 265 
89, 9Gl. 

89, 640 
89,299 
88,936 

88, 134 

87, 690 
87,214 
86,703 
86, 156 
RS, 570 

92,218 

91,794 

88,549 

84, 942 
84,269 
83, 549 
82,777 
81,948 

In yenr of nge and 
n11 1atcr.year.s 

(6) 

l . x  

6,728, 965 
6,632, 143 
6,536, 177 
6,440,493 
6,344,988 

6,249,621 
6,154,365 
6,059, 207 
5,964, 135 
5,869, 140 

5,774,216 
5,679,359 
5,584,568 
5,489, 845 
5,395,192 

5,300, 617 
5,208, 128 
5,111,736 
5,017, 449 
4,923,277 

4, 829, 229 
4,735, 313 
4,641, 537 
4,547,910 
4,454,438 

4,361, 128 
4, 267, 984 
4,175, 012 
4,082, 219 
3,989, 609 

3, 897, 192 
3. 804, 974 
3. 712, 904 
3.621, 170 
3,529, 602 

3.438, 270 
3,347, 185 
3, 256, 360 
3, 165, 808 

' 3,075,543 

2, 985, 582 
2,895,942 
2,806,643 
2,717,' 707 
2,629, 158 

2,541,024 
2,453,334 
2,366,120 
2, 279, ,417 
2, l!U, 361 

2, 107, W I  
2, 022, 749 
I ,  938, 480 
I ,  854,93 1 
1, 772, 154 

-____ .. 

BERAGE FUTURE 
LIFETiM E 

ivirage number 
of years of 

life remaining 
at  beginning of 
year of nge 

0 

. 

67.29 
68.93 
68.23 
67.38 
66. -49 

65.57 
64. 64 
63. 71 
62.76 
61.81 

60.85 
59.89 ' 

58.94 
57.98 
57.02 

56. 07 . 
*55. 12 
51.18 
53.25 
52.31 

61.35 
50.46 
40. 53 
48. 61 
47. 70 

46.78 
45.86 
44. 95 
44.04 
43.12 

42. 21 
41. 31 

39. 50 
38.59 . 

37. 70 
36.80 ,  . 
3.5. 91 , 
35.02 
34. 13 

33.25 
32.37 
31. 49 
30. 62 
29. 76 

28.90 
28. 05 - 
27.21 
20.37 
25. 54 

24. 73 
23. 90 
23. 10 
22. 30 
21. 51 

40.40 
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TABLE  LI LIFE TABLE FOR WHITE FEMALES IN THE UNITED STATES: 1939-1941-Contiirued 

LlORTALJTP 
RATE OP 100,ooO BORN ALIVE LVERACE FUTURE 

LIFETIME 
YEAR OF AGE 

7 

BTATIONARY POPUUTION 

Numberd ing 
per 1,?0 a L  
at beginning of 

peal of age 

(2) 

Average numbcr 
of years of 

life remai.ning 
at beginnmg of 

yearof ago , 

(7) 

Numher living 
at beginning of 
year of ago 

(3) 

Numher dying 
during year 

of ago 
In year of age nnd 

all later years Pariod of lib betwccn two exact agcs stated In yen; of ago 

(4) 

L, E. 

11. 28 81, 520 
80,601 
79,614 
78,555 
77,419 

76,200 
74,894 
73,495 
72,000 
70,404 

919 
987 

1,059 
1, 136 
1, 219 

1,306 
1,399 
1,495 
1,596 
1, 703 

, 81,060 
80,108 
79,084 
77,987 
76,809 

75,547 
74,195 
72,748 
71,202 
69,552 

67,793 
65,918 
63,920 
61,791 
59,.529 

57,128 
54,588 
51,911 
49,104 
46,177 

43,146 
40,032 
36,862 
33,664 
30,472 

27,320 
24,240 
21,267 

15,772 

13,306 
11,061 
9,051 
7,284 
5,762 

4,475 
. 3,411 

2,548 
1, 866 
1,338 

938 
643 
430 
282 
180 

111 
68 
40 
24 
12 

7 
4 

- 2  
1 
1 

18,435 

I ,  690, 206 
I ,  609, 146 
1,520,038 

1,371,967 

1,295,158 
1,219,611 
-1, 145,416 
1,072,668 

* 1,001,466 

931,914 
864,121 
798,203 
734,283 
672, .492 

612,963 
555, 83.5 
501,247 
449,336 
400, 232 

354,055 
310, not, 
270, 877 
234,015 
200,351 

169,879 
142,559 
118,319 
97,052 
78,617 

62,845 
49,539 
38,478 
29,427 
22,143 

16,381 
11,906 
8, 4!)5 
5,947 
4,081 

1,449, 954 

20. 73 
19. 96 
19.21 
18. 46 
17. 72 

. 12.24 
13.30 
14. 46 
15.74 

17. 14 
18.67 
20. 35 
22. 17 
24. 19 

17.00 
16. 28 
15. 58 
14.90 
14.22 

13. 56 
12. 92 
12.29 
11.68 
11.08 

9. 94 
.9.41 
8. 89 
8. 40 

7. 92 
7. 47 
7. 04 
6. 64 
6. 25 

5. 88 
5. 53 
5. 21 
4. 90 
4. 61 

4. 34 
4. 09 
3. 85 
3. 63 
3. 43 

3. 24 
3. 06 
2. 90 
2. 75 
2. 61 - 

2. 47 
2.35 . 
2. 24 
2. 14 
2. 04 

1. 95 
1. 87 
1. 7!) 
1. 72 
I. 65 

1. 5!) 
1. 53 
1. 47 
1. 42 
1. 37 

io. 50 

68, 701 
66,885 
64,950 
62,889 
60,695 

58,363 
55, 803 
53,283 
50,539 
47, 609 

44,685 
41,607 
38,458 
35,266 
32> 063 

1, 816 
1,935 
2,061 
2,194 
2,332 

2,470 
2,610 
2, 744 
2,870 
2,984 

3,078 
3,149 

/3,192 
3,203 
3,181 

3,125 
3,034 
2,911 
2, 755 
2,570 

2,361 
2,131 

1,644 
I ,  401 

1, 889 

26.43 
28.93 
31.74 
34.89 
38.41 

42.33 
46. 69 
51.50 
56. 80 
62. 59 

68. 89 
75. 69 
83.00 
90. 83 
99.21 

108. 19 
117. 80 
128. 09 
139.06 
150. 70 

162. 94 
176. 73 
189.02 
202.76 
216. 90 

231. 41 
. 246. 24 

261. 36 
276. 71 
292.26 

307. 96 
’ 323. 79 

339. 68 
- 355. 61 

371. 52 

387.39 
403. 16 
418. 80 
434. 27 
449. 51 

464. 50 
470. 19 
493. 53 
507. 50 
521. 04 

28, 882 
25,757 
22, 723 
19,812 
17,057 

14,487 
12,126 
9,995 
8,106 
6,462 

5,061 
3,890 
2, 932 
2.166 
1,566 

1,109 
767 
519 
343 
22 1 

139 
85 
51 
29 
17 

!I 
5 

- 3  
1 
1 

1, 171 
958 

. 766 
600 
457 

342 
248 
176 

2,743 
- 1. 805 

1,162 
732 
450 

270 
169 

9 1 - 51 
27 

15 
8 
.i 

122 
82 

54 
34 
22. 
12 
8 

4 
2 
2 
0 
1 

2 
1 

No?e.--Ratrs of morlality nt aErs ahow {I2 arr nnl hawd on nrtusl s1at.istic-s nt. t.hrw sgrs, but. haw bern ohlained hy mathematical rxtrapolation mortolity rates 
aJ. younger ages. Other life table funct,ions at lhese ages are hased on the extrapolated rates of mortality. and may not nrccwarlly reprrent actual conditions. 
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TABLE' 7.-LIFE TABLE FOR T O T A L  NEGROES IN 1 H I  UNITED STATES: 1939-1941 

OF ioo.no0 BORN ALIVE LITATIONARY POPULATION VERAGE FUTURE 
LIFETII E 

____-- -- _A 
Number living 
HI. hegiiming of 

year of H ~ C  

4vernge number 
of years of 

life remaining 
ut beginning nf . 

yrnr of w e  

(7) 

k, 

Niimber dying 
during yrnr 

of RIt?  

In year of age and 
nll later yenrs 

T, -_ 
5,385,044 
5.291.084 

74. 16 
8. 67 
4. 02 
2. 58 
2. 12 

1. 80 
1. 55 
1. 35 
1. 22 
1. 17 

1. 20 
1. 32 
1. 54 
1. 88 
2. 36 

2. 91 
3. 47 
3. 97 
4. 44 
4. 91 

5. 37 
5. 78 
6. 14 
6. 40 
6. 60 

6. 76 
6. 93 
7. 14 
7. 40 
7. 68 

7. 97 
8. 30 
8. 66 
9. 05 
9. 48 

9. 94 
10.42 
10.93 
11.46 
12.04 

12.68 
13.40 
14. 21 
15. 15 
16.18 

17. 30 
18.49 
19.73 
21.00 
22. 31 

23.65 
25.01 
26.40 
27.80 
29.21 

100,000 
92,584 
91,781 
91,413 
91,176 

90,983 
90,819 
90,679 
90,556 
90,445 

90,339 
90,230 
90, 111 
89,972 
89,803 

89,591 
89,330 
89,020 
88,666 
88,273 

87,839 
87,367 
86,862 
86,329 
85, 776 

85,210 
84,634 
84,048 
83,448 
82,830 

82,194 
81,539 
80,862 
80, 162 
79,437 

78,683 
77;902 

76,248 

74,466 
73,522 
72,537 
71,506 
70,423 

69,284 
68,085 
G6, 826 
65,508 
64,132 

' 62,702 
61,219 
59,687 
58,112 
56,496 

77,090 

75,374 

7,416 
803 
368 
237 
193 

164 
140 
123 
111 
106 

109 
119 
139 
169 
212 

261 
310 
354 

434 

472 
505 
533 

. 553 
566 

576 
' 586 

600 
618 
636 

'393 

93,960 
92, 110 
91,586 
91,290 
91,076 

90, 901' 
90,749 
90,617 
90, 501 
90,392 

90,284 
90,171 
90,041 
89,888 
89,696 

89,461 
89, 175 
88, 843 
88,470 
88,055 

87, -603 
87, 115 
86, 595 

. 86, 052 
85,493 

53.85 
57. 15 
56. 65 
55.87 

. 55.02 

5; 198; 974 
. 5; 107,388 

5,016,098 

4,925,022 
4,834, 121 
4,743, 372 
4,652, 755 
4,562,254 

54. 13 
53. 23 
52. 31 
51. 38 
50. 44 

4,471,862 
4,381, 578 
4,291,407 
4,201,366 
4,111,478 

49. 50 
48. 56 
47.62 
46. 70 
45. 78 

44.02 
43. 17 
42. 34 
41.53 

39.95 
39. 18 
38. 42 
37. 66 

36.91 
36. 16 

- 35. 40 
34. 66 

. 33.91 

33. 17 
32.43 

' 31. 70 
30. 97 
30. 25 

29. 53 
28. 83 
28. 12 
27.43 
26. 74 

26. 06 
25. 39 
24. 73 ' 

24: 08 
23.44 

22.82 
22. 21 
21.62 
31. 04 
20. 48 

19. 94 
19. 41 
18.90 
18.39 
17. 91 

-44. 89 ' 

40.73 

4,021, 782 
3,932, 321 
3,843,146 
3,754, 303 
3,665,833 

3,490, 175 
3,403, 060 
3,316, 465 
3,230,413 

3,144, 920 
3,059, 998 
2,975,657 

2,808, 771 

2,726, 259 
2,644, 392 
2,563, I91 
2,482, 679 
2,402,880 

2,323,820 
2,245, 527 
2,168, 031 
2,091, 362 
2,015, 552 

1,866, 638 
I ,  793, 609 
1,721,587 
1,650, 623 

1, 580, 770 

I ,  378, 462 
1,313, 642 

3,577, 778 

2,891,910 

1,940; 632 

1,512,086 
1, 1-14, 62!) 

84,922 
84,341 
83,747 
83, 139 
82,512 

81,867 
81,201 
80, 512 
79,799 
79,060 

78,293 
77,496 

. 76, 669 
75,810 
74,920 

73,994 
73, 029 
72,022 
70,964 
69,853 

08,685 
G7,456 
G6, 167 
64, 820 
63,417 

61,960 
GO, 453 
58,900 
57,304 
55, 670 

655 
677 
700 
725 
754 

781 
812 
842 
874 
908 

944 
985 

1,031 
1,083 
1, 139 

1, 199 
1, 259 
I ,  318 
1, 376 
I ,  430 

1,483 
1,532 
1,575 
1, 616 
1,650 

I ,  250, 225 
I ,  188, 265 
1,127, 812 
1,068,912 

.1,011,608 
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LVERAOE FUTURE 
LIFETIME _ _ ~  

MORTAIJTY 
RATE OF 100,000 BORN ALIVE STATIONARY 1'OPIII.ATION 

Niiinhvr iiving 
HI. heginning of 

yiwr of age 

Average numbrr 
of years of 

life remaining 
at. beginning of 

year of age 

(7) 

k. 
-- --- 

Niimber dying 
per 1.000 alivr 
01. heginning or 

year of age 

(2) 

1,0009z 

Niimhrr dyiiic 
diiring yenr 

or age 

(4) 

T, 2 l O Z + l  

30. 60 
31. 96 
33. 28 
34. 54 
35.77 

37.00 
38. 25 
39. 56 
40. 95 
42.43 

44. 00 
45. 67 
47.44 
49.34 
51. 41 

53. 71 
56. 32 
59. 29 
62. 68 
66. 43 

70.49 
74. 81 
79. 31 
83. 95 
88. 72 

93. 61 
98. 61 

103. 71 
108. 93 
114. 34 

120.01 
126.03 
132. 48 
139. 51 
147. 12 

155.38 
164. 37 
174. 14 
184.70 
196. 19 

208. 68 
222.22 
236.85 
252. 63 
269. 58 

287. 75 
307. 15 
327. 79 
349.68 
372. ,80 

397. 13 
422. 63 
449. 24 
476. 94 
505. 68 

535. 48 
566. 42 
598. 66 

54,846 
53,167 
51,468 
49,755 
48,037 

46,318 
44,604 
42,898 
41,201 
39,514 

37,838 
36,173 
34,521 
32,883 
31,261 

29,654 
28,061 
26,481 
24, 911 
23,349 

21, 798 
20,262 
18,746 
17,259 
15,810 

14,408 
13,059 
11, 771 
10,550 
9,401 

8,326 
7,327 
6,404 
5,555 
4,780 

4,077 
3,443 
2,877 
2,376 
1,937 

1,557 
1,232 

959 
73 1 
547 

1,679 
1,699 
1,713 
1,718 
1,719 

1,714 
1,706 
1,697 
1,637 
1,676 

1,665 
1,652 
1,638 
1,622 
€, 607 

1,593 
1,580 
1,570 
1,562 
I ,  551 

I ,  536 
I ,  516 
1,487 
1,449 
1,402 

1,349 
1,288 
1,221 
1, 149 
1,075 

999 
923 
849 
775 m 
634 
566 
50 1 
439 
380 

325 
273 

'228 
184 
148 

115 
87 
65 
46 
32 

21 
14 
9 
5 
2 

2 
0 
1 

54,007 
52,318 
50, 611 
48,896 
47, 178 

45,461 
43,751 
42,050 
40,358 
38,,675 

37,006 
35,347 
33,702 
32,072 
30,457 

28,858 
27,271 
25,695 
24,130 
22,574 

21,030 
19,504 
18,002 
16,535 
15,109 

13,733 
12,415 
11,161 
9,976 
8,864 

7,826 
6,865 
5,980 
5,167 
4,429 

3, '760 
3,161 
2,627 
2,156 
1,748 

1,395 
1,095 

845 
639 
473 

342 
241 
165 
109 
70 

43 
26 
15 
8 
4 

2 
0 
1 

955,938 
901, 931 
849,613 
799,002 
750, ro6 

17.43 
16. 96 
16. 51 
16.06 
15. 62 

15. 18 
14. 74 
14. 31 
13. 87 
13. 45 

13.02 
12. 60 
12. 17 
11. 76 
11.34 

10.03 
10. 52 
IO. 12 
9. 72 
9. 34 

8. 97 
8. 61 
8. 27 
7. 94 
7. 62 

7. 31 
7. 01 
6. 73 
6. 45 
6. 18 

5. 91 
5. 65 
5. 39 
5. 13 
4. 89 

4. 64 
4. 40 
4. 17 
3. 95 
3. 73 

3. 51 
,3.31 
3. 11 
2. 92 
2. 74 

2. 57 
2. 40 
2. 25 
2. 10 
1. 9ti 

1. 83 
1. 71 
1. 59 
1. 49 
1. 38 

1. 29 
1. 20 
1. 10 

702, 928 
657,467 

' 613.716 
I 

--- 
ined by mather 

571; 666 
. 531,308 

492,633 
455,627 
420,280 

354,506 
-386, 578 

324,049 
295, 191 
267,920 
242,225 
218,005 

195,521 
174,491 
154,987 
136, 985 
120,450 

105,341 
91,608 
79,193 
68,032 
58,056 

49,192 
41, 366 
34,501 
28, 521 
23,354 

18,925 
15,165 
12,004 
9,377 
7,221 

5,473 
4,078 
2, 983 
2,138 
1,499 

1,026 
684 
443 
278 
169 

99 
56 
30 
15 
7- 

I 

r 

i 

I 

i 

399 
284 
197 
132 
86 

54 
33 
I0 
10 
5 

3 
1 
1 

3 
I 
I 

. _.-__ 
ti- at thase age! 
aDolated rates 01 

_. . . . . - - _._-- -_ 
NOTE.--Ratm of mortality a t  ages above 87 arc dot b ,d on actual sta 

at yonnger ages. Other life table functions a t  these ages are based on the e 

.- 
)ut have been ot 
iortality, and may not 

icalexfGapolation from m o r t a ~ y  rat- 
resent actual conditions. 
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TABLE 8.-LIFE TABLE FOR N E G R O  MALES I N  T H E  U N I T E D  STATES: 1939-1941 

Y E A R  OF AGE 

Period of lifc between two exact ages st,al,ed 

MORTALITY 
RATE 

Number dying 
prr 1 ,!lo0 alivr 
a t  brginning of 

year of ago 

82.28 

4. 32 
2. 69 
2. 16 

1. 86 
1. 63 
1. 47 
1. 37 
1. 34 

1. 38 
1. 49 
1. 67 
1. 94 
2. 31 

2. 74 

3. 69 
4. 22 
4. 83 

5. 44 
6. 02 

6. 85 
7. I 1  

7. 33 
7. 54 
7. 80 
8. 10 
8. 40 

8. 72 
9. OF 
9. 43 
9. 83 

10. 25 

10.71 
11.21 
11.74 
12. 30 
12. 93 

13. 62 
14. 40 

' 15. 28 
16. 29 
17. 40 

18.59 
19. 86 
21.18 
22.55 
23.94 

25. :ici 
26.79 
28.23 
29. 66 
31. 08 

9. 37 

3. 2n 

(i. 5n 

OF 1 0 0 , 0 0 0  BORN ALIVE 

Nnmhw living 
al. heginning of 

year of ngc 

1 no, nno 
91, 772 
90,912 
90, 520 
90,276 

90,082 
89,914 
89,767 
89,635 
89,512 

89,393 
89,270 
89, 137 
88,988 
88,815 

88; 610 
88,368 
88,085 
87,760 
87,389 

86,968 
86,494 
85,974 
85, 416 
84, 831 

84, 227 
83, 610 

82,332 
81, 665 

80, 979 
SO, 273 
79,545 
78,796 
78,021 

77,221 
76,394 

73,733 

82,979 

75, 538 
74, 651 

72,780 
71,788 
70,755 
69,673 
68,538 

. 67. 346 
66: 094 
64,7S1 
63, 400 
( j  I, 979 

(io, ,195 
58, 961 
57,382 
55,762 
54,108 

Niiml>er dying 
diri ing yrnr 

or wc 

8,228 
860 
392 
244 
194 

168 
147 
132 
123 
119 

123 
133 
149 
173 
205 

242 
283 
325 
371 
421 

474 

558 
585 
604 

617 
63 1 
647 
667 
686 

706 
728 
749 
775 
800 

827 
856 
887 
918 
953 

992 
1,033 
1,082 
1, 135 
1,192 

I ,  252 
1 ,  313 
1,372 
I, 430 
1,384 

-520 

1,534 
1, 579 
I ,  620 
1, 654 
1, 682 

STATIONARY POPULATION 

c. 

93, 282 
91, 265 

90, 175 

89,998 
89,841 
89,701 
89,573 
89,453 

90, 704 
90,303 

. 89,331 
89, 204 
89, 062 
88,902 
88,713 

88,489 
88,226 
87,922 
87,575 
87, 170 

S.5; 123 
84, 529 

83,919 
83, 294 
82, 656 
81,999 
81, 322 

80,625 
79,910 
79, 170 
78,408 
77,622 

76, 807. 
75,966 
75,095 
74,191 
73,256 

72,284 
71,272 
70,214 
69, 106 
67,942 

66, 721 
65,437 
64, 096 
62, 694 
(i I ,  237 

69,7PS 
58, 172 
56, 571 
54,935 
53.267 

---- 

In ycnr nf age and 
all later years 

T. 
V I  

5,225,657 
5, 132, 375 

4,950,406 
4, 860,013 

5,041, i i n  

4,769,838 
4, 679, 840 
4,589,999 
4,500, 298 
4,410, 725 

4,321, 272 
4,231, 941 
4, 142, 737 
4, 053, 675 
3,964,773 

3,876,060 
3, 787, 571 
3,699,345 
3, 61 1, 423 
3, 523, 848 

3, 436, 660 
3,349,038 
3, 263, 704 
3,178, on9 
3,092,886 

3,008, 357 
2,924,438 
2, 841, 144 
2,758,488 
2, 676, 489 

2, 545, 167 
2, 514, 542 
2,434, 632 
2, 355, 462 
2, 277, 064 

2, l9h, 432 
2, 122, 625 
2,04G, 650 

1,897,373 

I ,  824, 117 
1, 751, 833 
1, 680, 5Gl 
1,610,347 
1, 541, 241 

I ,  473, 209 
1, 406, 578 
I ,  3 4 1 , 1 4 1  
1 ,  277,045 
1 ,  214, 3.51 

1,971, 564 

1 ,  163, 11.4 
I ,  '093,386 
I ,  (!35, 214 
' '978,643 

923,708 

BERAOE FIJTURE 
LIFETIME 

4veragc number 
of years of 

lire remaining 
at  hrginning or 

yrnrof ago 

(7) 

E, _-- 
52. 26 
55.93 
55.45 
54. 69 

52.95 
52. 0.5 
51. 13 
50. 21 
49.28 

45.34 
47. 41 
46. 48 
45.55 
44. 64 

43.74 
42. 86 
42. 00 
41. 15 
10. 32 

39. -52 
38. 73 
37.96 
37.21 
36.46 

35. 72 
34. 98 
34. 24 
33. 50 
32. 77 

32.05 
31. 32 
30. 61 
29.89 
29. 19 

28.48 
27. 79 
27.09 
26. 41 
25.73 

25.06 
24. 40 
23. 75 
23. 11 
22.49 

21. 88 
21.28 
20. 70 
PO. 14 
]!I. .;9 

I !k o(; 
IS. 54 
18. 04 
17. 55 
17. 07 

. 53.83 

\ 
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Y E A R O F A G E  . 

reriod of life between two exact ages stated 

(1) 
-.__-_-I - _ _ _ ~  

, 

MORTALITY 
RATE 

year of age 

(2) 

LIFE TABLES 
TABLE &-LIFE TABLE FOR NEGRO MALES IN THE UNITED STATES: 1939-1941-Continued 

32.48 
33.86 
35.20 
36.50 
37.79 

39.10 
40.45 
41.89 
43.43 
45.08 

46.85 
48.75 
50.77 
52.94 
55.32 

57.99 
-61. 04 
64.55 
68.57 
73.09 

78.03 
83.36 
89.02 
94.95 
101.07 

107.30 
113.53 
119.69 
125.73 
131.73 

137. 83 
144. 15 
150.83 
157.99 
165.74 

179 17 
183.40 
193. 52 
204.63 
216.85 

230.27 
245.00 
261. 13 
278 77 
298 02 

319.00 
341.78 
366.49 

422.08 

453.17 
486.58 
522.44 
560.82 
601.85 

393. 22, 

'OF 100,ooO RORN AIJVK 

Number living 
at beginning of 

year of age 

(3) 

1. 

52, 426 
50,723 
49,006 
47,281 
45,555 

43,833 
42, 119 
40,415 
38, 722 
37,041 

35,371 
33,714 
32,070 
30,442 
28,831 

27,236 
25,656 
24,090 
22,535 
20,990 

19,456 
. . 17,938 

16,442 
14,979 
13,556 

12,186 
10,879 
9,644 

. 8,489 
7,422 

6,444 
5,556 

4,038 
3,400 

2, 836 
2,342 . 1,913 

. 1,543 
- 1,227 

961 
740 
558 
413 
298 

209 
142 
94 
59 
36 

21 
11 
6 
3 
1 

4,755 

\ .  

Number dying 
during year 

of age 

(4) 

d ,  - 
1, 703 
1, 717 
1,725 
1,726 
1,722 

I, 714 
1, 704 
1,693 
1,681 
1,670 

1,657 
I, 644 
I, 628 
1,611 
1,595 

1,580 
1, 566 
1,555 
1,545 
1,534 

1,518 
1,496 
1,*463 
1,423 
1,370 

1,307 
1,235 
1, 155 
1,067 
978 

888 
801 
717 
638 
564 

494 
429 
370 
316 
266 

221 
182 
145 
115 
89 

67 
48 
35 
23 
15 

10 
5 
3 
2 
1 

STATIONARY POPULATION 

In year of age 

(5) 

L. 

51,576 
49,865 
48,143 
46,417 
44,694 

42,976 
41,268 
39,569 
37,881 
36,206 

34,543 
32,892 
31,256 
29,636 
28,033 

26,446 
24,874 
23,312 
21,763 
20, 223 

18,696 

15,711 
14,267 
12,871 

11,533 
10,261 
9,067 
7,955 
6,933 

6,001 
5,155 
4,397 
3,719 
3,118 

2,589 
2,128 
1, .728 
1, 384 
1,094 

851 
649 
485 
355 
254 

, 175 
118 
77 
47 
29 

16 
8 

. 5  
2 
1 

17, ,190 

In ear of age and 
a71 later years 

(6) 

c 

870,441 
818,866 
769,001 
720,858 
674,441 

629, 747 

545,503 
505,934 
468,053 

431,847 
397,304 
364,412 
333, 156 
303,520 

275,487 
249,045 
224, 167 
200,855 
179,092 

158,869 
140, 173 

107,272 
93, 005 

80, 134 
68,601 
58,340 
49,273 
41,318 

34,385 
28,384 
23,229 
18,832 
15,113 

11,995 
9,406 
7,278 
5,550 
4, 166 

3,072 
2,221 
1,572 
I, 087 
732 

- . 478 
303 
165 
108 
61 

32 
16 
8 
3 
1 

-586,771 

122,983 

41 

V E R A C B ~ T U R E  
LIFETIMK 

yeir of a 6  

(7) 

e. 
-----I-- 

' 16. 60 
16. 14 

15.25 
14.81 

14.37 
.13. 93 

. 15.69 

13.50 
13.07 . 
12.64 

12.21 
11. 78 
11.36 
10.94 
10.53 

10. 11 
9. 71 
9.31 - 
8.53 
a 91 

8. 17 
' 7.81 

7. 48 
7. 16 
6.86 

6.58 
6. 31 
6.05 
5. 80 
5. 57 

5. 34 
5.11 
4.89 
4. 66 
4.45 

4. 23 
4.02 
3.80 
3. 60 
3. 39 

3. 20 
3. 00 
2. 82 
2. 63 
2. 46 

2. 29 

1. 97 
1. 83 

- 2.13~ 

1. 69 

1. 56 
1. 43 
1. 31 
1. 20 
1. 10 

NoTE.-Rates of mortality at ages above 92 am not based ou actual statktfcs at these ages. but nave been obtained by mathernaticnl extrapolation from mortality rates 
at Younger ages. Other life table fnnctlom at them ages 81'8 based on the extrapolated rates of mortallty, and may not newularliy represent actual mnditbns. 
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42 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 
TABLE  LIFE TABLE FOR NEQRO FEMALES IN THE UNITED STATES: 1939-1941 

I .  

M OBTAI.lT1 
RkTE 

8 
OF 100,OW BORN Al.1VE STATIONARY POPULATION .VPRA.CE FUTURE 

LIFETIME 
YEAR OF AGE 

I , 
I___-- -- 

Number dying 
per 1,poO alive 
at beginning of 

year of age 

h'umber dying 
during year 

of age 

Average number . 
of years of 

life remaining 
at beginning of 

year of age 

(7) 

t .  
~ -___ 
55.56 
58.40 

Number living 
at beginning of 

year of age 
In year of age and 

all later years Period of life between two exact ages stated In year of age 

. 1, 
.-.-____ 

5,556,051 
5,461,394 
5,368,417 
5,275,928 
5,183,720 

5.091.721 

65.84 
7. 96 
3. 72 
2. 48 
2. 09 

1. 75 
1. 46 
1; 23 
1. 08 

, 1.01 

1. 04 
1. 16 
1. 40 
1. 82 
2. 41 

3. 07 
3. 71 
4. 24 
4. 65 
5. 01 

100; 000 
93,416 
92,672 
92,327 
92,099 

0, 584 
744 
345 
228 
193 

160 
134 
113 
99 
92 

95 
' 106 

128 
166 
219 

278 
335 . 381 
417 
447 

472 
494 
512 
525 
535 

540 
548 
559 
575 
592 

611' 
632 
656, 
682 
711 

740 
771 
801 
832 
864 

898 
937 
980 

1,029 
I ,  083 

I ,  140 
1,198 

' 1,255 
I, 312 
1,367 

1,419 
1,469 
1, 517 
1, 563 
2 ,  603 

94,657 
92,977 
92,489 
Y 2,208 
91,999 

,91,826 
91,679 
91,556 
91,450 
91,354 

91,260 
91, 160 
91,042 - 90,896 
90,704 

91,906 
' 91,746 
91,612 
91,499 
91,400 

. 91,308 
91,213 
91, 107 
90,979 
90,813 

90,594 
90,316 
89,981 
89,600 
89,183 

88,736 
88,264 
87,770 
87,258 
86,733 

86,198 
85,658 
85,110 
84,551 
83,976 

83,384 
82,773 
82,141 
81,485 
80, 803 

80,092 
79,352 
78,581 
77,780 
76,948 

76,084 
75,186 
74,249 
73,269 
72,240 

55.40 
54. 50 
53. 58 . '- 
52. 64 ,. 
51. 70 

4; 999; 895 
4,908,216 
4,816, 660 
4,725, 210 

50. 75 
49.80 . 
48. 86 
47. 93 
47.01 

46. 13 
45. 27 
44.43 
43. 62 I 

42.82 

42.04 
41.26 
40.49 
39. 72 
38. 96 

38.20 
37. 44 
36. 67 
35.91 
35. 15 

4,633, 856 
4,542,596 
4,451,436 
4,360,394 
4,269,498 

4.178.794 90,456 
'90, 149 
89, 790 
89,391 
88,959 

88,500 
88,017 
87, 515 
86,995 
86,465 

85, 928 
85,384 
84,831' 
84,263 
83,680 

83,079 
82,457 
81,813 
81,144 
80,447 

79,722 
78,966 
78,181 
77,363 
76,516 

75,635 
74,717 
73,759 
72,754 
71,698 

70, 587 
69, 418 
68, 191 

. 66,908 
65,568 

64, 176 
62,732 
61,238 
59,699 
58,115 

4; 088; 338 

3,908,399 
3,998,189 

3,819,008 

5. 32 
' 5.59 

5. 83 
6. 03 
6. 16 

6. 27 
6. 40 
6. 57 
6. 80 
7. 05 

7. 33 
7. 64 
7. 99 
a 37 
8.80 

9. 24 
9. 71 
10.20 
10. 70 
11.23 

3. 730. 049 
31 64i: 549 
3.553.532 
3; 466; 017 
3,379,022 

3,292, 557 
3,206, 629 
3,121,245 
3,036,414 
2,952, 151 

34. 40 
33. 65 . 
32. 91 
32. 17 
3:. 43 

30. 71 
29. 99 
29. 28 . . 
28. 58 
27. 88 - 

27. 19 

2; 539; 978 

2,459,531 
2,379, 809 
2, 300, 843 
2,222,662 
2,145,299 

2,068,783 
1,993,148 
1.918.431 

11.81 
12.46 
13.20 
14. 05 
14. 99. 

16. 02 
17.11 

19. 42 
20. 62 

ia 24 

26. 51 
25. 84 
25. 18 
24.. 53 

1; &44; 672 
1,771,918 

71,157 
70,017 
68,819 

. 67,564 
66,252 

64,885 
63,466 
61,997 
60,480 
58,917 

1, 700,220 
1,629,633 
1.560.215 

23. 89 
23. 27 
22. 67 
22.08 ' 
21. 51 

20. 95 

1; 492; 024 
1,425,116 

21.87 
23. 15 
24.47 
25.83 
27.21 

1,359,548 
1,295,372 
1,232, 640 
1,171,402 
1,111,703 

' \  I 
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43 

STATIOXARY POPULATION 
VERAGEFLJTURE 

LIFETIME YEAR OFAGB Y ORTA LITP 
RATE OF IOO,OW HnRx ALIVE 

--__- 
iverage number 

of years of 
life remaining 
n t  beginning of 

yearofage , 
(7) 

- 8s 

Number d ing 
per 1,000 atve 
at beginning of 

year of age 

(2) 

Number living 
at beginning of 

year of age 
In year of age and 

all later years In year of age Prriod of life between two exact ages stated 

(1) (3) (4) 

1 ,w. 
- _. - __ -- 

28. 58 
29.92 
31.21 
32.42 
33.58 

34. 72 
35.86 
37.03 
38. 25 
39.54 

40. 90 
42.33 
43. 84 
45.44 
47.18 

49.12 
51. 29 
53. 76 
56. 55 
59.63 

62.94 
66. 41 
69.98 
73.62 
77.37 

81. 27 
85. 40 
89. 81 
94.57 
99. 71 

105. 29 
111.35 
117.93 
125.09 
132. 87 

141.32 
150.48 
160.40 
171. 12 
182. 70 

195.17 
208. 58 
222.99 
238.43 
254.96 

272.61 

311.48 
332.80 
355.43 

- 291. 43 

1. 

57,314 
55, 676 
54,010 
52,324 
50, 628 

48,928 
47,229 
45,535 
43,849 
42,171 

40,504 
38, 848 
37,203 
35,573 
33, 956 

32,354 
30, 765 
29, 187 
27, 618 
26,056 

24, 502 
22,960 
21,435 
.19, 935 
18,467 

17,039 
15,654 
14, ,317 
13,031 

10,622 
9,504 
8,446 
7,450 
6, 518 

5, 652 
4,853 
4,123 
3,461 
2,869 

2,345 
1,887 
1,494 
1, 161 
884 

659 
479 
339 
234 
156 

100 
62 
37 
21 

. 11 

6 
- 3  

1 
1 

tics at thew age 
~ l ~ ~ l ~ l e i l  ratr-s o 

_____._I _- 

11,799 

__- 

d. ___-- 
I, 638 
1, 666 
1,686 
1,696 
1, 700 

1,699 
1,694 
1,686 
1,678 
1,667 

1, 656 
1,645 
1, 630 
1,617 
1,602 

1, 589 
1, 578 
1, 569 
1,562 
1,554 

1, 542 
I, 525 
I, 500 
3,468 
1, 428 

1,385 

I ,  286 
1,232 
1,177 

1,118 
1,058 
996 
932 
866 

799 
730 
662 
592 
524 

458 

1,337 

56,495 
54,843 
53, 168 
51,476 
49,778 

48,078 
46,382 
44,692 

41,338 

39,675 
38,026 
36,388 
34,764 
33, 155 

31,560 
29,975 
28,403 
26,837 
25,279 

23,731 
22,198 
20,685 
19,201 
17, 753 

16, 347 
14,985 
13, 674 
12,415 
11,211 

10,063 
8,975 
7,948 
6,983 
6,085 

5,252 
4,488 
3,792 
3,166 
2,607 

2, 116 
1,690 
1,327 
1,022 
772 

568 
410 
286 
195 
128 

82 
49 
29- 
17 
8 

5 
2 
0 
1 

43,010 

I ,  053, 588 
997,093 
942, 250 
889,082 
837,606 

787, 828 
739,750 
693,368 
648,676 
605,666 

’ 564,328 
. 524,653 
486,627 
450,239 
415,475 

382,320 
350,760 
320,785 
292,382 
265,545 

240,266 
216, 535 
194,337 
173,652 
154,451 

136,698 
120,351 
105,366 

. 91,692 
79,277 

68,066 
58,003 
49,028 
41,080 
34,097 

28,012 
22, 760 
18,272 
14,480 
11,314 

8,707 
6,591 
4,901 
3,574 
2,552 

1, 780 
1,212 
802 
51 6 
321 

193 
111 
62 
33 
16 

8 
3 
1 
1 

18.38 
. 17. Y 1  

17.45 
16-99 
16. 54 

16. 10 
’ 15. 66 

15. 23 
14. 79 
14.36 

13. 93 
13. 51 
13.08 
12. 66 
12.24 

11. 82 
. 11. 40 

. 10.99 
10. 59 
10.19 

8. 71 
8. 36 

8. 02 
7. 69 
7. 36 
7. 04 
6. 72 

6. 41 
6. 10 
5. 81 
5. 51 
5. 23 

4. 96 
4. 69 
4.43 ’ ~. ~- 
4.18 . 
3. 94 

3. 71 

3. 28 
3. 08 
2. 89 

- 2. 70 
2. 53 

3. 49 

- - 180 
105 
78 
56 

38 
25 
16 
10 
5 

a 40 
2. 36 
2. 21 
2. 06 

379. 41 
404.81 
431. 65 
460.00 
489.88 

521.36 
554.48 
589. 28 
625. 81 

1. 92 
1. 79 
1. 66 
1. 54 
1. 43 

1. 23 
1. 13 
1.04 . 

*- 1. 35 I 

I 

3 
2 
0 
1 

- 
NOTE.-Rates  of mortality at aCrs abovc 87 arc not bast4 on ntt.ual slt 

it younger agrs. Otlwr lik taldv fiiiwt.ilms at. ttww iigcs :III* bascd 1111 111e I-  

~ 

)ut liavc t~cw~ o 
ortality. RIMI may not nemssurily rcpriwnt actual conditions. 

inod by il l81 Iit~~natical extrapolation from mortalily rntes 
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YEAR OF AGE 

- 
- 

Period of life between two crnct ages stated 

(1) 

2 I l l  Z+I 

__ ... . 
_ ~ .- .__...I_- .. 

tc 
t 

MORTALITY 
RATE ---- 

Number d ing 
pcr t , ~ ~ ) % v e  
at beginning of 
- yearofagc 

(2) 

1 , ~ @ .  
___ 

__ --- 

' 44 UNITED STATES L I F ~  TABLES AND ACTUARIAL TABLES 

TABLE  LIFE TABLE FOR TOTAL OTHER R A C E S  ' IN THE UNITED STATES: 1930-1941 
-- 

OF 1W.wO BORN ALIVE .VERbGE FUTURE 
LIFETIME 

STATIONARY POPULATION 

Number dying 
during year 
d age 

(4) 

Number livi.rg 
at beginning of 

year of age 

(3) 

hverage number 
of years of 

lire remaining 
at beginning of 

year of age 

(7) , 

i, 
. . . . - .. . __ 

54. 35 
58.90 
59.12 
58. 69 
58.01 

57. 23 
56.41 
55. 56 
54. 69 
53.80 

52. 91 
5 2  01 
51. 12 
50. 23 

. 49.36 

a 

In year of age and 
all later years 

(6) 

In year 01 age 

(5) . 
1, d z  L. 

. !J3. 03 
20.37 
9. 73 
5. 31 
3. 91 

3. 20 
2 67 
2. 30 
2 08 
1. 97 

1. 98 
2. 08 
2. 24 
2 52 
2. 92 

3. 38 
3. 86 
4. 28 
4. 69 
5. LO 

5. 60 
5. 83 
6. 07 
6. 19 
6. 19 

6. 15 
6. 10 
6. 12 
6. 18 
6. 28 

6. 38 
6. 50 
6. 63 
6. 75. 
6. 89 

7. 04 
7. 21 
7. 42 
7. 65 
7. 93 

8. 23 
8. 58 
8.96 
9. 38 
9. 84 

10.37 
10.96 
11.. 64 
12.40 
13.24 

14.16 
15.14 
16.17 
17.25 
18.40 

100, 000 
YO, 697 
88,850 
87,986 
87,519 

87,177 
86,898 
86,663 
86,466 
86,286 

86, 116 
85,945 
85,767 
85,574 
85,359 

85,110 
84,822 

84, 132 
83,738 

83, 31 1 
82,853 
82,370 
81, 869 
81,363 

80,859 
80,362 
79, 871 
79,383 
78,892 

77,896 
77,390 
76,877 

84; 494 

78,397 

76,357 

7r4 831 
7.5, 297 
74,754 
74,200 
73, 632 

73,048 
72,447 
71,825. 
71, 182 
70,515 

69,821 
69,097 
68,340 
67,544 
66, 707 

65,824 
64,892 
63,909 
62,876 
61,791 

!1, 303 

864 
467 
342 

279 
233 
199 
180 
170 

171 
178 
193 
215 
249 

288 
328 
362 
394 
427 

458 
483 
501 
506 
504 

497 
491 
488 
491 
495 

501 
,506 
513 
520 
526 

534 
543 
554 
568 
584 

60 I 
622 
643 
667 
694 

724 
757 
796 
837 
883 

' 932 
983 

1,033 
1,085 
I, 137 

I, 847 
93,110 
89, 607 

. 88,392 
87,743 

87,038 
.86,781 
86,566 
86,376 
86,200 

86,031 - 85, 856 
85,670 
85,467 
85, 234 

84,966 
84,658 
84,313 
83,935 
83,525 

83,082 
82, G11 

' 82, 120 
81, 616 
81, 111 

80,610 
80, 117 
79, 627 
79, 137 
78, 644 

78,147 
77, 643 
77,133 
76, 617 
76,094 

75,565 
75,026 
74,476 
73,916 
73,340 

72,748 
72,136 
71,504 
70,848 
70, 168 

69,459 
68,718 
67,942 
67, 126 
66, 265 

65,358 
64,400 
63,392 
62,334 
61,222 

87r 340 

6, 435, 38!) 
5,342,279 
5, 252, 672 
5,164,280 
5,076,537 

4,989,197 
4,902,159 
4,815,378 
4,728,812 
4,642, 436 

4; 556, 236 
4, 470,,205 
4,384,349 
4,298,679 - 4,213,212 
4,127,978 
4,043,012 
3,958,354 
3,874,041 
3, 790, 106 

48. 50 
47. 66 
4G. ,85 
46.05 - ' 

45.26 

44.49 . ' 
43. 73 -.. 
42.99 
42.25 
41. 51 

3,296,041 
3,215,431 
3,135,314 
3,055,687 
2,976,550 

2,.897, 006 

2,742, 11 6 
2,664,983 
2,588,366 

2,512, 272 
2,436, 707 
2,361, 681 
2,287,205 
2,213, 289 

2,139,949 
2,067,201 
1,.995, 065 
1,923, 561 
1,852,713 

1,782,545 
' 1,713,086 
1,644,368 
1,576,426 
1,509,300 

2,819,759 

40. 76 
40.01 
39. 25 
38.49 
37. 73 

36. 96 * . 

36.20 
35.43 
34.67 
33.00 

33. 13 
32.36 e 

31. 59 -. 
30.82 
30.06 

29.30 
28. 53 
27. 78 
27.02 
26. 27 

25.53 
24.79 
24 06 
23.34 
22. 63 

21. 92 
21. 23 
20.55 
19.88 
19. 22 

I 

1,443,035 
1,377,677 
1,313,277 
I ,  249,885 
1,187,551 

, 

. f .  
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, Y E A R O F A G E  

Period of liie between two exact ages stated 

(1) 

TABLE  LIFE TABLE FOR TOTAL OTHER RACES 1 IN THE UNITED STATES: 1939-1941-Continued 

MORTALITY 
RATE 

. 
year of age 

(21 

19.63 
20.96 
22.41 
24.00 
25.71 

27.52 
29.41 
31.37 
33.38 
35.48 

37.71 
40. 12 
42.76 
45.67 
48.91 

52.52 
56. 56 
61.08 
66.09 
71.47 

77.02 
82.59 
88.00 
93. 13 
98. 13 

103. 20 
108. 54 
114. 36 
120. 86 
128.22 

136. 62 
146. 24 
157. 26 
169.86 
184. 22 

200. 51 
218. 92 
239. 61 

' 262.54 
288. 19 

316. 71 
348.25 
382.96 
420.90 

OF 100,WO BORN ALIVE 

Number living 
at beginning of 

year of age 

(3) 

1. 

60,654 
59,463 
58,217 
56,912 
55,546 

54,118 
52,629 
51,081 
49,478 
47,827 

46, &30 
44,391 
42,610 
40,788 
38,925 

37,022 
35,077 
33,093 
31,072 
29,019 

26,945 
24;869 
22,815 
20,808 
18,870 

17,018 
15,262 
13,605 
12,049 
10,593 

. 9,235 
. 7,973 

6,807 
5,737 
4,762 

3,885 
3,106 
2,426 
1,845 
1,360 

968 
662 
431 
266 
154 

a3 
41 
18 
7 
3 

1 
-- 

Number dying 
during year 

of age 

(4) 

d .  

1,191 
1,246 
-1,305 
1,366 
1,428 

1, 548 
1,603 
1,651 
1,697 

1,739 
1,781 
1,822 
1,863 
1,903 

1,489 

1,945 
1,984 
2,021 
2,053 
2,074 

2,076 
2,054 
2,007 
1,938 
1,852 

1, 756 
1, 657 

1,456 
1,358 

1,556 

1,262 
1,166 
1,070 
975 
877 

779 
680 
581 
485 
392 

306 
23 1 
165 
112 
71 

42 
23 
11 
4 
2 

1 

BTAlTONARY POPULATION 

In year of age 

(5) 

60,058 
58,840 
57,565 
56,229 
64,832 

53,374 
51,854 
50,280 
48,653 
46,978 

45,261 
43,500 
41,699 
39,857 

36,049 
34,086 
32,083 
30,045 
27,982 

25,907 
23,842 

19,839 
17,944 

i6,140 
14,433 
12,828 
11,321 
9,914 

8,604 
7,390 
6,272 
5,249 
4,323 

3,496 
2,766 
2,135 
1,603 
1,164 

-815 
546 
349 - 210 
119 

62 
29 
13 
5 
1 

1 

37,973 

21,811 

In yew of age and 
all later yerm 

. T s  

838,805 
785,431 
733,577 
683,297 
634,644 

587, b66 
542,405 
498,905 
457,.206 
417,349 

379,376 
343,327 
309,241 
277,158 
247, 113 

219,131 
193,224 
169,382 
147,571 
127,732 

109,788 
93,648 
79,215 
66,387 
55,066 

45, 152 
36,548 
29, 158 
22,886 
17,637 

13,314 
9,818 
7,052 
4,917 
3,314 

2, 150 
1,335 
789 
440 
230 

111 
49 
20 
7 
2 

1 

LVPRAGE FIJTURP 
LIFETIME 

Average number 
life of r e f n a e g  years of 

at beginning of 
year of age 

. (7) 

8. 
- 

18.57 
17. 93 
17.30 
16. 69 
16.09 

15.50 
14. 92 
14.36 
13. 81 
13. 27 

12. 74' 
12.22 
11. 71 
11.21 
10.72 

10. 25 
9. 79 
9. 34 

8. 52 

7. 77 
7. 42 
7. 09 
6. 77 

6. 45 
6. 14 
5. 82 
5. 51 
5. 20 

4. 89 
4. 58 
4. 28 
3. 99 
3. 70 

a 92 

a 13 

3. 43 
3. 16 
2. 91 
2. 67 . 
2. 44 

2 22 
2. 02 
1. 83 
1. 65 
1. 49 

1. 34 
1. 21 
1. 09 _. 98 
.88 

. 80 

?ioTE.-Raies of mortality at ages above 8 i  are not based OD actual statiitin at these aces but have been obtained by mathematical extrapolation from mortality rates 
e t  Younger ages. Other life tabk functions at these ages are based on the extrapolated rates ol 'mortality. and may not necesmrily represent actual condittons. 
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TABLE  LIF LIFE TABLE FOR OTHER RACES, ' MALES IN T,HE UNITED STATES: 1934-1941 

PITATIONABY POPULATION BRAGE FUTURE 
LIrnTIMP 

. 
YEAB OV AOE MORTALITY 

RATE OP 100,ooO B O W  ALIVE 

Number dying 
per 1,wO alive 
at beginning of 

year of nge 

(2) , 

n year of age and 
all later years 

(6) 

vernge number 
of years of 

life remaining 
t beginning of 

(7) 

b. 

Yeltl' Of llgt? 

rTumber living 
It beginning of 

year of sge 

/ 

(3) 

hmber dying 
during year 

Of age 

(4) 

PerIod of life between two exact nges stated In year of age 

(6) 

2 to t+1 1. L. T. ds 

9,864 
1, 835 

848 
451 
338 

286 
246 
214 
194 
181 

178 
180 
191 
211 
242 

278 
314 - 344 
372 

. 399 

423 
443 
455 
456 
449 

438 
' 429 

428 
434 
447 

9 8  63 
20.36 
9. 59 
5. 16 
3. 89 

3. 30 
2.84 
2. 49 
2. 25 
2. 12 

2 07 
2 12 
2 24 
2 48 
2. 85 

3. 29 
3.72 
4. 11 
4.45 
4.79 

, 5.11 
5. 31 
5. 55 
5. 6a 
5. 54 

5. 43 
5. 35 
5.37 
5. 48 

' 5.66 

5. 88 
6. 13 
6.37 
6. 60 
6.83 

-7. 08 
7. 34 
7. 63 
7. 9G 
8.32 

9. I C  
9. 63 

10. 16 
10. 7: 

11.35 
12. 02 
12 7E 
13. 61 
14. 5( 

15. 44 
16. 4: 
17. 4f 
18. 4! 
19. 6( 

a 71 

100,000 
90,136 
88,302 
87,454 
87,003 

86,665 

86,133 
85,919 
85,725 

85.544 

. 86,379 

92,589 
89,054 
87,852 
87,220 
86.827 

86,522 
86,257 
86,026 
85,822 
85,634 

85,455 
85,276 
85,091 
84,889 
84,663 

84,403 
84,107 
83,778 
83,420 
83,034 

82,624 
82,190 
81,742 
81,286 
80,833 

80, 391 
79,956 
79,529 
70,097 
78,656' 

78,202 
77,733 
77, 247 
76,746 
76, 231 

75,701 
75, 156 
74, 592 
74,011 
73,409 

72,784 
72,133 
71,455 
70,748 
70,010 

69,238 
68,429 
67, 579 
66,689 
65, 751 

64,767 
63,734 
62,656 
61,530 
60,358 

53. 56 

58.60 
58. 17 
57.47 

56.69 
55.87 
55.03 
54. I 7  

58  40 

53.29 

52.40 
51. 51 
50. 62 
49. 73 

. 47.99 
47. 15 
46.32 
45. 51 
44 71 

43.92 
43. 15 
42.38 
41. 61 
40. 84 

40.07 
39. 28 

48 85 

5,356,374 
5,263,785 
5, 174, 731 
5,086,879 

4,9 12,832 
4,826, 310 
4.740,053 

4,999,659 

4; 654; 027 
4,568,205 

4,482,571 
4,397,116 
4,311, 840 
4.226. 749 

85: 366 
85,186 
84; 995 
84, 784. 4; 141; 860 

84,542 
84,264 
83,950 
83,606 
83,234 

82,835 
82,412 
81,969 
81,514 
81,058 

80,609 
80,171 
79,742 
79,314 
78,880 

78,433 
'17,971 
77,494 
77,000 
76,492 

75,970 
75,432 
74,878 
74,307 
73,715 

72,465 
71,801 
71, 109 
70,387 

69,633 
68,843 
68,014 
67,145 
66,231 

65,271 
64,263 
63,207 
62,104 

-60,956 

73,102 

4,057,197 
3,972, 794 
3,888,687 
.3, 804, 909 
3, 721,489 

3,638, 455 
3,555,831 
3,473, 641 
3, 391, 899' 
3,310,613 

3,229, 780 
3,149,389 
3.060.433 

~~ ~- 
38.49 
37. ?O 
36.90 ' 

2: 989: 904 
2,910,807 

462 
477 
494 

, 508 
522 

538 
554 
571 
592 
613 

637 
664 
692 
722 
754 

790 
829 
869 
914 
960 

I ,  008 
1,056 
1,103 
1,148 
1, 195 

2,832, 151 
3,753,949 
2,676, 216 
2,598,969 
2,522,223 

2,445,992 
2,370,291 
2,295,135 
2,220,593 
2,146,532 

-2,073,123 

1,928,206 
1,856,751 
1, 786, 003 

1, 715, 993 
1,646,755 
1,578,326 
1,510, 747 
1,444,058 

1,378,307 
1,313,540 
1,249, 806 
1,187, 150 
1,125, 620 

2,000,339 

36. 11 
35.32 
34.53 
33; 75 
32. 97 

32.20 
31. 42 
30. 65 
29. 88 
39.12 

28.36 . 
27. 60 
26.85 
26. 11 , 
25.37 

24. 64 
23. 92 , 

23. 21 
22. 50 
21. 80 

21.12 
20.44 I 

19.77 
19.12 
IS 47 

I 
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TABLE 1  LIFE TABLE FOR OTHER RACES,~ MALES IN THE UNITED STATES: 1939-1941-Continued 

YEAR OF AOE MORTALITY 
RATE OF 100,000 BOBN A W L  BTATIONABY POPUJATION LVERAGE FUTURE 

LIFETIME 

Average number 
of years of 

life remaining 
at beginning of 

year Of age 

Number living 
at beginning of 

year of age 

Number dying 
per 1,ooO alive 
at beginning of 

year of age 

(2) 

1,0009. 

Number dying 
during year 

Of age 
Period of life betwe2n'two exact ages stated In year of age and 

dl later years 1 

(6) 
-I_ I 

T. 

In year of age 

(5) (3) (4) (7) (1) 

2 to z+1 I .  ds L. 

20. 79 
22.12 
23.61 
25.29 
27.15 

59,761 
58,518 
57,224 
55,873 
54,459 

52,98f 
51,437 
49,831 
48,167 
46,451 

44,689 
42,882 
41,033 
39, 139 
37,202 

35,223 
33,202 
31, 145 
29,057 
26,947 

24, 831 
22, 728 
20,661 
18, 655 
16, 732 

14,908 
13, 192 
11,589 
10, 103 
8, 731 

7,475 
6, 331 
5,298 
4,374 
3,557 

2, 842 
2,227 
1, 707 
1,276 

927 

,I, 243 
1,294 
1,351 
1,414 
1,478 

1,544 
1,606 
1,664 
1,716 
-1, 762 

1,807 
1, 849 
1, 894 
1,937 
1,979 

2,021 

2,088 
2,110 
2, 116 

2, 103 
2,067 
2,006 
1, 923 
1,824 

1, 716 
1,603 
1,486 
1,372 
1,256 

1,144 
-1,033 

924. 
81 7 
715 

. G15 
520 
431 
349 
275 

210 
155 
109 
73 
47 

28 
16 
8 
4 
1 

1 

2, 057 

59,140 
57,871 
56,548 
55,166 
53,721 

52,209 
. 50,634 

-48,999 
47,310 
45,570 

43,786 
41,957 
40,086 
38,171 
36,212 

34,213 
32,173 
30,101 
28,002 
25, 890 

23,779 
21,695 
19,658 
17, 693 
15,820 

14,050 
12,390 
10, 846 
9,417 
8,103 

6,903 
' 5,815 

4,837 
3,965 
3,200 

1,065,262 
1,006, 122 

948,251 
891, 703 
836,537 

782, 816 
.730, 607 
679, 973 
'630, 974 
583,664 

538,094 
494,308 
452, 351 
412,265 
374,094 

337, 882 
303, 669 
271,406 
241, 395 
213, 393 

187,503 
163,724 
142,029 
122,371 
104,678 

88,858 
74, 808 
62,418 
51, 572 
42, 155 

34,052 
27,149 
21,334 
16, 497 
12,532 

9,332 
6, 798 
4,831 
3,340 

- 2,239 

1,450 
* 903 

538 
305 
164 

82 
38 
16 
6 
2 

1 

17. 83 
. 17. 19 

16.57 
15. 96 
15. 36 

14. 78 
14. 20 
13. 65 
13. 10 
12.57, * 

12.04 
11. 53 
11.02 
10.53 
10.06 

9. 59 
9. 15 
8. 72 
8. 31 
7. 92 

29.14 
31.23 
33.40 
35.62 
37.94 

40.43 
43.14 
46. 14 
49.49 
53. 22 

57. 36 
61. 96 
67. 04 
72. 60 
78.54 

84. 70 
90.93 

,97.09 
103. 09 
109. 04 

. I  

7. 55 
7. 20 
6. 87 
6. 56 
.6. 26 

5. 96 
5. 67 
5. 39 
5. 10 
4. 83 

4. 56 
4. 29 
4. 03 
3. 77 
3. 52 

3. 28 
3. 05 
2. 83 
2. 62 
2 42 

115. 11 
121.47 
128. 28 
135.72 
143. 92 

153.01 
163. 12 
174. 38 
186.94 
200.91 

216.43 
233. 63 
252. 04 
273.60 
296. 64 

321. 89 
349.48 
379.54 

-412. 21 
447. 61 

485.88 
527. 15 
571.55 
619.'21 
670. 28 

724. 86 

2,534 
1,967 
1,491 
1,101 

789 

652 
442. 
287 
178 
105 

58 
30 
14 
6 
2 

1 

547 
365 
233 
-141 

82 

44 
\ 22 

10 
4 
1 

1 

2. 22 
2.04 
1. 87 

' 1. 71 
1. 56 

1. 42 
1. 29 
1. 16 . 
1. 05 
. 94 

.&I - 

NOTE.-Ratcs ol mortality at ageg above 87 are pot hscd  on actual statistics at these ages, but have hcen obtained by mathematicsl extrapolation from mortality rates 
at younger ages. Other lire table functions at t l i e x  uges are based on the crtrayo!uted rates of mortailty. and may not necessarily represent actual conditions; 

. 
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48 ' . UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 
TABLE 12.-LIFE TABLE FOR OTHER RACES, ' FEMALES IN THE UNITED STATES: 1939-1941 

- 
YEAR or AOE VEBAOE FUTURE 

LIFETIME 
MORTALITY 

RATE STATIONARY POPULATION 

Numberd h g  
per I,OM) Jive 
at beginning of 

year of age 

(2) 

Number living 
at beginning of 

year of age 

(3) 

kverage number 
of years of 

life remaining 
at beginning of 

year Of age 

(7) 

k. 
-- 

Number dying 
during year 

of age 

(4) 

In year of age and 
all latcr years Perlod of life between two exact ages statd 

(1) 

In year of age 

(5) 

L. T, d .  

8,717 
1,861 
882 
483 
346 

272 
219 
185 
165 
160 

163 
176 
194 
221 
257 

298 
342 

' 381 
420 
459 

497 
529 
554 
571 
579 

583 
585 
584 
581 
575 

567 
558 
549 
540 
532 

526 
521 
520 
52 1 
526 

533 
543 
554 
569 
585 

605 
629 

, 660 
694 
736 

781 
830 

- 884 
940 
997 

55.84 
60. 14 
60. 39 
59.98 
.59.31 

58.54 
57. 72 
56. 87 
55.99 
55.09 

54.,19 
53. 29 
52.40 .I 

51. 52 * 
50. 65 - 

49.80 
48.97 
48. 17 
47. 38 
46. 61 

45.87 
45. 14 
44.42 
43. 72 
43.02 

12. 32' 
41. 63 
40. 93 
40. 23 
39.52 

38. 81 
38.09 
37.36 
36.62 
35.88 

35.13 
34.37 
33. 61 
32. 84 
32. 07 

31.30 
30. 53 
29. 76 
28. 98 
28.21 

27.44 
26. 68 
25. 92 
25. 17 
24.42 

23. 68 
22.96 
22.24 
21.54 
20. 86 

87. 17 
20.38 
9. 86 
5. 46 
3. 93 

3. 10 
2. 51 
2. 12 
1. 90 
1. 83 

1. 89 
2. 03 
2. 25 
2. 56 
2. 99 

3. 49 
4. 00 
4. 48 
4. 95 
5. 45 

5. 93 
6. 36 
6. 70 
6. 93 
7. 09 

100,000 
91,283 
89,422 
88,540 
88,057 

87,711 
87,439 
87,220 
87,035 
86,870 

86,710 
86,547 
86,371 
86,177 
85,956 

93,654 
90,185 
88,955 
88,289 
87,876 

5,583,750 
5,490,096 

5,310,956 
5,222, 667 

5,134, 791 
5,047,216 
4,959,887 
4,872,759 
4,785,807 

4,699,017 
4,612, 388 
4,525,929 
4,439,655 
4,353,589 

5,399, 911 

' 86, 629 
86,459 
86,274 
86,066 
85,828 

85,550 
85, 230 
84,868 
84,468 
84,028 

83, 551 
. 83,038 
82,496 
81,933 
81,359 

80,778 
80, 193 
79,609 
79,027 
78,449 

77,877 
77,316 
76,761 
76,218 
75,681 

75, 152 

74,108 
73,587 
73,064 

* 

74, 629. 

4~267, 761 
4,182,211 
4,096,981 
4,012, 113 
3,927,645 

83,799 
83,302 
82,773 
82,219 
81,648 

81,069 
80,486 
79,901 
79,317 
78,736 

3,843,617 
3,760,066 

3,594,532 
,3,512, 599 

3,431,240 
3,350,462 
3,270,269 
3,190,660 
3,111,633 

- 3,033,184 
2,955,307 

-- 3, 677, 028 

2.877; 991 

7. 20 
7. 26 
7. 31 
7. 33 
7. 30 

'I 7. 25 
7. 19 
7. 12 
7. 06 
7. 01 

* 6.97 
. 6.96 
6. 99 
7. 06 
7. 17 

7. 32 
7. 51 
7. 73 
7. 99 
8. 28 

8. 64 
9. 07 
9. 59 

. 10.20 
10.91 

11.71 
12.60 
13.58 
14. 64 
15.77 

76; 487 

75,415 
74.889 

. 75,947 
2: 801: 230 
2,725,012 

2,649,331 
2,574, 179 
2,499, 550 
2,425,442 
2,351, 855 

Li 

74; 368 
73,848 
73,327 

72,801 
72,268 
71,725 
71,171 
70,602 

70,017 
69,412 
68,783 
68,- 123 
67,429 

66,693 
65,912 
65,082 
64,198 
63,258 

72,535 
71,997 
71,448 
70,886 
70,310 

2,278,791 
2,206,256 
2,134,259 
2,062,811 
1,991, 925 

69, 714 
69.098 

1,921, 615 
1,851,901 
1,782,803 
1,714,350 
1,646,574 

1,579,513 
1,513, 211 
1,447, 714 
I, 383,074 
1,319,346 

68; 453 
67,776 
67,061 I '  

, 
66,302 
65,497 
64,640 
63,728 
62,760 
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TABLE  LIFE TABLE FOR OTHER RACES, 1 FEMALES IN THE UNITED STATES: 1939-1941-Continued 

-- 
I 

' I MORTALITY 
RATE YEAR OF AOE 

1 Number dvine 

-- 
Number dying 
per 1,0O0 alive 
at beginning of 

year of age 
Period of life between two exact ages stated per 1,000 dive 

at beginning of 
year of age 

Period of life between two exact ages stated 

16; 96 
18.19 
19.47 
20.78 
22.13 

23.53 
24.99 
26. 52 
28. 14 
29.87 

31. 71 
33.70 
35. 85 
38.20 
40.80 

43.73 
47.08 
50.92 
55.27 
59.98 

64.85 
69.66 
74.21 
78.37 
82.32 

86.33 
90.66 
95.56 
101.31 
108.10 

116. 15 
125.67 
136.86 
149.93 
165.08 

182.53 
202.49 
225.15 
250.73 
279.43 

311.46 
347.03 
386.35 
429.62 
477.05 

528.84 
585.21 
646. 37 
712.51 
783.85 

860.59 

OF 100,wO BOBN ALIVE 

Number living 
at beginning of 

year of age 

(3) 

62,261 
61,205 
60,092 
58,922 
57,697 

56,421 
55,093 
53,717 
52,292 
50,820 

49,303 

46,130 
44,476 
42,777 

41,032 
39, 238 
37,391 
35,487 
33,525 

31,514 
29,471 
27,418 
25, 383 
23,394 

21, q68 
19,615 
17,837 
16, 132 
14,498 

12,931 
11,429 
9,992 
8,625 
7,332 

6,121 
5, 004 
3,991 
3,092 
2,317 

1,670 
1, 150 
751 
461 
263 

137 
66 
27 
9 
3 

1 

47,739 

1 All except white and Negro. 

Number dying 
during year 

of age 

(4) 

d. 

. 1,056 
1,113 
1,170 
1,225 
1,276 

1,328 
1,376 
I, 425 
1,472 
I, 517 

1,564 
1,609 
1,654 
1,699 
1,745 

I, 794 
I ,  847 
1,904 
1,962 
2,011 

2,043 
2,053 

' 2,035 
I, 989 
1,926 

1,853 
1,778 
1,705 
1,634 
1,567 

I, 502 
'1,437 
1,367 
1,293 
1,211 

I, 117 
1,013 
899 
775 
647 

' 520 
399 
290 
198 
126 

72 
38 
18 
6 
2 

1 
-- 

STATIONARY POPUJATION 

In year of age 

(5) 

61,734 
60,648 
59,507 
58,310 
57,059 

55,757 
54,405 
53,004 
51,556 
50,061 

48,521 
46,935 
45,303 
43,627 
41,904 

40,135 
38,315 
36,438 
34,506 
32,520 

30,493 
28,.444 
26,401 
24,388 
22,431 

20,541 
18,726 
16,984 
15,315 
13,714 

12, -180 
10,711 
9,308 
7,979 
6,726 

5,563 
4,497 
3,542 
2,705 
1,993 

1,409 
950 
606 
362 
200 

101 
46 
18 
6 
2 

Ot 
- 

In year of age and 
all later years 

(6) 

T' 

1,256,586 
1,194,852 
1,134,204 
1,074,697 
1,016,387 

959,328 
903,571 
849, 166 
796,162 
744,606 

694,545 

599,089 
553,786 
510, 159 

468,255 
428,120 
389,805 

. 353,367 
318,861 

646,024. 

286,341 
255,848 
227,404 
201,003 
176,615 

154, 184 
133,643 
114, 917 

82,618 
97,933 

68,904 
56,724 
46,013 
36,705 
28,726 

22,000 
16,437 
11,940 
8,398 

' 5,693 

3,700 
2,291 
1,341 
735 
373 

173 
72 

' 26 
8 
2 

0 

.VERAGE N T U R E  
LIFETIME 

Averme number 

20.18 
. 19.52 

18.87 
' 18.24 

17.62 

17.00 
16.40 
15.81 
15.23 
14.65 

14.09 
13.53 
12: 99 
12.45 
11.93 

11.41 
10.91 
10.43 - 
9. 96 
9. 51 

9. 09 
8. 68 
8. 29 
7. 92 
7. 55 

7. 18 
6. 81' 
6. 44 
6. 07 
5.70 - 
5. 33 
4. 96 
4. 60 
4. 26 
3. 92 

3. 28 
2. 99 
2. 72 
2. 46 

2. 22 
1. 99 
1. 79 
1. 60 
1. 42 

1. 26 
1. 11 
.98 
.86 
.75 

,64 . 

3. 59' 

NOTE.-Rates of mortality at ages above 87 are not basad on actnal statisties at these ages, but have been obtained by mathematical extrapolation from mortality 
rates at youoger ages. Other life table functions at these ages are based on the extrapolated rates of mortality, and may not necessarily repie8ent actual wndltions. 
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AGE INTERVAL MORTALITY RATE 

50 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 
TABLE 13.-LIFE TABLE FUNCTIONk FOR THE FIRST YEAR OF LIFE, IN TEE UNITED STATES: 1939-1941 

AVERAGE 
FUTURE 

LIFETIME 
OP IW,M)o BORN ALIVE STATIONARY POPULATION 

Number dying 
during age 

interval 

(4) 

Number dying 

of age interval 
Period of life between two exact ages stated . Number alive 

at beginning 
of age interval 

(3) 

In this and all 
subsequent age 

intervals 
In the age 

inter v a 1 
~ interval - -  

(7) / 

I *= 
z to z+r Ts- T*i T. 

100,000 
98, 603 
98,241 
98,013 
97,649 
97,395 
97,229 

100,000 
97,087 
96,734 
96,453 
96,221 
96,033 
95,875 
95,739 
95,624 
95,523 
95,435 
95,361 

100,000 
98,429 
98,017 
97,747 
97,330 
97,053 
96,873 

100,000 
96,716 
96,323 
96,016 
95,765 
95,562 
95,391 
95,247 

.95,121 
95,011 
94,918 
94,837 

100,000 
98,786 
98,476 
98,291 
97,983 
97,754 
97,604 

100,000 
97,479 
97,169 
96,916 
96,703 
96,530 
96,386 
96,259 
96,155 
96,064 
95,982 
95,915 

13.97 
3. 67 
2 32 
3. 71 
2. 60 
1. 70 
1. 46 

29. 13 
3. 64 
2 90 
2. 41 
1. 95 
1. 65 
1. 42 
1. 20 
1. 06 
.92 
.78 
.74 

15.71 
4. 19 
2 75 
4. 27 
2. 85 
1. 85 
1. 62 

32.84 
4. 06 
3. 19 
2. 61 
2. 12 
1. 79 
1. 51 
1. 32 
1. 16 
.98 
.85 
.79 

12. 14 
3. 14 
1. 88 
3. 13 
2 34 
1. 53 
1. 28 

25.21 
3. 18 

.2.60 
2. 20 
1. 79 
1. 49 
1. 32 
1. 08 
.95 
.85 
.70 
.70 

1,397 
362 
228 
364 
254 
166 
142 

2, 913 
353 
281 
232 
188 
158 
136 
115 
101 
88 
74 
71 

1,571 
412 
270 
417 
277 
180 

-157 

3,284 
393 
307 
251 
203 
171 
144 

.126 
110 
93 
81 
75 

271 
269 
269 

1,071 
1,869 
1,865 
2,512 

8,126 
8.076 

6,362,494 
6,362, 223 
6,361, 954 
6,361, 685 
6,360,614 
6,358,745 
6,356, 880 

6,362,494 
6,.354, 368 
6,346,292 
6.338.243 

63.62 
64.52 
64. 76 
64. 91 
65. 14 
65.29 * 

65.38 

63.62 
65.45 ~ 

65.61 
65. 71 
65. 79 
65. 83 
65.86 
65.87 
65.86 
65. 85 
65.83 
65.80 

I 

I 
8; 049 
8,028 

' 8,011 
7.996 

6; 330; 215 
6,323, 204 
6,314, 208 
6,306, 224 
6,298,251 
6,290, 287 
6,282, 330 
6,274,380 

7; 984 
7,973 
7,964 
7,957 
7,950 
7,944 

271 
269 
268 

1,068 
1,862 
1,858 
2,502 

8,098 
8,043 
8,014 
7,991 
7,972 
7,956 
7,943 
7,932 
7,922 
7, 914 
7, 906 
7,900 

' 272 
270 
269 

1,075 
1,875 
1,872 
2,522 

8, 155 
8,110 
8,087 
8,067 
8,051 
8,038 
8,027 
8,017 
8,009 
8,002 
7,996 
7,990 

61.60 . 
62. 58 . 
62. 84 

6.160.087 
6; 159: si6 
6,159, 547 
6,159,279 
6. 158. 211. 

63. 01 
63.27 
63.43 
63.53 

6; 156; 349 
6,154,491 

6,160,087 
6, 151, 989 
6,143,946 
6,135,932 
6,127,941 
6,119, 969 
6,112,013 
6,104,070 
6,096, 138 
6,088, 216 
6,080, 302 
6,072,396 

I 61.60 
63. 61 
'63. 78 
63.91 . 

63.99 
64. 04 
64.07 
64.09 
64.09 . 
64.08 
64. 06 
64. 03 

1, 214 
310 
185 
308 
229 
150 
125 

2,521 
310 
253 
213 
173 
144 
127 . 104 
91 
82 
67 
67 

6, 588, 801- 
6.588.529 

65. 89 - .  
66.'69 .. 
66. 90 
67.03 
67.23 
67.36 
67.45 . ' 

6; 588; 259 
6,587,990 
6,586,915 
6,585,040 
6,583, 168 

65.89 ! 

i 67.51 ' 
67. 64 
67.' 73 

6,588,801 
6,580,646 
6.572.536 
6; 564; 449 
6.556. 382 
6; 548: 331 
6,540,293 
6,532. 266 
6,524, 249 
6.5 16, 240 67. 83 

67.81 
67. 77 

1 

I 6; 508; 238 
6,500,242 
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TABLE 13.-LIFE TABLE FUNCTIONS FOR THE FIRST YEAR OF LIFE, IN THE UNITED STATEB: 1939-1941-Continued 

STATIONARY POPULATION MOBTALITY BAT1 

Period of life between two exact ages stated 

(1) 

2 to z+t 

AVEBAOE 
FUTURE 

LIFETIME 

Number dying 
per 1,000 alive 

at beginning 
of age interval 

(2) 

:PI 

AOE INTEBVAL 

N z ! g f g , g  
Interval 

In the age 
interval 

Number alive 
' at beginning 
of age interval 

3, 105 
348 
273 
219 
174 
148 
121 
109 
95 
81 
72 
67 

1, 187 
294 

. 173 
280 
198 
132 
108 

In this and all 
subsequent age 

intervals 

- 

hverage number 
of years of life 

wgtnning of 868 
Interval 

remainingat ~ 

. 
(3) 

1. T. 
c I * 

13.67 
3. 52 
2. 18 
3. 35 
2. 26 
1. 50 
1. 28 

27.49 
3. 18 
2. 56 
2. 09 
1. 67 
1. 42 
1. 20 
1. 04 
. 92 
- 8 0  
.69 
.66 

15.38 
4. 03. 
2. 57 
3. 84 
2. 49 
1. 64 
1. 44 

31.05 
3. 59 
2. .83 
2. 27 
1. 81 
1. 54 
1. 26 
1. 14 
.99 . 85 
.76 
.70 

11.87 
2. 98 
1. 76 
2. 85 
2. 02 
1. 35 
1. 11 

23. 72 
2. 75 
2. 28 
1. 89 
1. 53 
1. 28 
1. 12 
.94 . 84 
* 74 . 62 
.62 

100,000 
98,633 
98,286 
98,072 
97,743 
97, 522 
97,376 

100,000 
97, 251 
96,942 
96, 694 
96,492 
96, 331 
96,194 
96,079 
95,979 
95,891 
95,814 
95,748 

100,000 
98,462 
98,065 
97,813 

97, '194 
97,035 

97,437 

100,000 
9% 895 
96,547 
96,274 
96,055 
95,881 
95,733 

' 95.612 

271 
270 

1,072 
1,871 
1,867 
2, 516 

8,136 
8,091 
8,068 

.8,049 
8,034 
8,022 
8,011 

. 269 

. 8,002 
7,995 
7,988 
7,982 
7,976 

271 
269 
268 

1,069 
1,865 
1,861 
2,507 

8,060 
8,034 
8,014 

+ 8, 110 

7,997 
7,984 
7,973 

7,955 
7,947 

7,935 

7,963 

7,941 

272 
270 
269 

1,075 
1, 87*7 
1,874 
2,525 

8,162 
8,125 
8,104 
8,087 
8,073 
8,062 
8,052 
8,044 
8,037 
8,031 
8,025 
8,020 

6,492,419 
6, 492, 148 
6,491,878 
6,491,609 
.6, 490, 537 
6,488,666 
6,486, 799 

6,492,419 
6,484,283 
6,476,192 
6,468,124 
6,460,075 
6,452,041 
6,444, 019 
6,436,008 
6,428,006 
6,420, 011 
6,412,023 
6,404,041 

64.92 
65. 82 
66.05 
66.19 
66.40 
66.54 
66.62 

64.92 
66.68 
66.80 
66.89 
66. 95 
66. 98 
66.99 
66. 99 ' 

1,367 
347 
214 
329 
22 1 
146 
125 

2,749 
309 
248. 
202 
161 
137 
115 
100 
88 
77 
66 
63 

66.97 
. 66.95 

66.92 
66.88 

6,281,188 
6, 280,.917 
6,280,648 

'- 6. 280. 380 

62.81 
63.79 
64.05 
64.21 
64.44 
64.59 . 6 4 6 7  

6 2  81 
64 74 
64" 89 
64.99 
65.06 
65.09 
65.11 
65.11 
65.10 
65.08 
65.05 
65.02 

1,538 
397 
252 
376 
243 
159 
140 

6; 279; 311 
6,277,446 
6,275,585 

6,281,188 
6,273,078 
6,265,018 
6,256, 984 
6,248,970 
6,240,973 

. 6.232.989 
6; 225; 016 
6.217.053 

6,728,965 
6,728,693 
6,728,423 
6,728,154 
6,727,079 
6,725,202 
6,723,328 

67.29 
6 8  10 
68.30 

loo, 000 
98,813 
98,519 
98,346 
98,066 
97,868 
97, 736 

~~ 

6 8  41 
6 8  60 - ' 6 8  72 
68 79 

67. 29 
6 8  84 
6 8  95 
69.02 
69.07 
69.09 
69. 10 
69.09 
69.07 
69.05 
69.01 
6 8  97 

4 .  

2,372 
268 

I 222 
184 
148 
124 
108 
91 
81 
71 
60 
60 

97; i38 
96,954 
96,806 .. 96, 682 
96,574 
96.483 



1 55.83 
55.99 

53.85 
56.11 1 
56.40 
56.61 1 
56.78 
56.91 j 
57.00 
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TABLE 13.-LIFE TABLE FUNCTIONB FOR TEE FIRST YEAR OF LIFE, IN TEE UNITED STATES: 1939-1941-Continued i 

A 0 1  INTEBVAL YORTALITY U T E  OP 100,OOO BORN ALIVE ' STATIONARY POPULATION 

- 

In tho age 
interval 

(6 )  

Period of life between two exact ages stated 
gumber dying 

during age 
interval 

(4) 

In  thL and all 
subsequent age 

intervals 

.verSge number 
If YWS or lire 
remaining a t  > 

eginning of age 
interval . 

(7) 

\ Number dying 
per 1.W allve 

at beginning 
of age interval 

Number alive 
at beglnnlng 

of age interval 

, (3) 

1. TZ-T*I . k ,  
' e  -- l.-Iz+r T. 

17.06 
5. 01 
3. 49 
6. 19 
4. 89 
3. 09 
2. 67 

41.71 
6. 65 
5. 14 
4. 47 
.3. 80 
3. 06 
2. 83 
2. 23 
1. 94 
1. 68 
1. 30 
1. 29 

19.21 
5. 54 
4. 17 
7. 26 
5. 29 
3. 36 
2. 89 

46: 84 
7. 33 
5. 60 
4. 80 
4. 18 
3. 34 
3. 14 
2. 50 
2. 24 
1. 80 
1. 47 
1. 40 

14.86 
4. 48 
2. 77 
5. 10 
4. 50 
2. 82 
2. 45 

36.46 
5. 96 
4. 68 
'4. 12 
3. 41 
2. 76 
2. 52 
1. 94 

- 1. 64 
1. 56 
1..13 
1. 19 

100,000 
98,294 
97,802 
97,461 
'26,858 
96,384 
96,086 

95,829 
95,192 
94,703 
94,280 
93,922 
93,635 
93.370 

100,000 

1,706 
492 
341 
603 
474 
298 
257 

4,171 
637 
489 
423 
358. 
287 
265 

271 
268 
267 

1,064 
1,851 
1,844 
2,481 

5; 384; 238 
.5,383; 174 
5,381,323 
5,379,479 

8,046 
7,959 
7,912 
7,874 
7,842 
7,815 

. 7,792 
7, 772 
7,756 
7, 742 
7,730 
7,720 

5,385,044 
5,376,998 
5,369,039 
5, 361,127 
5,353,253 
5, 345,411 
5,337,596 
5,329, 804 
5,322,032 
5,314,276 
5,306,534 
5,298,804 

93: i62 
92,981 
92,825 

. 92,704 
57.17 
57.16 

* I  

52.26 1 
53.28 
53.57 
53.79 
54.18 

100,000 
98,079 
97,536 
97,129 
96,424 
95,914 
95,592 

100,000 
95,316 
94,617 
94,087 
93,635 
93,244 
92,933 
92,641 
92,409 
92,202 
92,036 
91,901 

100,000 
98,514 
98,073 
97,801 
97,302 
96,864 
96,591 

100,000 
96,354 
95,780 
95,332 
94,939 
94,615 
94,354 
94,116 
93,933 
93,779 
93,633 
93,527 

1,921 
543 
407 
705 
510 
322 
276 

4,684 
699 
530 
452 
391 
311 
292 
232 
207 
166 
135 
129 

1,486 
441 
272 
499 
438 
273 
237 

3,646 
574 
448 
393 
324 
261 
238 
183 
154 
146 
106 
111 

271 
, 268 

266 
1,060 
1,843 
1,835 
2,468 

8,011 
7,914 
7,863 
7,822 
7,787 
7,757 
7,732 
7,710 
7,692 
7,677 
7, 664 
7,653 

271 
269 
268 

1,068 
I, 860 
1,853 
2,494 

8,083 
8,006 
7,963 
7,928 
7,898 
7,874 
7,853 
7,835 
7,821 
7,809 
7,,798 
7, 789 

5,225,657 
5,225,386 
5,225,118 
5,224,852 
5,223,792 

5,220,114 
5,221,949 54.44 

54. 61 - 

5,225,657 
5,217,646 
5,209,732 
5,201,869 
5,194,047 
5,186, 260 
5,178, 503 
5,170, 771 
5,163,061 

. 5,155,369 
$ 147,692 
5,140,028 

52.26 
54.74 
55. os 
55.29 
55.47 
55.62 
55.72 
55.82 
55.87 . 
55.91 
55.93 

I. 

1 

1 
55.93 1 

1 
5,556,051 
5,555,780 
5,555,511 
5,555,243 
5,554,175 
5,552,315 
5,550,462 

55.56 1 
56.40 
56.65 1 
56.80 \ 

57.08 II 

55.56 
57.58 
57.84 

58.30 

5 8  03 
5 8  19 

5; 531; 999 
5,524,071 
5,516,173 
5,508,299 
5,500,446 
5,492, 611 
5,484,790 
5,476,981 
5,469,183 

~ 

58.38 
58.44 * 
58.47 
58.49 
5 8  49 
5 8 4 8  . 
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TABLE  LIFE TABLE FUNCTIONS FOR THE FIRST YEAR OF LIFE,TN THE UNITED STATEB: 1939-1941-Continued 

, 
OF IM).OOO BORN AUVE 

AVERAGE 
FUTURE 

UFETIME 
YIOBTAIITY RAT: A 0 1  INTEBVAL STATIONARY POPULATION 

Number dyinf 
per 1,000 alive 

at beginning 
of age interval 

(2) 

Average number 
of years of. life 

remaining at 
beginning of age 

interval 

(7) --- 
8, 

Number alive 
at beginning 

of age interval 

(3) 

Number dying 
during age 
-interval 

(4) 

In this and all 
subsequent age 

- intervals 
In the age 

interval 

(6) 

Period of life between two exaet ages stated 

I to z+t IQ. 1. T z  . 1=-1=+1 

14.09 
3. 37 
3. 10 
6. 75 
5. 24 
3. 35 
3. 40 

100,000 
98,591 
98,259 
97,954 
97,293 
96,783 
96,459 

96,131 
95,247 
94,468 
93,782 
93,183 
92,662 
92, 211 
91,821 
91,482 
91, 188 
90,929 

100,000 

1,409 
332 
305 
661 
510 
324 
328 

3,869 
884 
779 
686 
599 
521 
451 
390 
339 
294 
259 
232 

1,541 
341 
316 
800 
583 
363 
378 

4,322 
895 
796 
705 
620 
543 
470 
404 
349 
297 
250 
213 

1,270 
321 
295 
517 
432 
283 
276 

3,394 
872 
762 
666 
578 
497 
432 
375 
329 
291 
268 
253 

271 
. 269 

269 
1,069 
1,859 
1,851 
2,489 

8,077 
7,974 
7,905 
7,844 
7,790 
7,744 
7,703 
7.668 

5,435,389 

5,434,849 
5,434,580 
5,433,511 
5,431,652 
5,429,801 

5,435,389 
5,427,312 
5,419,338 
5,411,433 
5,403,589 
5,395,799 
5,388,055 
5,380,352 
5,372,684 
5,365,046 
5,357,435 
5,349,847 

5,356,374 
5,356,103 
5,355,834 
5,355,566 
5,354,500 
5, 352, 647 
5,350,803 

5,356,374 
5,348,325 
5,340,389 
5,332,524 
5,324,721 
5,316,973 
5,309,274 
5.301.617 

5,435,118 
54.35 

.55.13 
55.31 
55.48 
55.85 
56.12 
56.29 

54.35 
56.46 
56.90 
57.28 
57.62 
57.91 
58.15 
58.35 
58.51 
58.65 
58.75 
58.84 

38. 69 
9. 20 
8. 18 
7. 26 
6. 39 
5. 59 
4. 87 
4. 23 
3. 69 
3. 21 
2. 84 
2. 55 

15.'41 
3. 46 
3. 22 
8. 18 
6. 01 
3. 76 
3. 94 

43.22 
9. 35 
8. 40 
7. 50 

100,000 
98,459 
98,118 
97,802 
97,002 
96,419 
96,056 

100,000 
95,678 
94,783 
93,987 
93,282 
92,662 
92, 119 
91, 649 
91,245 
90,896 
90,599 
90,349 

100,000 
98,730 
98,409 
98, 114 
97,597 
97, 165 
96,882 

96,606 
. 95.734 

100,000 

271 
269 
268 

1,066 
1,853 
1,844 
2,478 

8,049 
7.936 

53.56 
54.40 
54.59 
54.76 
55.20 
55.51 
55.71 

53.56 
55.90 
56.34 
56.74 
57.08 
57.38 
57.63 - 
57.85 . 

58.27 
5 8  34 

5 8  02 
58.16 . 

. 7; 865 
7,803 
7,748 
7,699 
7,657 
7; 621 
7,589 
7,562 

. 7,540 
7,520 

271 
270 
269 

1,071 
1,866 
1,859 
2,501 

8,107 
8,014 
7,946 
7,887 
7,835 
7,790 
7,751 
7,718 
7,688 
7; 662 
7,639 
7,617 

6. 65 
- 5.86 

5. 10 
4. 41 
3. 82 5; 293: 996 

5,286,407 
5,278,845 

. 5,271,305 

3. 27 
2. 76 
2. 36 

12.70 
3. 25 
3. 00 
5. 27 
4. 43 
2. 91 
2. 85 

33.94 
9. 03 
7. 96 
7. 01 
6. 13 
5. 30 
4. 63 

3. 56 
3. 16 
2. 92 
2. 76 

- 4.04 

5,583,750 
5,583,479 
5,583,209 
5,582,940 
5,581,869 
5,580,003 
5,578,144 

5, 583,- 750 
5.575.643 

-55. 84 
56.55 - 
56.73 

55.84 
57.72 

. 58.16 

- 58.87 
59.15 
59.38 
59.57 
59.73 
59.86 
59.97 
60.06 

58. 54 

5; 528; 420 
5,520,702 
5,513,014 

' 5,505,352 
5,497,713 

92; 424 
92,095 
91,804 
91,536 

I All excapt white and Negro. 



PART I11 

ACTUARIAL TABLES 

Commis- 
iioners 1941 
Standard 
Ordinary 

Scope of the actuarial tables 
The actuarial functions included in this volume are 

based on the 1939-1941 life tables for white males and 
.white fkmales in the United States, and on a Makeham 
graduation of tshe life table for total whites, which was 
prepared in order to facilitate the calculation of values 
of annuities and other benefits involving two or more 
joint lives. In  addition to the elementary life table 
values, the functions tabulated on the basis of the 
white males and white females tables are the usual 
commuteation columns (C, D, M ,  N, R,  and S), whole 
life immediate annuity values, and both single and 
annual premiums for whole life assurances. These are 
given a t  five.int,erest rates: 2, 2%, 3, 3$, and 4 percent. 

The functions tabulated for the makehamized mor- 
tality table’ are the dementary values including the 
force of mortality, single whole life immediate annuities, 
and equal age whole life immediate annuities for two, 

~ three, and four joint lives. The annuity values are 
shown for four interest rates: 2, 23, 3j and 4 percent. 
A -table of the Makeham constants and their common 
logarithms, and a table of uniform seniority for two 
lives are also included. This mortality table follows 

An auxiliary 
table, to facilitate the approximate computation of 
joint life annuity values when one or more of the lives 
are under age 17, is given on page 96. 
Comparison‘ with .mortality tables based on the experi- 

It is interesting to compare the life tables for which 
actmrial functions are tabulated here with those based 
on recent life insurance experienc.e. 

‘Among such tables, the greatest interest attaches to 
the Commissioners 1941 Standard Ordinary Mortality 
table which has now (August 1945) been recognized 
by law in 25 States including the1 23 which have en- 
acted the Standard Non-Forfeiture and Valuation 
Laws ‘ recommended by the National Association of 

’ 

. Makeham’s law at  ages 17 and over. 

ence of insured lives 

1 The term “mortality table.” whieh is the name cnstomruil~ applied by actuaries, 
is a more appropriate one to describe the makehamized table, since thia table does not 
include values of the average future lifetime or of the innetions relating to the sta- 

National Association or Inauranee Commissioners, Report of the Commfffee To 
Sudv Non-For/cfture Benefit8 and Rzlated MaUer8, p. 186,1941. 

California, Colorado, Connecticut. Delaware, Illinois, Indiana, Kentucky, Maine. 
Msryland, Massa@usetts, Michigan, Missouri, Montana, Nebraska, New Esmp- 
shire, New Jersey. New Mexico. North Carolina, Oregon, Pennsylvania, TenneSSBB, 
Vermont, Virginia, West Virginia, and Wisconsin. Colorado and Connecticut have 
recoenized the new table but have not enacted the standard laws. 

4 National Association of Insurance Commissioners, Rep& 01 the Committee of Com- 
miadonna Appointed To Conaidcr and To Make Rccommendationr on the Rcport 01 the 
Committee To Srudv Non-Forleilure Benefita and Related MaUerr, Exhibits A and B, 
1942. 

. tionary population. 

19304940 Ex- 
perience 

Insurhce Commissioners in December 1942. How- 
ever, this table cannot be regarded as reflecting current 
life insurance experience, since the rates of mortality 
include adjustments which are considered sufficient to 
provide “reasonable margins for adverse fluctuations in 
mortality and for contingencies,” together with an ad- 
ditional factor of conservatism in the calculation of pre- 
miums.6 However, the underlying experience table, 
excluding these margins, which is known as the 1930- 
1940 Experience table, is also available.e In table N, 
the rates of mortality for. white males in the United 
States, both in 1929-1931 and in 1939-1941, are com- 
pared with those of both the Commissioners 1941 
Standard Ordinary Mortality table and the 1930-1940 
Experience table. The corresponding values from the 
makehamixed mohl i ty  table for totalwhites (table 38 of 
this volume) are also shown. The 1930-1940 Experience 
hble is based primarily on the experience during the 
decade of 16 life insurance companies (15 United States 
companies and 1 Canadian company) which include the 
13 largest companies in the United States and Canada.‘ 
TABLE N.-ANNUAL RATE OF’MORTALITY PER 1,000 AT SELE~TED 

AQES FROM CERTAIN UNITED STATES LIFE TABLES ROR 
1929-1931 AND 1939-1941, +AND FROM MORTALITY TABLES 
BASED ON RECENT LIFE INSURANCE EXPERIENCE IN THE 
UNITED STATES AND CANADA 

. 

, 

48. 12 
4.87 
1.38 
1.00 
1.43 

2 12 
2.43 
279 
3.63 
6.13 

43.16 
4.60 
1.24 
.I 

1.30 

1.65 
1.98 
2 49 
3.28 
4.63 

7.66 
11.65 
17.31 
25.48 
36.86 

W M  
83. la 

124. n 
181.04 
248.94 

6.I 
9.46 

14.08 
21.25 

. 3230 

49.28 
75.06 

113.82 
170.94 
252 61 

59.30 
88.64 

131.86 
194.13 
280. OB 

121.82 . 

1.97 1.11 
2 16 1.30 

64.26 
81.05 

121. OB 
178.98 
!as. 23 

8 61 6.24 
9.76 

15.40 
23.69 

39.04 36.13 

1 Extension to age 0 by Malvin E. Davis. (See Transaetions Actwrrial Society of 
America vol. 43 Part 1 No 107 p. 103 May1842.) Theseratlrsineludearelatively 
small prbportiod of expkrien’ce 1; the 5 h t  week of life, where the mortality rate is 
high. 

Thompson. John 8., The C0mmf8~ianGr8 1841 srandard Ordinan M&al#P Table. 
Transactions. Actuarial Society of America, vol. 42, Part 2, No. 106. pp. al4-340, 
September 1941. 

6 Thompn, op. cU., p. 326. This srticle givw a wmplete account of the method of 
mnstmctlon of both tables. 

I Report of Jofnt CornmWemn MmlaZitu, Transaetions.Actuaria1 Eoeietyof Amarlca, 
vol. 36, Part 2, No. 92, pp. 3113366. October 1934, and vol. 42, Part 1. No. 105, pp. 
140-149, May 1941. . 55 
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56 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 

United 
States 
total 

whites, 
1939-1941, 

make- 
hamized 

I t  can therefore be considered representative of recent 
life insurance cxperience in t,lie two countries. 

In compnring this table with those ba.sed on the 
exp'erience of the general populattion, severd points 
should be kept in mind. In the first place, although 
the insurance experience included insurance on the livcs 
of women as well as men, policies-on the lives of men 
are f a r  more numerous. In  addit-ion, tabulation was 
on the basis of amounts of insurance rather than lives, 
so that the dceth of 8.11 individuall'hnving $10,000 of 
insurance has the same effect as 10 deaths of persons 
with $1,000 policies. As mcn, in general, carry much 
larger amounts of .insurance thnn women, it is clear 
that the total expezience reflects the mortality of males 
to a much greater extent than that of females. In  the 
second place, all group and iiidustrinl insurance were 
excluded from the experience, which in view of the 
tabulation by amounts rather than lives insufed, sug- 
gests that a very substantial proportion of the total 
insurance represented was held by pcrsons in .the 
higher iiicomc levels. In  the third place, the ex- 
perience mas limited to pcrsons who had undergone a 
medical examination at  the time of issuanceof the policy, 
and also (with some exceptions at  the oldest and the 
youngest ages) to those policies issucd in 1925 or later, 
while at the same time all experience during the first 
5 years of the ,existence of a particular policy wns 
excluded! This means that the experience consisted, 
for the most part, of persons who had been mcdically 
examined between 5 and 15 years prior to the time of 
exposure. 

- 

/ 

. 

Commis- 
sioners 
1941 

Standard 
Ordinary 

~- 

8 Thompson, op. rft., pp. 316, 122-327. 

United 
States 
total 

whitrs, 
1939-1941, 

make- 
hamized 

Table N shows that mortality ratcs under the 1930- 
1940 Experience table are lower at most a.ges than those.' 
of white males in the United States in 1939-1941: This 
is probably due primarily to the influence of the greater 
weight given, in the insurance expcricnce, to persons 
in the highcr income braclrets, and to the inclusion of 
a number of female lives, and only slightly due, if at 
all, to the medical examination,- the effect of which 
would be elrpected to have largely worn off after 5 to 
15 years. The difference is actually somewhat greater 
than the figures indicate, since the insurance experience 
covers a somewhat earlicr period. The mortality rates 
in the Commissioners table are, in general, intermediate. 
between those for white males in 1929-1931 and 1939- 
1941 to about age 60, after which they are h@her than 
either. When the mortality rates of the 1930-1940 
Experience table are compared with those o€ the make- 
haniized mortality table for total whites in 1939-1941, 
it  is found that the insurance table shows lower rates 
at  ages 13 to 19 and 26 to 47 and higher rates else- 
where. A t  ages above 47 .the difference increases 
rapidly. However,. if comparison is made with the 
unmakehamized mortality rates for total whites in 
1939-1941 (table 4 in this volume), the ages at which 
the life insurance mortality is lower arc 18 to 48. 

Table 0 gives %similar comparison of net values of 
immediate whole life annuities and .single and annual, 
net premiums for whole life insurant;?- at 3 percent 
interest.- In  this case, the life table for white males 
in the United States in 1929-1931 is not included in 
the comparison, as commutation columns on this basis 
are not available. These premiums and values me 
,based 'on interest and mortality only, and include no 

Commis- 
sionrrs 
1941 

Standard 
Ordinary 

-~ 

TABLE  IMMEDIATE WHOLE LIFE ANNUITY VALUES AND SINGLE AND ANNUAL NET PREMIUMS 1 AT 3 PERCENT INTEREST, DERIVED 
FROM CERTAIN UNITED STATES LIFE TABLES FOR 1939-1941 AND FROM MORTALITY TABLES BASED ON RECEKT LIFE INSURANCE 
EXPERIENCE IN THE UNITED STATES AND CANADA 

States 
white 
males. 
1939-1941 

AOE ' 
total 

whites, 
1939-1941, 

make- 

VALUE OF IYUEDIATE WHOLE LIFE ANNUITY OF 
ONE PER ANNUY 

26.7047 
27.7461 
27.3545 
26.5553 
25.2266 

7- 

United 
Ytates 
white 
males, 
1939-1941 

* 26.3883 
26.8195 
26.4770 
25.7391 
24.8033 

26.2661 
27.4216 
27. OOBO 
26.1725 
25.1862 

24.1201 
22.94w) 
21.6056 
20.0917 
18. 4247 

16.6360 
14.7687 
12.8673 
10.9775 
9.1155 

7.3134 
5.6634 
4.2881 
3.1562 
2 3350 

0.19307 
.16274 
.17415 
.I9742 

. .22462 

.25447 

.?.SI8 

.a2616 

.36855 

.41531 

t 0.201!% 
,18072 
. I9970 
,22119 
.24845 

,27928 
,31411 
.35317 
,39649 
,44380 

0.00755 
.O0606 
.M 
.00768 .m 

0.00697 
.00566 
.a0614 
.GO716 

. .00844 

7.7029 I 7.0081 
5.4104 

34.5966 
23.4392 
22.1352 
20.6708 
19.0744 

17.3295 
15.4660 
13.5186 
11.5350 
9.6745 

_- 

1930-1940 
Experience 

-__ 
* 27.1190 
27.5557 
27.2266 
26.4962 
25.5628 

24.5249 
23.3616 
22.0339 
20.5160 
18.8243 

16.8813 
15.0544 
13.0688 
11.0826 
9.1781 

7.3785 
5.7324 
4.2787 
3.0444 
1.9084 

23.7453 
22.5489 
21.2078 
19.7207 
18.0928 

16.3393 
14.4864 
12.5730 
10.6494 
8.7742 

IET SINGLE PREMIUM FOR WHOLE LIFE INSURANCE 
OS ONE UNIT 

.01m 

.01!263 

.01511 

.0182!l 

.02235 

.On68 

.03429 

.04m 

.OM36 

.om3 

United 
States 
white 
males. 
1939-1941 

o.mm 
.I721 8 
.18423 
.20857 
.a730 

.26835 

.30246 

.34158 

.38568 

.43422 

.48634 

.64074 

.59512 . .65112 

.70538 

.75787 

.&MI2 

.E4655 

.87896 

.go285 

.m94 

.0117R 

.01410 

.01700 

.02Mi9 

.02543 

.03161 

.03975 

.OW65 

.OB544 

.46613 

.52U41 

.57713 

.63491 

.6W1 

.49497 
,54894 
.I30467 
.66070 
.71531 

.09116 

.12095 

.18089 

.21148 

.WM2 
I 

.OS578 

.11405 

.16359 

.20882 

.!&I94 

1930-1W 
sxperience 

0.18100 
.16828 
.17787 
.18814 
.a2632 

.25656 

.29044 

.32911 

.37332 

.42259 

.47m 

.is239 

.69023 

.I34779 

.m55 

.76597 

.80391 

.84626 

.88221 

.91529 

(ET ANNUAL PREMIUM FOR WHOLE IRE INBUR- 
ANCE OF ONE UNIT 

I United 
United States Commis- 

sioners 
1941 

Standard 
Ordinary 

* 0. Mn37 
.00682 
.00727 
.00827 
.00863 

.01129 

.01334 . 01 590 

.01913 

.02325 

.om% 

.OS45 

.04455 

.05672 

.0,7318 

.09573 

.12687 

.17004 

.22972 

.31228 

Experienea 1930-1940 

r0.0064rl 
. m 9  
.o0630 
.00724 
.00852 

,0100s 
,01192 
,01429 
.01735 

, .02132 . 
.Om6 
.03316 
.04195 
.OS57 
.06912 

1 These premiums and vBlnes am based on'interest and mortality only, and include no allowance lor operating expenses, taxes, or contingencies. They am not to be 

I Based on Davis extension. See footnote to table N. 
compared with the gross premium rates actually charged by life insurance companies. 
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ACTUARIAL TABLES 

allowance for operating expenses, taxes, or contin- 
gencies. They a.re not to be compared with the gross 
premium rates actually charged by life insurance 
companies. . 

Uses of the actuarial tables 
The actuarial tables based on the 1939-1941 United 

States life tables for white males and white females 
. can be used in making valuations and cost estimates 

for pension schemes and collective plans for providing 
benefits to dependent survivors, when the covered 
group can be considered representative of the general 
population of the Nation. This implies, in the case 
of death benefits, that the members of the group have 
not been selected primarily-on the basis of physical 
fitness, economic status, or any -otier charactcristic 
which would materially affect their mortality prospects; 
and, in the case of annuities, that there has not been a 
strong element of self-selection, such as is commonly 
exercised by annuitants .of life insurance companies. 
An example would be a social insurance coverage which 
applies on a compulsory basis to all persons engaged in 
specified occupations. Of course, groups in particular 
occupations involving a special hazard could not be 
considered representative of the general population. 

The actuarial tables can also be used in courts of law 
in damage suits involving loss of income through death 
or disablement, and in all other cases in which a lump 
sum payment is t o  replace a series of periodic payments 
during the life of an individual, and vice versa. Sim- 
ilar, but frequently more complicated, problems arise 
in the valuation of estates, particularly when two or 
more different. heirs have an immediate. or contingent 
interest in the same property. The tables might also 
be used, in some cases, in determining the value of life 
annuities payable under workmen's compensation laws. 

It would be outside the scope of this volume to enter 
into any discussion of t-he technicalities of these various 
uses. However, they all involve the calculation of 
present values of life annuities or net premiwns for 
life insurance benefits. The basic mathematical theory 
underlying these calculations is presented from an ele- 
mentary standpoint on pages 85 to 92 of part IV; and 
specific instructions in the use of the actuarial tables in 
this volume, together with numerical examples, are 
given on pages 92 to 99. For the reader who is already 
conversant with the genera? theory, but wishes to 
acquaint himself with the particular arrangement of 

/ 

- 
tables adopted in this volume, the following swnmary 
may be helpful. 
Auxiliary tables intended for use in connection with 

Subject Tab10 Page 

For single life annuities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  P .87 
88 

For annuities and assurance benefits involv- 
ing two or more joint lives _ _ _ _ _ _ _ _ _ _ _ _ _  R 91 

the actuarial tables 

Reference lists of formulas: 

For single life assurance benefits _ _ _ _ _ _ _ _ _ _  . Q 

Auxiliary tables for use in special calculations: 
In computing values of joint life annuities 

Present value of one due in 1 to 17 
- years at 2, 2!4, 3, and 4 percent in- 

Adjustment factor r .for approximating 
values of joint life annuities involv- 
ing ages under 17 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . U 96 

In computing assurance premiums- involv- 

Values of the rate'of discount for var- 

In estimating joint life annuity values based 
on the separate life tables for white males 
and white females: 

Adjusted ages for use in the rougher 

involving ages under 17: ' 

. t e r e s t -_ l________________________  S 95 

ing two or more joint liv6s: 

ious rates of interest _ _ _ _ _ _ _ _ _ _ _ _ _ _  Y 97 

method of approximation _ _ _ _ _ _ _ _ _ _  Z 98 

Mathematical notation employed in the actuarial tables 
The symbols used in the headings of the actuarial 

tables conform to standard actuarial practice except%hat 
the simpler forms .N, and S, are employed instead of 
PI, and 8,. The spccid open-face symbols have never 
served any real need except in England,Q and their use 
seems to have been almost wholly.conhed to English- 
speaking countries. The usage adopted in this volume, 
besides conforming to general practice outside the 
English-speaking world, has been recommended for 
udoption by a subcommittee designated by the Per- 
manent Committee of the International Congresses of 
Actuaries to study the revision of the international 
sctuarial notation.'O In  order to avoid any pbssible 
:onfusion, the definitions of the symbols N, and E, as 
used in this volume are given a t  the bottom' of each 
page of tables in which they appear. . 

.. 

, 

4 

~~ 

0 See Nolation Internalionale, pamphlet hued  by the Comitd Permanent des Con- 
:r8s Iuternationaux d'Actuaires. p. 4, Bruxellea, FBvrier 1030; also E. F. Spurgeon, 
Life Contingenelea, third edition, pp. 35,36,69, Cambridge University Press, London, 
938. 

10 Notatforr Intmallonak (previously cited);p. 101. The fact that the mange was 
ictually proposed by the British actuarial bodiesshows that there is generalagreement . 
IS to its desirability. / 
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TABLE 14.-uNITED STATES WHITE hlALES: 19'3&1941-ELEMENTARY VALUES ' 

In the Interest of Internel conelstency within the actoarla1 tables, certain of these value8 have been altered very slightly from those appearing in table 6, p. 34, For 
explanation, 888 text. p. 1371 

''E 

I 

OF 100,000 BORN ALIVE 
-- 

Number 
surviving 

to each age 

1. 

10.28757 
- .COS13 

.ao3M) 

.a0212 

.MI167 

.@I144 

.00131 . .00119 . .00110 

.00104 

100, OM) 
95,188 
94 724 
94' 474 
94: 295 

94,150 
94, OM 
W,.W 
93 796 
93: 697 

w, 801 
93,508 
93,413 
93,314 
93,2o8 

93,089 
92,956 
82809 

82,477 

82,293 
82,098 
81,893 
91,679 
91,461 

91,241 
91,019 
90 796 
90' 568 
90: 334 

90, 092 
89,841 
89 579 
89: 305 
89,017 

88 713 
88' 391 
88' 049 
87: 685 
87,290 

86,880 
8% 434 
86,956 
86,440 
84, 

84 285 
83' 839 
82: 943 
82,193 
81,387 

4 649 

80 521 
7d 591 
78,594 
77,526 
76,380 

66 _ _ _ _ _ _ _ _ _  75,156 
I _ _ _ _ _ _ _ _ _  73,851 
67 _ _ _ _ _ _ _ _ _  72,461 
68 _ _ _ _ _ _ _ _ _  70,988 
69 --_______ 69,430 

80 _-_______ 67,787 
61 -________ 66,080 
62 - -_______  -64,247 
63 _ _ _ _ _ _ _ _ _  62 351 
64 - -_______ '00:370 

I 

.001M) 

.00100 

.a0103 

.a0109 

.00120 

, .MI135 
.M)151 
.00166 
.M)179 
.ti0192 

.00206 

.00218 

.00m 

.00236 

.00240 

4,812 
484 
a50 
179 
146 

130 
116 
108 
99 
96 

93 
96 
99 

108 
119 

133 
147 
160 
112 
184 

la 
206 

220 

222 
223 
228 
!u4 
242 

251 
28a 
274 
28a 
304 

323 
342 
384 
389 
416 

446 
41n 
615 
655 
600 
848 
696 
7Kl 
BMI 
868 

e 9 3 0  
BB1 

1.069 
1.146 
1. 

;:; 

85 _ _ _ _ _ _ _ _ _  68,305 
68 - -_______ 58,157 
67 - -_______ 53,925 
B B _ _ _ _ _ _ _ _ _  61,610 
69 - -_______ 49,214 

70 _ _ _ _ _ _ _ _ _  46,730 
71 _ _ _ _ _ _ _ _ _  44,180 
72 _ _ _ _ _ _ _ _ _  41,572 
73 _ _ _ _ _ _ _ _ _  38,894 
74 --_______ 36,166 

75 _ _ _ _ _ _ _ _ _  33,404 
76 _ _ _ _ _ _ _ _ _  30,627 
77--: ___-__ 27,858 
78 _ _ _ _ _ _ _ _ _  I, 123 
79 --------- 22,448 

- 
'ROBABILITY 
P SURVIVING 
1 YEAR AT 
EACB AQS 

P. --- 
' 0.95188 

.99513 

.99m 

.m11 

.88&(B 

.%ma 

. m 7 7  

.89885 

.m94 

.e9638 

.sa901 

.mw 

.me4 

.88886 

. o w 2  

.WE57 

.MIS42 

. WE14 
-99801 

.88189 

.m 
.99767 
.99762 
.99769 

. w 5 7  

.99755 . m 4 9  

.m42 

.99732 

.99721 

.88708 

.99694 

.MI678 
-89658 

.99837 

.89613 

.e9587 

.99556 

.IN523 

. w 7  .w 

.w1 

.w360 

.89203 

-99234 
.88168 
.worm . ow19 
.88938 
.w 

- .OB747 
.88840 
.XI623 
.88381 

.mm 

m242 
.00244 
.00248 
.00255 
.W264 

PROBABILIT 
IF DIINQ IN 
RACE YEAR 
OF AQE 

-- 
q= 

80 ----_---- 19,880 
81 _ _ _ _ _ _ _ _ _  17,383 
82 _ _ _ _ _ _ _ _ _  15,042 
83 _ _ _ _ _  :--- 12,856 
84 _ _ _ _ _ _ _ _ _  10,841 

0.04812 
.00487 
.00264 . 00189 

.00138 

.00123 

.00116 

.00106 

.00102 

. O W  . 00loa 
,00106 
.00114 
.001m 

.00143 

.00168 . 001n 

.OOlBB 

.00199 

.Gila11 . 00m 

.00233 . 00m . 00241 

.00243 

.00245 

.00251 

.00258 .oOm 

. 00m . 00m .oom 

.00322 

.m 

.00363 . .00m 

. W 1 3  

.00444 

.00477 

.00513 . 00564 . wm 

.M)B50 

.00707 

.00768 

.00831 

.m 

. m 1  

.01w 

.01166 

. 0 1 m  

. 0 1 m  

.0147l 

.01603 

. wim 

.00273 

.00285 

.00289 

.OD314 

.00332 

.M)352 

.M)375 

.oO401 

.ML129 

.W80 

.00495 

.00634 

.00578 

.OM)% 

.M)879 

OP 100,000 BORN ALIVE 

Iu _ _ _ _ _ _ _ _ _  9,013 

88 _ _ _ _ _ _ _ _ _  4,717 
89 _ _ _ _ _ _ _ _ _  3,675 

80 _ _ _ _ _ _ _ _ _  2,812 
91 - -___--__ 2,112 
92 _--_____-  1,556 
93 _ _ _ _ _ _ _ _ _  1,124 
04 _ _ _ _ _ _ _ _ _  795.8 

95 _ _ _ _ _ _ _ _ _  551.9 
96 _ _ _ _ _ _ _ _ _  374.9 
97 _ _ _ _ _ _ _ _ _  249.3 
98 _ _ _ _ _ _ _ _ _  ' 1623 
99 _ _ _ _ _ _ _ _ _  103.4 

80 ---__-_-_ 7,382 
87 --__-___- 5,960 

PORCE OP 
MORTALITY Number 

surviving 
t o  each age 

.a0738 

.00802 

.W71 

. m 4 6  

.01114 

.01210 

.01314 

.01427 
* .015W 

.01027 

100 _---_-_- 64.52 
101: __---___ 39.40 
102 23. I 
103 _ _ _ _ _ _ _ _  13.80 

106 _ _ _ _ _ _ _ _  4.458 
108 --_-____ 2463 
107 _ _ _ _ _ _ _ _  1: 336 
108 _ _ _ _ _ _ _ _  .713 

104 _--_---_ 7.920 

1.306 
1,390 
1,473 
1.658 
1,643 

1,727 
1,813 
1896 

2,m 
2, 148 

1: 881 

: 2% 
2% 
a E 
2, 6% 

. 
2,777 
2, 769 

2,a 
2% 
2E 
2,187 
2,014 
1, 

1,631 
1.432 
1,233 
1, 

700 
668 
432 
328.2 
243.0 

In. 0 
125.6 

g: : 
38.88 

25.12 
15.84 
9.76 
6.880 
3.462 

1.995 
1.127 
.62Z 
.7?3 

PROBABILITY 
IF SURVIVING 
1 YEAR AT 
EACH AQK 

P. 

O.$J8!264 
.gSll8 
.97967 
.m 
.97634 

.97452 

.97256 

.I37049 

.w23 

.96579 

.96316 .wz5 

.95707 

.85367 

.94971 

. 94M 
-94076 
.93558 
.82888 
.92363 

.91687 

.m59 

.801& 

.88352 

. a 7 1  

1.875% 
.88633 
.w1 
.W33 
.83138 

.81904 

.80601 

.79277 

.77910 

.76517 

.75107 

. m 7 4  

. m 7  

.70801 

.69352 

.e7829 

.88188 

.e5102 

.037oQ 

.e2388 

. Blot36 

.b9797 . m 7 4  

.57391 

. I 2 8 6  

.Mu3 

. a376  

.woo0 

.55i49 

?ROBABILITY 
DP DYINQ IN 
EACH YKAR 
OF AQE 

4. 

0.01736 
. 0 1 m  .om 
.02195 
.02388 

.om8 

.om44 

.Om51 

.03177 

.03421 

.03884 

.03976 

.04283 

.04813 

.05028 

.w 

.om4 

.08042 

.OM14 

.07037 

.08313 

. rn18 

.lo848 

.11528 

.1um 

.I3467 

.l4539 

.I5887 

.1w2 

.1m 

.19399 . 243723 .m 

.ma3 

.24893 

.28199 

.3ow 

.3350?, 

. 3 m  

.36201 

.37002 

* 35934 
.4om 
.414% 
.42808 
.43712 

.44761 

.45757 

.46624 
1.00000 

. .om1 

. mza 
,27703 

.3207i 

FORCE OF 
MORTALITY 
LT EACH AOK 

\ 

(1. 

0.OlsBa 
.01824 
.01976 
.02135 . om 
.om 
.0%79 
.0m7 
.03109 
.0560 

,03613 
,03800 
.04217 
.0461 
.049w 

.OK376 

.0w9 

.06374 

.06966 

.07588 

,08301 
.0m66 
.om 
.I0785 
.11742 

.I2772 

.1m 

.16074 

.1m 

.17737 

.I8203 . 

.M764 

. a 2  

.2408( 

. 2 m  

.37831 

.39732 

.41863 

.43886 

.46120 

.48u5 

.60361 

.5242!i 

.644K3 

.m23 

.58317 

.eQ132 

.61822 

, 



I- 

1,611, 142.8 
1, 578.962. 58 
1,551,500.02 
1,524,483.44 
1,497,702.44 

- - 
1 - 
( 
I 

! 
1 
L 

1( 
1 
1: 
1: 
.l' 

l! 
If 
1; 
1t 
11 

2i 
21 
2: 
2: w 

, 2! 
2f 

' 2 1  
2f 
26 

30 
31 
32 
33 
31 

35 
38 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
- 

5! 
51 
6' 
51 
51 

D. 

100, ow 
93 321 
91) OH 
89: 02: 
87,114 

85 275 

81; 748 
80,054 
78,401 

76 785 
75: 205 
73,658 
72 135 
70: 890 

69,168 
67,713 
66 281 

, 63,479 

83: 487 

64: 869 

so: 764 
62 111 

59,440 
58,139 
68,863 

55,614 
54 391 

52,020 
50, 868 

49 737 
48' 626 

46,459 
45,401 

44 359 
43: 331 
42 317 
41: 316 
40,326 

39 347 
38: 378 
37 417 

35: 516 

34,573 
33,636 
32,702 
31 771 

63:.194 

47: 634 

38' 463 

30: 842 

28: 890 

26: 218 

29 916 

28066 
27' 141 

430.53 
449.58 
467.08. 
484.35 
SM). 76 

59 ACTUARIAL TABLES 
TABLE ]&-UNITED STATES WHITE MALES: 1939-1941-COMMlJTATION COLUMNB AT 2 P E R C E N T  INTEREST 

1,471,086.81 
1,444.602.51 
1,418,233.65 
1,391,965.77 
1,365,790.07 

N. 

B( 
6 
61 
B: 
& 

3,458,80i 
3,358,801 
3,265,48: 
3,174,43f 
3,085,414 

2, w, 301 
2,913,025 
2,829,636 
2,747,786 
2,667,73: 

2,589,334 
2,512,546 
2,437,344 

2E:E 
2,220,913 
2,151,741 
2,084,034 
2,017,753 
1,952,884 

1,889,405 
1,827,294 
1,766,530 
1,707,090 
1,648,951 

1,592,088 
1, 536,474 
1,482,083 

, 1,376,869 

1,326,001 
1,276, 264 
1,227,638 
1,180,104 
1,133,645 

1,428.889 

::%E 
1, ooo, 554 

958,237 
916,921 

876,595 
837,248 
798,870 
761,453 
724,690 

689,474 
654,801 

,621,265 
@8,563 
556,792 

525,950 
496,034 
467,044 
438,978 
411,837 

1,339,697.21 
1,313,683. 10 
1,287,743.78 
1,261,879.37 
1,236,091.49 

1,210,383.95 
1, 184,764. 83 
1,159,242.59 
1, 133,825.33 
1,108,520.10 

S. 

94 230 791 

87: 413: 18: 
84 147 69 

77 887 84, 

71 976 51! 
69: 146: 98 
66,369,19! 

63 732 45 
61: 142: 12 
58,628,57, 
58,192,231 
53,828,5& 

51,536, QE! 
49,316,071 
47,164, 3 1  
45,080. 29! 
43,062,54! 

41,109,651 
39 220 25: 

35,626,41 
33,918,331 

32,270,381 

29: 141:824 
27,659.7G 
26,230,854 

24,863,QE: 
23,527,984 
22,251,7% 
21,024,082 
19,843,97E 

18 710 333 
17: 622: 089 
16,578,204 
15,577,650 
14,619,413 

13 702 492 
12: 825: 897 
11 988 649 
11' 189) 779 
10: 428: 326 

9 703 336 
9: 013: 862 
8 358 961 
7: 737: 696 
7, 149, 133 

6 592 341 
6: 066: 391 
5 570 357 
d 103' 313 

m' 771' 981 

80: 973: 

74: 889: 54, 

37: 392: 951 

30 678 30( 

4: 884: 335 

# .  

B! 
61 
6: 
6l 
61 

71 
71 
7: 
7i 
7~ 

- - 
C. 

717.6 
445.98 
235.58 
165.37 
131.33 

115.44 
100.98 
92.17i 
82.83f 
78.75: 

74.7w 

76.53( 
80.33! 
88.411 

96. 
104.98 
112.03 
118.07 
123.83 

128.66 
132.60 
135.71 
135.64 
134.10 

132.66 
130.65 
130.96 
131.77 
133.60 

135.85 
139.03 
142.54 
146.89 
152.01 

157.85 
164.37 
171.51 
179.70 
188.40 

198.03 
208.51 
219.79 
232.21 
246.12 

159.79 
174.41 
189.80 
105.44 
121.74 

l38.75 
156.03 
174.26 
193.00 
111.88 

- 

74. mi 

- 

838,668.37 
814,931.29 
791,330.06 
767,867.86 
744,548.20 

32,180.2 
27,462. 51 
27,016.5, 
26,781.01 
26,615.8. 

26,484.3 
26,368.81 
26,267.8: 
26, 175. 71 
26,092.81 

26,014.1 
25.939.3 
25,864.4 
25,787. & 
25,707.6 

25,619.1 
25,522.2. 
25,417.21 
25,305. Z 
25, 187. 11 

25,063.3: 
24,934.6 
24,802.0 
24,6G6.31 
24,530.8: 

24,396.7: 
24, 264.01 
24,133.41 
24,002.4! 
23,870.a 

23,737. OE 
23,601.2 
23,462.X 
23,319.6f 
23,172.77 

23, om. 7e 
22,862.91 
22,698. 54 
22,527.03 
22,347.33 

22,158.93 
21,860. m 
21,752.39 
21,532.60 
21,300.39 

21,054.27 
20,794.48 

20,230.17 
19,924.73 

IS602.88 
19,264.24 
18, 908.21 
18,533.95 
18,140.96 

20, 520.07 

85 
86 
87 
88 
89 

721,375.43 
698 354.67 
675;491.76 
652,793.22 
lyo,266.19 

607,918.86 
585,759.93 
583,788.03 
542,046.64 
520,514.04 

469,213.65 
478,159.38 

436,844,83 
416,614.66 

396,689.93 
377,086.94 
357,822.70 
338,914.49 

457,364.80 

320,380.54 

80 
91 
92 
93 
94 

95 
96 
97 
98 
69 

100 
101 
102 
103 
104 

105 
I06 
107 
108 

1,083,332.94 71 
1,058,269.61 7f 
1,033,334.94 .7i 
1,008,532.87 7$ 

983,866.51 !! 7f 

D. 

25 280 

23,437 
22 510 

20,600 
19,731) 
18, 821 
17,907 
16,698 

16,095 
15,198 
14,308 
13,425 
12,551 

11,686 
IO, 832 
9, 980. 5 
9,163.7 
8,353.9 

7,564.6 
6,769.7 
6,063.7 
5,361.2 
4,696.4 

4,073.5 
3,495.5 
2,965.5 
2,484.6 
2,054.3 

1,674.4 
1,344.5 
1,062.4 

24: 364 

21: 584 

825.75 
630.73 

473.15 
348.40 
251.65 
178.22 
123.71 

84.109 
56.014 
36.518 
23.308 
14.558 

8.8059 
5.3319 
3. 1258 
1.7950 
1.0100 

.55734 

.30189 

.16054 

.08401( 

I 

N. 

385,621 
300,331 
335,967 
312,530 
280,020 

268,436 
247,776 
228,037 
208,216 . 
191,309 

174,311 
158,216 
143,018 
128,710 
115,285 

91,048 
80,215.8 . 
70,225.3 
61,061.6 

62,707.7 
45, 143. 1 
38,343.4 
32, 279. 7 
26,918.5 

22,222.1 
18, 148.6 
14,653. 1 
11,687. e 
9, 203. o 
7,1487. 
5,474.3 
4,129.8 
3,067.39 
2,241.64 

1,610.91 
1,137.76 

789.36 
537.71 
359.49 

235.779 
151.670 
95.656 
59.138 
35.830 

21.2724 
12.3665 
7.0346 
3.9085 
2.1138 

1.10378 
.54644 
.24455 
.08401c 

102,734 

S* IC. 
,252,498 
8,866,877 
8,506,546 
,170,579 . 
',_&a, 049 
,.568,029 
,299,593 
,051,817 
,823,780 
,614,664 

,423,255 
~ 248,944 
,090,728 
947,710 
819, OOO 

703,715 
800,981 
509,933.3 
429,717.5 
359,492.2 

298,430.6 
245,722.9 
200,579.8 
162,236.4 
129,856.7 

103,03$. 2 
80,816.1 
62,667.5 
48,014.4 
36,326.8 

27,123.8 
19,975. 1 
14,500.8 
10,371.01 
7,303.62 

5,061.98 
3,451.07 
2,313.31 
1,523.95 

986.24 

626.748 
390.969 
239.299 
143.643 
84.505 

48.6749 
27.4025 
15.0380 
8.0014 
4.0926 

1.97878 
.E7500 
.32858 . woia 

M. 

17,729.07 
17,298.54 
16, 848.86 
16,381.88 
5,897.63 

5,386.77 
4,880.73 
4,349.62 
3,805.08 
3,247.29 

2,677.25 
2,095.92 
1,503.70 
0,801.60 
0,280.45 

9,671.63 
8,046.81 
8,417.66 
7,786.71 
7, 156.58 

8, 531. 10 
5,914.56 
5,311.85 
4,728.21 
4,168.57 

3,637.75 

a, 255.44 
I, 873.81 

3,139.66 
2,678.14 

1,534.21 I, 237.16 ' 

981.45 
765.60 
686.77 

441.66 
326.091 
236.170 
167.674 
116.866 

79.486 
53.040 
34.642 
22.1481 
13.8554 

8.4d7 
5.0893 
2.9878 
1.71835 
.%Sa3 

.63571 

.29118 

.15574' 

.om% 

! 302, 239. R' 59 
284,510.52 
267,211.98 
250,363.02 
233,981.14 

218,083.61 zO2.886.84 

187,806.11 
173,456.49 
159.651.41 

146,404.12 
133,726.87 
121,830.86 110,127.25 

69, a25.75 

88,835.30 
79,203.67 
70 216 88 el: 788: m 
54,012.49 

46 856 91 
40' 324' 81 
34: 410: I 
28,098.40 
24,370.19 

20,201.62 
16,663.87 
13,424.21 
10,746.07 
8, 480.63 

0,616.82 
5,062.61 
3 845 46 

2,098.41 

1 511.64 
1: 070.080 

743.989 
607.818 
340.145 * 

223.489 
144.003 
90.863- 
56.3212 
34.1731 

2: 8ei 01 

z0.3in 
11.8280 ' 
8.7397 
3.75188 
2.03353 ' 

1.oBwo I 

.52929 

.238110 . OK2363 

, 

, - .  

\ 



, 166, 413.7 
,140,662.43 

,099,890. 69 
,079,807.79 

,120,205.74 

65 
56 
57 
58 
59 

,059,887.06 
,040,094.49 
,020,414.02 
,000,831.14 
981,338.90 

961,921.93 
942,581.96 
923,312.86 
904,114.40 
884,987.76 

60 
61 
62 
63 
64 

6.5 
[io 
67 
68 
69 

865,936.14 
846,W6.68 
828,086.82 
809,303.66 
790,622.89 

772,049.Rl 
753,589.02 
735,244.33 
717,018.72 
698,914.38 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

680,930.67 
663,065.43 
645,317.11 
627,683.28 
810,163.65 

80 
A 1  
82 
83 
84 

692,758.37 
575,468.46 
558,295.29 
641,241.01 
524,308.03 

85 
88 
87 
88 
89 

507,499.44 
490,818.05 
474,270.83 
457,859.87 
441,591.34 

425.471.31 
409,506.21 
393 703 16 
378: 069: 91 
362,614. 77 

90 
91 
92 
93 
94 

95 
96 
97 
98 
99 

347.340.69 
332.276. 51 

302,768.74 
28R.353.14 

317,413. $9 

100 
101 

103 
104 

102 

274,li7.00 
260,254. 62 
246,595.32 

220,117.71 233,212.11 

105 
106 
107 
IO8 

. 
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TABLE 16. -uNITED S T A T E 0  W H I T E  MALEB: 1939-1941-COMMUTATION C O L U M N 6  AT 2% P E R C D N T  I N T E R E 6 T  - - 
C. 

5'. 40 
IO. 22 
il. 74 
i2. 96 
13.43 

12.95 
22.21 
10.16 
)7,90 
14.83 

10.88 
20.77 
31.85 
36. 05 
39.45 

$1.55 
$2.44 
$1.54 
38. 81 
33.44 

15.17 
13. 60 
38. be8 
10.31 
58.97 

35.19 
N. 06 
31.69 
53.08 
24.10 

37.10 
io. 37 
15.73 
03.511 

73.989 
57.343 
43.467 
32.218 
23.358 

16. E38 
11.449 

- 

a5.07 

7.7371 
5.1104 
3.2911 

2.0745 
1.2762 
.76717 
.45092 
.2&901 

.14562 

.08025 

.04327 

.04833 

- 
I_ 

C. 

094.6 
441.64 
232.15 
162.17 
128.16 

112.10 

- 

97.587 
88.641 
79. E2 
74.085 

70.879 
70.638 
71.817 
75.019 
82.165 

89.592 
86.608 

102.59 
107.59 
112.29 

116.10 
119.08 
121.,27 
120.53 
118.67 

116.82 
114.49 
114.20 
114.35 
115.37 

118.74 
118.89 
121.30 
124.39 
128.10 

132.37 
137.16 
142.43 
148.50 
154.93 

162.05 
169.80 
178.11 
187. ZC 
197.50 

207.46 
218.07 
229.25 
240.36 
251.96 

263.98 
276.09 

301. 80 
314.75 

288. a i  

-- 
N. 

;o, 794 
I1,W . 

18,253 

,2,940 
!5,204 

12,078 
6,671 
i2,021 
18,124 
14,964 

n. 533 
IO, 820 
W ,  814 
i9,502.9 
19,875.5 

10,918.9 
I2,620.2 
i4,965.5 
17,931). 9 
11,527.2 

I5J09.7 
IO. 467.6 
E, 778.5 
!I. 617.4 

14,764.8 

9 657.8 
7: 871.9 
6,016.2 

17,950.3 

12,010.1 

N .  S. D ,  s. D. 

loo, 000 
92,868 
90, 180 
87,729 
85,427 

83,215 
81.073 
78 898 
76: 983 
75,026 

73,121 
71,267 
69,458 
67.692 
65,964 

64 275 
62: 617 
60 994 
58' 403 
57: 847 

56,324 
54,834 

61,954 
. 50,567 

49,215 
47,897 
46 616 

44,143 

42,951 
41,786 
40,648 
39,536 
38,447 

37,381 
, 36,337 

35,314 
34,310 
33,324 

32,357 
31,406 
30,470 
29,548 
28,641 

27,744 
20,860 
25,987 
25,121 
24,271 

23,427 
22,592 
21,764 
20,945 
20,132 

53,377 

45: 3n3 

77,493, 669 
74,437,167 
71,480,665 
68,617,029 
65,843,553 

63,157,806 
GO 557 486 
58: 046 361 
65,004,349 
63,247,316 

50, ?7,264 
48, ,62,239 
46,630,335 
44,669,688 
42,578; 519 

25,451.3 
20,758.68 
20,315.05 
20,082.90 
19,920.73 

19,792.57 
19,680.47 
19,582.88 
19,494.24 
19,414.97 

19,339.97 
19,269. 10 
19,188.46 
19, 126.64 
19,051.62 

18,869.46 
.IS, 879.86 
18,783.26 
18,680.67 

18,460.79 
18,344. 69 
18,225.61 
18,104.34 
17,983.81 

17,86514 
17,748.32 
17,633.83 
17,519.63 
17,405.28 

17,239.91 
17,173.17 

16,932.88 
16,808.59 

16,680.49 
16,548.12 
16,410.96 
16,268.53 
16, 120.03 

15,965.10 

15,633.25 
15,455.14 
15,267.W 

15,070.3F 
14,862.92 
14,644.85 
14,416.K 
14,175.24 

13,923. B 
13,659.3C 
13,383.21 
13,094. .IC 
12,792. 6C 

18,573.08 

17,054.28 

15,803. n5 

I, 326 
I, 528 
', 736 
1,951 
I, 175 

I, 407 
I, 648 
I, 899 
I, 160 
!, 431 

,713 
,006 
1,311 
I,  an. 4 
I, 956.6 

I, 298.7 
I, 654.7 ', 025.6 
i, 412.7 
), R17.5 

I, 242. 1 

I ,  101.1 
I, 661.1 

I, 688.1 

I, 191.5 

!, 754.7 
!, 352.3 
I ,  985. 9 
I 655.7 
I: 362.h 

,477.85 
, lho. 45 
,810.23 
,458.49 
,095.53 

1,722.10 
1,339. 15 
1,946.94 
I, 546.78 
1,138.88 

I, 724.05 
I, 303.07 
', 876.30 
', 444.45 
', 008.40 

I, 568.95 
1,127.40 
1,684. 86 
I, 243.42 

804.61 

,371.17 
,,946.00 
8,532.40 
I. 133.84 
1.753.53 

!, 394.56 
I, 058.37 
,750.31 
,468.62 
,215. M 

991.44 
786.37 
629.27 
488. 90 
373.167 

279.6.56 
205.657 
148.314 
104.847 
72.629 

49.271 
32.733 
21.2839 
13.5468 
8.4364 

012,161 
731,367 
469.89Q 
225,959 
001,755 

793,502 
801,424 
424;763 
262,730 
114,606 

3,056, boa 
2,956,502 
2,863,636 
2,773,476 
2,685,747 

148.332.56 
137,610.46 
127,271.31 
117,324.37 
107.777.59 8 

9 2; 280; 051 
979.642 
857, I09 
746,289 
646,474.6 
558,971.7 

IO 
11 
12 
13 
14 

2,205,025 
2, 131,804 
2 060 637 
1: 891: 179 
1,923,487 

QR, 638.71 
89,914.66 
81,611,69 
73,735.29. 
68,280.84 

59. a 2 . 4 1  
52,713.49 
46,586.09 
40,801. 13 
85,657.71 

I, 557,521 
1,793,246 
1,730,629 
1,669,635 
1,610.232 

40,655.032 
38,797,511 
37,004,265 

- 35,213,630 
33,60i. 001 

31 893 769 
-30: 441: 3'74 

27,504,066 
26,116,246 

28,945,321 

477 086.2 
406: 177.3 
343,557.1 
288,591.6 
240,651.7 

15 
18 
17 
18 
19 

199,124.5 
163,414. 8 
132,947.2 
107,lM. 7 
85,551.3 

67,595.0 
52.830.2 
40,820.1 
31, 162.3 
23,490.4 

20 
21 
22 
23 
24 

1 552 386 
1: 494 061 
1,441.227 
1,387,850 
1,335,896 

30,853.10 
26,481.93 

15,869. 69 

22,535.93 
19,003.53 

13,116.\6 
-10.721. 60 

8,602.23 
6, 911.92 
5,443.30 

4,227.76 - 
3,236.32 
2 439.95 

1,321.785 
1: am. 68 

25 
26 

I 27 

29 

30 
31 
32 
33 
34 

35 
36 
37 
3s 

.39 

40 
41 
42 
43 
44 

45 
46 
47 
48 

50 
51 
52 
53 
54 

28 

411 

- 

I ,  285,329 
1,238,114 
1,188,217 
1 141 602 
1: 086: 239 

I ,  n52,090 
1,009,145 

967,359 
926,711 
887,175 

24.780.350 
23,495,021 
22,258.907 
21,070,690 
19,829,088 

18,832, E49 
17,780,753 
16,771,608 
15,804,249 
14,877.538 

I) 104.9 
882.92 
694.29 
536.99 
408.16 

301.70 
223.27 
180.48 
113.10 
78.120 

35.029 
22.725 
14.434 

52.856 

8.9714 

5.4614 
3.2538 
1.8982 
1.0847 
.6073f 

.3335? 

.1797E 

.OY51i 
' ,04954 

4 653.9 

2: 666: 09 
1.971.80 

3l549 01 

1,434.81 

1,025.65 
721.95 
498.68 
3%. 20 
225. om 
146.979 
94.123 
59.084 
36.369 
21.9348 

12.8634 
7.5020 
4.2482 
2.3500 
1.26535 

. .65799 
.32446 
.14468 
.04954 

17,474.2 
12,820.29 
9,271.28 
6. 605.19 

948.618 
668.962 
463.305 
314.991 
210.144 

848,72'3 
811,347 
775,010 
739.696 
705,386 

13,890,363 
13 141 035 
12: 330: 288 
11,555,278 
10,815,582 

10,110, 196 
9,438,134 
8,799,428 
8 190 130 
$612: 301 

3,198.58 
2,171.93 

951.30 
613.104 

1,449.98 

388.005 
241.026 
146.903 
' 87.809 

61.4404 

137.615 
88.244 
55.5110 
34.2271 
20.6803 

672,oR2 
639,705 
608,299 
577,829 
548,281 

?,064,02C 
?I, 644,3RO 
6,052,484 
5,587,448 
5,148,396 

29.5056 
16.5422 
9.0402 
4.79m 
2.44202 

1.17667 
.518M 
.I9422 
.04954 

5.1453 
3.0708 
1.794m 
1.02741 
.57649 

12.2439 
7.0988 
4.02777 
2.23319 
1.20578 . 

.31748 

.17186' 

.09160( 

.04833i 

.62928 

.311807 

.138843 

.048334 

389,654 
366,227 

321,871 
300, R20 

343, e35 

4,734,474 
4,344, ax 
3.634,95€ 
3,978,593 

3,313,081 



ACTUARIAL, TABLES 

769,359.63 
754,397.63 
739,544.50 
724, 785.69 
710, 112. 13 

61 

61 
6 
6: 
6: 
6, 

- - 
I - 
I 

! 
I 
I 

II 
I 
1: 
1: 
I d  

1: 
1f 
l i  
IE 

24 
21 
2: 
z 
24 

2 
2€ 
21 
22 
28 

30 
31 
32 
33 
34 

35 
36 
37 
38 

b 39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

1: 

- 

695,514. 45 
W,Q88.20 
666,529.14 
652.136.71 
637,811.69 

DZ 

100, oo( 
92,41f 
89,28t 
86,45i 
83,78( 

81.21: 
7% 74c 
76,353 
74,043 
71,81 I 

69,648 
67,552 
(5,518 
63,542 
61,621 

59,750 
57,927 
56,151 

2 ;: 
51,100 
49,507 
47,958 
46,453 
44,993 

43,577 
42,205 

39,585 
38,333 

37,117 
35,935 
34,787 
33,670 
32,584 

31,527 

29,495 
28,517 
n, 564 

26,634 
25,725 
24,837 
23,970 
23,120 

22. 288 
21,473 

19, 891 
19.122 

18,367 
17,626 
16,899 
16,183 
15,480 

40,875 

30,498 

20,674 

6: 
6( 
6; 
6t 
6( 

TABLE !7.-uNlTED S T A l E S  W H I T E  MALES: 1939-1941-cOMMUTATlON C O L U M N S  A T  3 P E R C E N T  I N T E R E S T  

486,048.68 
475868.44 
459,791.13 
446,814.21 
433,936.94 

421,158.97 

395,602.83 
383,426.70 
371,053.88 

358,788.48 
346,621.12 
334,578.86 
322,645.16 
310,829.84 

408,480.70 

m, 137.35 
287,572.39 
276,140.17 
204.846.36 
253,697.03 

2,726,60 
2,626,60 
2, 534, 19 
2,444,801 
2,358.44 

2, 274,661 
5193 ,45  
2, 114,71~ 
2,033,36 
1,964.31I 

1,892.50; 
1,822,85I 
1,755,30; 
1,689,78$ 
1,626,24i 

1,564,62f 
1,504,87t 
1,446,945 
1,380, 79E 
1,336.37t 

1 .283 ,w  
1,232,538 
1,183,031 
1,135,073 
1,088,62( 

1,043,621 
1,000,05C 

957,845 
916,970 
877,385 

839,052 
801,935 
766, ooo 
731,213 
697,543 

664,959 
633,432 
602,934 
573,439 
544,922 

517,358 
490.724 
464, 999 
440,162 
416,192 

393,072 
370,784 
349,311 

308,746 

289,624 
271,257 
253.631 
236,732 no, 549 

328,637 

80 
81 
82 
83 
84 

85 

87 
88 
89 

go 
91 
92 
93 
84 

88 

95 
96 
97 
98 
99 

S. 

242,698.87 
231,859.37 

200,366.88 

221,185.72 
210,685.55 

64,373,11 
61,646,51 
59,019,90 
56,485,71 
54,040,80 

51,682, 351 
49,407,w 
47,214,23: 
45, 099, 511 
43,061,154 

41,096,841 
39,204.33: 
37,381,47< 
35,626,16; 
33,936,371 

32,310, 131 
30, 745, 50: 
29,240,62! 
27,793,68( 
26,402,88: 

25,068,50f 
23,782,86[ 
22,550,33[ 

20,232,22t 

19,143.80f 
18,089,97S 

21,367, %X 

17,098,926 
16,142,084 
15,225,114 

14,347,72s 
13,508,677 
12,706,742 
11,940,741 
11,209,528 

10,511,986 
9,847, on 
9,213,595 
8,610,661 
8, 037, 222 

6,974,942 
6.484, 2lg 
6,019,219 
5,579,057 

5,162,865 
4,769,793 
4,399,009 
4,049,698 
3,721,061 

3,412,315 
3,122,691 
2,851,434 
2,597,803 
5361.071 

7,492, 300 

100 
101 

.IO2 
103 
104 

,671.8 
437.36 
228.79 
159.04 
125.08 

108.87 
94.31f 
85. 25€ 
75.87E 
71.433 

67.185 
66.631 
67.414 
70.078 
76.382 

82.881 
88.937 
93.983 
98.089 

101.87 

104.82 
106.99 
108.43 
107.24 
105.07 

102.94 
100. 39 
99.653 
99.297 
99.701 

100.40 
101.74 
103.31 
105.42 
108.04 

111.10 
114.58 
118.38 
122.83 
127.53 

132.74 
138.41 
144.48 
151.17 
158.66 

165.85 
173.48 
181. 50 
189.37 
197.54 

214.37 
123.15 
232.06 
WO. 84 

105.96 

- 

M. 

20,584.1 
15,912.2 
15,474.9 
15, 246. 1 
15,087.01 

14,962. M 
14,853. 1: 
14,758.8 
14,673.51 
14,597.61 

14,526.Z 
14,459. OI 
14,392.4: 
14,325.0: 
14, 254.91 

14,178.5t 
14,085.61 
14,008.74 
13,912.7E 
13,814.65 

13,712.8C 
13,607.88 
13, m. 9Q 
13,392 56 
13,285.31 

13, 180. 25 
13,077.31 
12,976.92 
15 877.21 
15 777.97 

12,678. 27 
12,677.87 
12,476.13 
12,372.82 
12,267.40 

15159.36 
12,048.26 
11,933.70 
11,815.32 
11,6Q2. 49 

11,564.96 
11,432 22 

11,149.33 
10, 9QS. 16 

IO, 839. 50 
10,673.65 
IO, m. 17 
IO, 318.67 
10,129.30 

9,931.76 
9,725.80 
9,511.43 
9,288.28 
9,056.22 

11,293.81 

ggl(1 f 
567,363.01 74 

151,780.31 

14,788 
14,108 
13,439 
12,783 
12,138 

11,506 
LO, 886 
IO, 279 
9,685. 0 
9,104. 1 

8,536 6 
7,982.6 
7,442. 1 
6,915.2 
6.402. 1 

5,903.0 
5,418.5 
4,949.0 
4,495.4 
4.058.3 

3,639. 2 
3,239. 5 
2,860.8 
2, a504.8 
2, 172. 9 

1,866.4 
1, 586.0 
1,332.5 
1, 105.6 

905.20 

730.64 
581.00 
454.65 
349.94 
284.69 

196.64 
143.39 
102.56 
71.929 
49.443 

33.291 
21.955 
14.175 
8.9592 
5.6416 

3.3572 
1.9904 
1.1555 
.I35712 
.36615 

.2ooo9 

.lo733 

.05652 

.02929: 

205,069 
190, 281 
176,173 ~ 

L62,734 
149,951 

137,813 
!26, 307 
15,421 
05, 141.5 
95,456.5 

86,352.4 
77,815 8 
69,833.2 
62,391. 1 
55,475.9 

49,073.8 
43, 170.8 
37,752.3 
92,803.3 
28,307.9 

24,249.6 
20,610.4 
17,370.9 
14, 510. 1 
12,005. 3 

9,832.4 
7,966.0 
6,380.0 
5,047. 5 
3,941.92 

3,036.72 
2,306.08 
1,725.08 
1,270.43 

920.49 

655.80 
459.16 
315.77 
213.213 
141.284 

91.841 
58.550 
36.505 
22.4204 
13.4612 

7.9196 
4.5624 
2.5720 
1.41650 
.75938 

.39323 

.I9314 

.os581 

.02929 

SZ 

!, 140,522 
,935,453 
,745,172 
,568,999 
,408.265 

,256,314 
,118,501 
992,194 
876,773.4 
771.631.9 

676,175.4 
589,823.0 
512, 007. 2 
442,174.0 
379.782.9 

324,307.0 
275.233. 2 
232,062. 4 
194,310.1 
161,506.8 

133,198.9 
108,949.3 
88,338.9 
70,968.0 
56,457.9 

44,452.6 
34,620. 2 
26,654.2 
20,274.2 
15,226.75 

11,284.83 
8, 248.11 
5,942.03 
4, 216.95 
2,946. 52 

2,026.03 
1,370.23 

911.07 
695.296 
382.083 

240.799 
'148.958 

90.408 
'53.8130 
31.3926 

17.9314 
10.0118 
5.4494 . 2.87735 
1.46085 

.70147 

.30824 

.11510! 

.029291 

249.30 
157.81 
t65.24 
t72.38 
US. 87 

B4.59 
!!%I. 06 
94.51 
98.75 
102. 34 

#05. 34 
08.04 
10.18 
11.69 
12.59 

12.56 
11.67 
09.52 
06.12 
00.91 

93.73 
84.35 
72. 68 
58.93 
43.21 

26.00 
07.37 
Bs. 09 
68.18 
48.19 

28.37 
09.42 
01.472 
75.051 
BO. 348 

47.524 
36.648 
27.645 
20.391 
14.712 

IO. 366 
7.1413 
4.8025 
3.1567 
2.0230 

1.2690 
.77689 
.46475 
.27184 
.I5539 

.08693, 
,04788 
,025581 
.Om31 

M* 

8,815.38 
8,566.08 
8,308.27 
8,043.03 
7,770.65 

7,491.78 
7,207. 19 
6,917. 13 
6,622.62 
6,323.87 

6,021.53 
5,716. 19 
5,408. I5 
5,087.97 
4,786.28 

4,473.69 
4, 161. 13 
3,849.46 
3, 539.94 
3,233.82 

2,932.91 
2,639.18 
2,354.83 
2,082. 15 
1,823.22 

1,580.01 
1,354.01 
1.146.64 

958.55 
790.39 

642.20 
513.83 
404.407 
312.935 
237.884 

177.536 
130.012 
93.364 
65.719 
45.328 

30.616 
20.2500 
13.1087 
8.3062 
5.1495 

3.1265 
1.85751 
1.0806: 
,6158i 
.34403 

.1w 

.lo1701 

.OW24 

. O M  

R, 

42,724. OB 
33,908.71 
25,342.63 
17,034.36 
08,991. 33 

01,220.68 
93,728.90 
86,521.71 
79,604.58 
75081.96 

06,658. OY 
60,636.56 
54,920.37 
49,512.22 
44,414.25 

39,627.97 
35, 154.28 
30,993. 15 
27,143.69 
23,603.75 

20,369.93 
17,437.02 
14,797.84 
12,443.01 
IO, 360.86 

8,537.64 
6,957.63 
5,603.62 
4,456.98 

2,708.04 
2,065.84 
1,552.013 
1,147.606 

834.671 

596.787 
419.251 
289.23Y 
195.875 
130.156 

84.828 
54.2117 
33.9617 
20.8530 
12.5468 

7.3973 
4.27084 
2.41333 
1.33271 
.71684 

.372807 

.I84167 

.082462 

.028438 

3,498.43 

.. 

746605 0 - 47 - 5 



'6 2 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 
TABLE '18.-uNITED STATES W H I T E  MALES: 1939-1941-COhlhlUTATION COLUMNS AT 3% PERCENT INTEREST 

627,477.7 
610,445.09 
598,081.77 
586, 111.60 
574,386.92 

562,818.23 
551,371.63 
540,030.79 
528,781.13 
517,613.48 

- - 
2 - 
0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

55 
56 
57 
58 
59 

60 
61 
02 
fi3 
Fd 

20 
21 
22 
23 
24 

190.09 
195.62 
200. 28 
204.69 
208.55 

211.80 
214.83 
217.07 
219.13 
220.70 

221.80 
222.68 
223.16 
223.15 
222.72 

221.62 
219.92 
217.35 
213.92 
209.27 

203.29 
195.85 
186.90 
176.62 
165. IO 

152.67 
139.41 
125.83 
111.96 
98.185 

84.642 
71.801 
59.733 
48.773 
39.028 

30.586 
23.473 
17.621 
12.934 
9.2871 

25 
28 
27 
28 
29 

506,518.47 
495,491.52 
484,528.27 
473,627.89 
462,790.81 

452,019.21 
441,318.64 
430,694.78 
420,152.82 
409,697.00 

30 
31 
32 
33 
34 

65 
66 
67 
68 
69 

70 
71 
72 
73 
74 

35 
36 
37 
38 
39 

348,918.01 
339,120.56 
329,413.88 
319,795.28 
310,263.70 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
- 

80 
81 
82 
83 
84 

DZ 

300,818.41 

282.186.67 
273,001.14 
203,803.66 

254,895.59 
245,978.72 
237,155.17 

219,798.10 

211,270.50 
202,847.97 
194,534.28 
186,333.53 
178,250. IO 

291,459.34 

228,427.39 

loo, 000 
91,969 
88,426 
85,210 
82,173 

79,272 
76,485 
73,808 
71,230 
68,748 

66,356 
64,048 
61,819 
59.665 
57,582 

55,584 
53,608 

49,879 
48,102 

46,383 
44,720 
43,112 
41,557 
40,056 

51,714 

38,608 
37,212 
35,866 
34,566 
33,310 

32,098 
30,926 
28,793 
28,698 
27,638 

26,612 
25,619 
24,657 
23,724 
22,820 

21,943 
21.093 
20,266 
19,464 

1.7,924 

15,762 
15,083 

14,41E 
13,769 
13,137 
12,520 
11,918 

18,683 

;a 3 

85 
86 
87 
88 
89 

90' 
91 
92 
93 
94 

95 
96 
97 
98 
99 

N. 

149.810 
92.286 
55.7771 
33.0606 
19.2056 

10.9248 
6.0746 
3.28307 
1.73204 
,87612 

2,453,468 
2,353,468 
2,261,499 
2,173,073 
2,087,863 

6.5118 
4.4645 
2.9879 
1.9544 
1.2485 

.77812 

.47407 

.28222 

.I6428 

.00345 

2,005,690 
I ,  926,418 
I, 849,933 
I .  776,125 
I ,  704,895 

I .  636,147 
1,569,791 
I ,  505,743 
I ,  443,924 
1,384,259 

132,502.98 

118,434.89 
111,647.94 
105,033.63 

125,388.49 

1,326,677 
1,271,113 
1,217,505 
1.165.791 
1,115,912 

105 
106 
107 
108 

1,067,810 
1,021,427 

976,707 
933,595 
892,038 

.41925 

.I83655 
,068380 
.017362 

851,982 
813,374 

.776, 162 
740,296 
705;730 

,05203 
.02839 
.01516 
.01677 

672,420 
640,322 
609,396 
579,603 
550,905 

523,267 
496, 655 

,471,038 
446,379 
422,655 

399,835 
377,892 
356,7UY 
336,533 
317,069 

298,38E 
280,462 
263,277 
246.811 
231; 04[ 

215,96! 
201, 54, 
187,77€ 
174,639 
162,119 

S* 

53,997,179 
51,543,711 
49,190,243 
46,928,744 
44,755,671 

42,667,808 
40,662,118 
38,735,700 
36,885,767 
35, IOU, 642 

33,404,747 
31,768,600 
30,198, 809 
28,693,066 
27.249,142 

25,864,883 
24,538,206 
23,287,093 
22,049,588 
20,883,797 

19,767,885 
18, 700,075 
17,678,648 
16,701,941 
15,768,346 

14,876,308 
14,024,326 
13,210,952 
12,434,790 
11,694,494 

10,988,704 
10,316,344 
9,676,022 
9,066,626 
8,487,023 

7,936, 118 
7,412,851 
6,916, I96 
'6,445, 160 
5,998,781 

5,576,126 
5, 176, 291 
4,798,399 
4,441,600 
4, 105,067 

3,787,998 
3,489,612 
3,209, 150 
2,945,873 
2,699,062 

2,468,016 
2,252,053 
2,050,508 
1,862,732 
I ,  688,093 

649.3 
433.15 
225.49 
155.99 
122.09 

105.76 
91.175 
82.016 
72.639 
68.056 

63.700 
62.86U 
63.301 
65.485 
71.030 

76.702 
81.909 
86.138 
89.467 
92.472 

94.686 
96.176 
97.003 
95.475 
93.092 

80.762 
88.088 
87.017 
86.287 
86.219 

86.402 
87.139 
88.048 
89.417 
91.193 

93.32F 
95.771 
98.485 

101.69 
105 07 

108.84 
112.94 
117.32 
122.16 
127.60 

132.73 
138.17 
143.85 
149.37 
155.06 

160. 89 
166.65 
172. C%4 
178.66 
184.53 
- 

17,032. 6 
12,383.32 
11,950.17 
11,724. 68 
11.568.69 

11,446.60 
11,340.84 
1 I, 249. fi6 
11,167.65 
11,095.01 

I I, 026.95 
10,963, 25 
IO, 900.38 
l(1.837.08 
111.77l. (io 

I O ,  700.57 
IO. 623.86 
IO. 541.96 
IO. 455.82 
10,366.35 

10,273.88 
10,179.19 
10,083.02 
9,986.01 
9.890.54 

9, 797. 45 
9,706.68 
9,618.60 
9,531.58 
9,445.29 

9 359.07 
8: 272.67 
9. 185.53 
9,097.48 
9,008.07 

8,916.87 
8.823 65 
8.727. 78 
8,629.28 
8.527. fd 

8,422.53 
8,313.69 
8.200.75 
8,083.43 
7,961.27 

7,833 67 
7,700.94 
7,582.71 
7,418.92 
7,209. 55 

7, 114.49 
6.953.lill 
6.786.95 
6.614.31 
6, 435.65 

170,288.83 100 
162,455. I6 101 
154,754.22 102 
147,191.45 103 
139,772.53 I! 104 

D, 

I ,  330 
I, 757 
I, 198 
I 65236 
1: 151: 5 

1,604.5 
I, 101.7 
', 612. Y 
I,  138.4 
i, 677. 9 

i, 231.4 
i, 798.8 
i,380 1 
I, 975.0 
I, 583.6 

I, 205.9 
I, 842.0 
I, 492.2 
I, 156.7 
I, 836. 1 

I, 530.9 
!, 242.0 
I ,  970.3 
i ,  716.8 
I ,  482. 1 

I ,  266.8 
1.071.4 

895.77 
739.84 
602.67 

484.11 
383.09 
298.34 
228.52 
172.01 

127.17 
92.283 
65.690 
45.847 
31.363 

21.015 
13.792 
8.8615 
5.5740 
3.4310 

2.0685 
1.2205 
.70511 
.39905 
.22127 

N* 

io, 201 
18,871 
23,114 
17,915. 7 
)8, 263. 1 

B, 141.6 

I4,822.5 

IO, 537. 1 
12,435.4 

i7, m4 . i  

i l ,  006.2 
i4,774.8 
18,976.0 
13,585.9 
38,620.9 

34,037.3 
29,831.4 m, 989.4 
32.497.2 
19,340. 5 

16,504.4 
13,973.5 
11,731.5 
9,761.2 
8,044.4 

6,562.3 
5,295.4 
4,224.03 
3,328.26 
2,588.62 

1,985.95 
1,501.84 
1.118.75 

820.41 
591.89 

419.88 
292.707 
200.424 
134.734 
88.887 

57.524 
36.509 
22.7165 
13.8550 
8.2810 

4.8500 
2.7815 
1.58103 
.a5592 
.45687 

.23580 
,11526 
.05102 
.01736 

SS C. I- 
525,974 
375,773 
236,902 
108,788.0 
990,872.3 

882,609.2 
783,467.6 
692.930.5 
610; 495.1 
535,672.6 

4(57,988. 5 
406,982.3 
352,207. 5 
303,231.5 
259,635.6, 

221,014.7 
186, 977.4 
157,146.0 
131,156.8 
108,659.4 

89,318.9 
72,814.5 
58,841.0 
47, 109.5 
37,348.3 

29,303.9 
22,741.6 
17,446.19 
13,222.16 
9,893.90 

7,305.28 
5,319.33 
3 817.49 
2: 698.7% 
1,878.33 

1,286.44 
866.562 
573.855 
373.431 
238. 697 

IlL 

i, 25f12  
i, 061.03 
i, 865.41 
i, 665. 12 
i, 460. 43 

i, 251.88 
i, 040.08 
L, 825.25 
I, 608. 18 
4,389.05 

:, 188.35 
3,946. 55 
3,723.87 
3, 500.71 
1.277. 56 

3,054.84 
1,833.22 
1,613.30 
1,395.95 
3, 182.03 

I, 972. 76 

L, 386.72 

I) 769.47 
L, 573. 62 

L, 210.10 

627.09 
515.133 

416.948 
332.306 
260.505 
200.772 
151.998 

112.971 
82.385 
58.912 
3I.291 
28.3567 

19.0696 
12.5578 
8.0933 
6.1054 
3. 1510 

1.90451 
1.12639 
.65232 
,37010 
.20582 

.112371 

.Of30341 

.031941 

.016771 

R, 

38,597.98 

Ki2R5.83 
32,346.86 

u), 420.42 
I4,755.30 

j9,294.87 
j4,042.99 
59,002.91 
54,177.W 
19,569.48 

45,180.43 
37,065.53 11,012.08 

33,341.66 
29,840.95 

26,563.39 
23,508.55 
20,675.33 
18,062.03 , 
15,668.08 

13,484.05 

9,741.82 ' . 
6,781.48 

11,511.29 

8,168.20 

5,571.38 
4,526.38 
3,634.05 
2,881. 13 
2,254.036 

1,738.903 
1,321.955 

989.649 
728.144 
528.372 

376. 373 
263.402 
181.017 
122.105 
80.8144 

52.4577 - 
33.3881 
20.8303 
12.7370 
7.6316 

4.48057 
2.57606 
1.44967 
.79735 
.427250 

.211427 
.I08056 
.048716 
.016775 

N=-D,+D.+L+. . . SJ-Nz+N.t:+ . . . 

e 



- - 
2 - 
0 
1 
2 
3 
4 

5 
6 
7 

Y 

1u 
I1 
12 
13 
14 

15 
16 

18 
19 

20 
21 
22 
23 
24 

25 
26 

28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

n 

. 17 

n 

- 

R. 

466.737.7 
452,320.88 
442,531.03 
433,170.17 
424,031.56 

415,045.06 
406,179.54 
397,415.86 
388,740.33 
380,143.71 

-__- 
100,000 
91.527 
87.578 
83.987 
80.604 

77.384 
74,305 
71,359 
68.536 
65,830 

C3,233 
W, 741 
58,345 
5G, 042 
53,825 

51.689 
49,630 
47,646 
45,734 
43,894 

42,121 
40,416 
38,775 
3i, 197 
35; 681 

34,226 
32.830 
31,489 
30,202 
28,966 

27,777 
26,634 
25,535 
24,478 
23,461 

22,481 
21,538 
20.630 
19,764 
18,810 

18,096 
17,311 
16.553 
15,821 
15,113 

14,429 
13,768 
13,128 
12,509 
11,910 

11,330 
10,761) 
10,225 
9.697.8 
9. 187. 1 

~ 

2 

5! 
51 
5: 
51 
55 

6( 
61 
6: 
63 
64 

ACTUARIAL TABLES 
TABLE 19.-uNITED STATES W H I T E  MALES: 1939-1941-cOMMlJTATION COLUMN@ A T  4 PERCENT INTEREST 

371,616.65 

364,75264 
346,410.18 

329,905.39 
321.749.67 
313,664.96 
305,655,72 
297,725.46 

289.876.84 

363,164.44 

m,in.is 

mz,in.ig 
n4,433.12 
266.840. M 
259,334.80 

2,225,161 
2,125,161 
2,033,634 
1,946,056 
I,862,069 

I, 781.465 
1,704.081 
1,629.776 
1,558.417 
1,489,881 

05 
88 
67 
68 
69 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

1,424,051 
1,360,818 
1,300,077 
1,241,732 
1,185,690 

1,131.fE5 
1,080.176 
1,030,546 

982,900 
937.166 

251.914.10 
244.57592 
237,317.82 
230,137.06 
223,032.33 

216,002.63 
209,047.55 
202,166.88 
195,360.89 
188,630.00 

893,272 
851.151 
810,735 
771.960 
734,763 

699,082 
664,856 
632.026 

570,335 
6M). 537 

80 
81 
82 
83 
84 

85 
86 
87 
88 
89 

541,369 
513 592 
486 958 
461.423 
436,945 

181,97S.02 
175,387.08 
168,897.60 

156,140.90 

149.887.82 
143,721.38 
137,644.27 
131,659.40 
124769.89 

162,479.25 

413,484 

369.465 
391,003 

348,835 
329,081 

BO 
91 
92 
93 
94 

95 
96 
97 
98 
99 

310,171 
292,075 

242.390 

274,764 
258.21 1 

92,641.44 
87.523.93 
82.53225 
77,670.28 
72.942.03 

227,277 
212.848 
199,080 
195,952 
173,443 

161, .533 
150.203 
139,434 

119,510.9 
129, 208.7 

105 
106 
107 
108 

s. 

45,718,970 

41,368.648 
39.335,014 

43.493, Eo9 

37,388,958 

33,745,424 
32,041.343 
30,411,567 
28,853,150 

35, 5m, 889 

27.363.269 
25,939,218 
24,578,400 
23,278,323 
22,036,591 

20, aso, 901 
19,719,036 
18,638,860 
17,608,314 
16,625,414 

15,688,248 
14,794.976 
13,943,825 
13,133,090 
12,361,130 

11,626,367 
10,927,285 
10 262 429 

9,029,866 
9: 630: 403 

8,459,531 
7,918,162 
7,404,570 
6,917,612 
6,456,189 

6,019,244 
5,605,760 
5,214.757 
4,845,292 
4,496,457 

4,167,376 
3,857,205 
3, MS. 130 
3,290,366 
3,032,155 

2,789,765 
2,562,488 
2349.640 
2,150,560 
LQWW 
1,791,165 
1.629.632 
1.4i9.429 
1,339,995.5 
1,210,786.8 

- - 
C. 

,626.9 

___ 

428.99 
222.25 
153.01 
119. 18 

102.74 
88.150 
78.915 
69.550 
64.854 

60.411 

59.457 
61.212 
66.076 

71.010 
75.466 
78.980 
81.638 
83.975 

85.573 
86.501 
86.825 
85. 046 
82.526 

80.073 
77.340 
76. 033 
75:032 
74.613 

74.412 
74.685 
75.102 
75. 903 
77.038 

78.461 
80.130 
82.004 
84.265 
86.648 

89.324 
92.243 
95.362 
98.816 

59.347 

102.72 

106.34 
110.16 
114.15 
117.95 
121.86 

125.83 
129.71 
133.72 
137.72 
141.56 

M. 

14,416. 8 
9,789. 8 
9,360.81 
9.138.6 
8,985. 61 

8,866.4! 
8,763.61 
8, 675. S 
8.596.6: 
8,527.01 

8.462.21 
8.401. FA 
8,342.44 

8,221.7s 

8. 155.7: 
8,084.71 
8.009.24 
7,930. % 
7,848.62 

7 764.6: 
7: 679:Oi 
7,592.57 
7,505.7: 
7,420.7c 

7.338. If 
7.258. IC 
7.180.76 
7.104.73 
7,029.70 

8,95508 
6,880.67 
6.805.99 
6,730.89 
6.654.98 

6,577.94 
6,499.48 
6.419.35 
6.337.35 
6, 253.08 

6,166 44 
6,077. 11 
5,984.87 
5, M9.51 
5,790.69 

5,687.97 
5, 581.63 
5,471.47 
5.357.32 
5.239.37 

5,117.51 
4,991.68 
4,861.97 
4.728.25 

-- 

n. 283. IX 

4, 190. .53 

119.979.20 I I  100 

D. 

8.692.2 
E; 212. i 
7,748.3 
7,298.8 
6,864.0 

6,443.9 
6,039.2 
5,646.6 
5,269.2 
4, 905. s 
4,555. s 
4,218.9 
3.895.4 
3; 584.8 
3,286.8 

3,001.6. 
2,728.7 
2,468.3 
2. 220. 5 
1; 985.3 

1,763.2 
1,5Fd. 4 
1,359.5 
1,178.9 
1,012. 8 

861.61 
725.14 
603.35 
495.80 
402.04 

321.39 
253.11 
196.16 
149.53 
11202 

82.417 
59.520 
42.164 
29.286 
19..937 

13.295 
a w g  
5.5525 
3.4758 
2.1292 

1.2775 
.75012 
.43130 
.24291 
.13405 

.07255 

.om1 

. 03854 . nmio 

N. 

110,323.8 
101,631.6 
93,418.8 
85,670.5 
78,371.7 

71,507. 7 
65.063. 8 
59,025.0 
53.379.0 
48.109 8 

43,204 3 
38,648.8 
34.429.9 
30,534.5 
26, Q49. 7 

23.662.8 
20,661.2 
17,932. 5 
15.464.2 
13,243. 7 

11,258.4 
9,495. 2 
7.940.8 
6.581.3 
5,402. 4 

4,389. 59 
3,527.98 
2,802.84 

1,503.69 

I ,  301.65 
980.26 
727.15 
530.99 
381.46 

2,199.49 

269.438 
187.021 
127.501 
85.337 
56.051 

36.114 
22.8188 
14.1349 
8. 5824 
5. I066 

2.9774 
1. 69989 
,94977 
,61847 
,27556 

. 14151 

.OM96 

.01n31 

.03041 

S. 

I,OQl. 275.9 
980,952 1 
879,320.5 
785, 901.7 
700,231.2 

621,859.5 
550,351. 8 
485, BE. n 
426.262 4 
372,883.4 

324.773. n 
281,569.3 
242,920. 5 
209,4Qu. 6 
177,956.1 

151.006.4 
127.343.6 
106,682.4 
88,549.9 
73,285.7 

60.042.0 
48,783.6 
39,2884 
31,347.6 
24,766.3 

19,363.88 
14,974.29 
11.446.31 
8.643.47 
6,443.98 

4,740.29 
3,438.64 
2,458.38 
1,731.23 
1.200.24 

818.777 
549.339 
362.318 
234.817 
149.480 

93.429 
57.3150 
34.4862 
20.3613 
11.7789 

6.6723 
3.69490 
1.99501 
1.04524 
.52677 

.251201 . IO9F9; 

.01031, 

.04n73! 

Ci 

145.13 - 
148.63 
151.45 
154.03 
156.18 

157.86 
159.34 
160.23 
160.97 
161.34 

161.37 
161.24 . 
160.80 
'60.02 
59. Q4 

57.40 
55.44 
5 2  89 
49.75 
45.79 

40.94 
35.13 
28.34 
20.70 
12 28 

03.33 
93.800 
84.349 
74.689 
65.184 

55.923 
47.211 
39.087 
31.761 
25.284 

19.727 
15. a66 
11.256 
8.2225 
5.8755 

4. oggg 
2.7974 
]:E632 
1.2129 
. 7 6 W  

.47825 

.I7180 
,099520 
.OS342 

.031218 

.016957 

.o08011~ 

.oo(mOl 

.28997 

. 

M* 

4,448.97 
4,303.84 
4,155. 21 
4,003. 76 
3,849. 73 

3,693. 55 
3,535. 69 
3,376.35 
?, 216. 12 
I, 055. I5 

i, 893.81 
!, 732. 44 
!. 571. 20 
!, 410.40 
!, w). 38 

!,OYI. 44 
,934.04 
,778. 60 
,625 71 
,475.96 

,330.17 
,189.23 
,054.10 
925.76 
805.06 

692.78 
589.451 
495.551 
411.202 
336.513 

271.329 
215.406 
168.195 
129.108 
97.347 

72.053 
52.326 
37.260 
26..0042 
17.7817 

11.9062 
7.8063 
5.0089 
3.1457 
1.937.82 

1.16299 
.Ea474 
.39477 
,222969 
,123449 

.067107 

.035889 

.0189..!2 . oowm 

63 

R. 

68.351.50 
63.902.53 
59,598.69 
55,443.48 
51,439.72 

47,589.99 
43,896.44 
40,360.75 
36,984.40 
33,768.2M 

30.713.13 
27.819.32 
15,086.8X 
22,515.68 
10,105.28 

17,854.90 
15.763.46 
13,829.42 
12,050. R2 
IO, 425.11 

8.949!15 
7,618.98 
6,429.75 
5.375.65 
4,449. 89 

3,644.83 
2,952 048 
2,362.597 
1,867.046 
1,455.844 

1,119.331 
848.002 
632 596 
464.401 
335.283 

237.946 
165.893 
113.567 
76.3MI6 
60.3024 

32.5207 
20.6145 
12.8082 
7.7993 

e4.65359 

2.72077 
1.55778 
,87304 
.478266 
.256297 

.I31848 

.064741 

.0288521 

.0089201 
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TABLE 20.-uNITED STATES a i H I T E  h'hLES: 1939-1941-IbfMEDIATE M'AOLE LIFE ANNUITY, SINGLE AND ANNUAL NET PREMIUMS 

AT 2 PERCENT INTEREST 
[Present value at each age of a life annuity of one per annun), flrst payment to he made at th'e end of 1 year; present value of a whole llfe assurance of one unit, and the annual 

payment 01 an equivalent whole life annuity-due] 

IMMEDIATE 
~ AOE LIFE ANNUITI 

2 I (Is 

33. m1 
34.8916 
34.8683 
34.l7U 
34.4181 

34.1604 
33.892n 
33.6125 
33.3242 
33.0268 

3 2  7219 
3 2  4093 
3 2  OWW 
31.7676 
31.4399 

31.1096 

30.4424 

.28.7643 

29.4188 
29.0720 
28.7195 
28.3621 
27. WSG 

27.827: 
27.2481 
26.86I~ 
26.4ri1 
26. 067! 

25. ria 
25.246l 

24.401( 
23. 96% 

23.532: 
23. n91l 
22.644: 
22.192l 
21.7373 

21.2781 

20.3.W! 
I9.882l 
39.418 

IS. 94% 

I t .  9971 
17. 52.51 

30.7775 

. 30.105~ 

24. nm 

m. 8151 

18.470: 

17. 0531 

16. .w 
16. iin! 
15. fdo! 
15. 1741 
14.709 

INGLE 
.EMIUY 

A* 

n. 32180 
.1?042a 
,20674 
.30081 
. 3 0 5 1  

.315&( 

.32132 

.32698 

.33281 

.33879 

.34491 

.35115 

.35749 

.38392 

.37040 
,37692 
, 3 8 8 6  
.39010 
.39678 

.40352 

.41035 

.41720 

.42427 

.43140 

. 4 3 m  

.4461U 

.453fi9 

.4R141 

.4fiY21 

.4772! 

. 4 H I l  . 40:15t . 50194 

.5104( 

,5189f . 52itP 
.33Ii3$ . ,54524 
.5Fdlr 

.6fdl1 
,5722: 
, snix 
.59nx 
.5w74 

. Rm9I 

.0l82: . li274! . m67! 

.MW 
,0552; 
,804.51 
.fin71 . f i R I I  
.69l9l 

.3inm 

ANNUAL 
PREMIUM 

P, 

0.00930 
.no818 
.MI827 
.00844 

.I10883 

.00005 . w9zR 

.00953 . W 7 8  

.01032 

.01061 

.01091 

.warn 

.nioo5 

. n i l 2 2  

.nil% 

. n m i  . nnm . ni 2% 

.01290 

- .01327 
.013fif 
.01404 
.0l445 
.0148€ 

. o m :  

.0157! 

.OlO21 . nitw 
-01 734 

. ni 79( . OI84! . O I Y  1 I 
. .UIY71 . 11204' 

.n211! 

.0219l 

.n22B! . IC351 

.0243: 

.n2521 

. ICIU 

. n2TL . n2821 

.02931 

. n ~ 7 .  

.n330: 
,0343 
.03571 

.I072 

.038& 

.&lo41 . w22' 

.0440 

. mo5: 

AGE 

2 

HMEDIATE 
ANNUITY 

(I. 

14. nsn 
13.7895 
13.3349 
1 2  8841 
12 4368 

11.9930 
11.5528 
11.1161 

10.2548 

9.8301 
9.4103 

8.6873 

7.7912 

7.0292 
6.6634 
6.3094 

5.9671 
5.6390 
5.3234 
5.0210 
4,7317 

4.4553 
4.1920 
3. w12 
3.7040 
3.47m 

3.2694 
3. U7lti 
2. a 7 2  
2.7147 

in. 8835 

a 9957 

a 18% 

7.4054 

2.554a 

2.404B 
2.2651 
2.1361 
2 0171 
1.9056 

1. a 7 3  
I. 7n7; 
1.6194 
1.537: 
1.4615 

1.3W 

SINGLE 
PRE1IIUM 

A.  

n. 7n103 
.71nw 
.71890 
.72776 
.736M 

.74525 

.75387 

.76243 

.77n93 

.77934 

.78765 

.79589 .moo 

.81m 

.81988 

. amu 

.E3519 

.84257 

.84973 

.a5666 

.am38 

.a6983 

.E7601 

.E8193 

.E8761 

.89m 

.89m 

.MI310 

.9n777 

.912l4 

.91627 

.82016 

.92380 

.92716 

.93m0 

:a3323 
.93.597 
.Ox348 
.94m 
.9429E 

. 94504 

.94691 

. 9 4 w  

.9.5n24 

.95174 

.Q*5315 

ANNUAL 
PREMIUM 
-- 

p. 

n. 04598 
, 0 4 8 U I  
.05016 
,05242 . . OMS2 

,05730 

. (IGZ93 
,00598 
,06925 

.07273 

.O7645 
,08044 
,08470 
,08926 

,09414 
,09936 
,10494 
. I 1 0 8 8  
.I1720 

. o m 6  

.1~37n '. 173W 
,18277 . I9288 I 

.2(3361 

,2741 1 
,28661 
.28819 
,31183 
,32450 

. 3 m 5  l 
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TABLE 21.-uNITED STATES WHITE MALES: 193$194l-IMMEDIATE a U O L E  LIFE ANNUITY, SINGLE AND ANNUAL NET PREMIUM8 

AT 254 P E H C E N T  INTEREST 

[Present value ateach age of a life annuity of one per annum, first payment to be made a t  the era  of 1 y e w  rire?ent 
payment of an equivalent whole life annuity-due] 

value of a whole life assurance of one unit, 

30 4h9L 

30. 2482 
30. I474 
2% 8366 
29. AI76 
29.3901 

29.1558 
28.9143 
28.6674 
28.4153 
28.1588 

27.8996 
27.6383 
27.3738 
27.1069 
26.8361 

26.5617 
26.2835 
26. m 
25.7131 
25.4183 

25.1166 
24.8078 
24.4800 
24.1659 
23 8338 

23.49.sz 
23.1503 
22..7w 
22.4397 
22.0753 

21.7048 
21.3284 

20.5592 
20.1675 

19.7702 
19.3689 
18. gB39 
18. 5556 
18. 1432 

17.7298 
17.3133 
16.8949 
16.4753 
16.0543 

15.6327 
15.2105 
14.7891 
14 3674 
13.9476 

2 0 . ~ 6 3  

SINGLE 
PREMIUM 

0.25451 
.22351 
.22532 
.22892 
. 9 3 1 9  

. a 7 8 5  

.24275 

.253% 

.25878 

.26449 

.27038 

.27640 

.28881 

.29513 

.a151 

.30795 

.31447 

.32107 

.32776 

.33455 

.34145 

.a847 _. 35561 

.37055 

.37829 

.a621 

.39429 

.40255 

.41098 . -19.56 

.42820 

.43719 

.44623 

.45541 

.46472 

.47416 

.48374 

.49340 

.50319 

.51307 

.5905 

. W O E  

.54319 

.55335 

.56355 

.67378 

.w04 

. a 3 3  

.60461 

.61492 

.62518 
I. 63544 

.247a9 

. m m  

.3aon 

A N N U A L  
I'REMIUP 

0.00833 
.00702 . oolog 
.oOiu 
. W 4 2  

.OD761 

.W782 

.o0804 

.00827 

.M)852 

.00877 

.m04 

.00932 

.00961 

. m o  

.a1021 

.a1053 

. 0 1 w  

.01119 

.OI153 

.a1189 

.01228 

.01265 

.01304 

.a1346 

.01436 
.a1484 
.01535 
.a1588 

. O M 3  

.a1702 

.a1703 

.OlSZI 

.OIL395 

.OlW 

. m o  

.a2118 

.02198 

.02285 

.OS76 

.OH70 

.02570 

.a2675 

.a2765 

.aim 

.om 
f03022 
.03149 
.a3283 
.a3425 

.03573 

.03730 

.03895 

.04m 

.04251 

I M  M EIJIATE 
IFE A N N U I T  
___. 

a. 

13.5293 
13.11a 
12 6971 

11.875( 

11.466% 
11.061 I 

10.2.55( 
9.8571 

9.461: 
9.0601 
8 . W  
8.2965 
7.9181 

7.548 
7.18of 
6. 8 9 €  
6.478 
6 . l W  

5.8121 
5.497: 
5.1951 
4.904f 
4.6% 

4.35wi 
4.1057 
3.8632 
3.6336 
3.4161 

3.2121 
3.019(i 
2 rum 
2.6718 
2.5153 

12 zan 

in. 657: 

, 2.3694 
2.2338 
2 1074 
1.9803 
1.8815 

1.7801 

1.m 
1.5197 
1.4450 

1.3738 

1. m7a 

SINGLE 
P X E M I U M  -- 

A,  

0.64.58' 
,65571 
,66581 
.6759E 
.68.581 

.ti9592 

. 7 1 w  
,72514 
.7351? 

.7448i 

.75441 . i6387 

. ,8248 

f7915f . 8004E 
.80918 
.8176f 
,82589 

,83388 
,84153 
,84883 
,85588 
,86277 

.86928 
,87547 
,88137 . R8701 
,89227 

.a9731 

,90635 
.91045 
,91427 

,91781 
. Q Z l l l  
.QUI9 
,92703 
,92971 

.93217 
,93445 
,93659 
.93853 
,94037 

.94212 

.70.584 

. ?73% 

. 911197 

and the annual 

8 
ANNUAL 

PREMIUM 

P. 

a 04444 

. MII~E 

. 04647 

.048G I 

-05328 

.05582 

.0w52 

.06139 

.a6445 

.06771 

.m120 

.07492 

.07801 

.08318 

.08774 

.09263 

.08785 

.I0343 
.f10937 
. I  I570 

.I2241 

.I2951 

.I3703 

.I4497 

.I5335 

. 16218 

.I7147 . lRlW 

.I9143 

.20204 

,21303 
,22439 
. '23603 
.24 i95  
.26008 

.32265 

.33522 

.34777 
,36017 
,37248 
,38461 

.39691 



UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 
.TABLE 22.-uNITED STATES WHITE KfALES: 1939-1941-IMMEDIATE WHOLE LIFE ANNUITY, SINGLE AND ANNUAL NET PREhl lUhls  

AT 3 PERCENT INTEREST 
[Present value a t  each age of a life annuity of one per annum, ilrst payment. to be made a t  the end of 1 year; present value of a whole life assurance of one unit; and tlie annual 

payment of an equivalent whole life annuitydue] . 
AGE ANNUAL AOE 

-- -___ 
X z, 

0.00765 .m 
. m 1 1  
,00624 
.0064n 

.On658 

.MI677 

.00608 

.00720 

.On743 

.00768 

.00793 

. 00848 

. W877 

.0082n 

I 
12. R671 
12.4875 
12.1WI 

11.3L?8 
11.7.105 

n. 20.w 
.1721R 
.17%32 
.17634 
.18008 

.la423 

. 1 8 W  

.19330 

.19818 
,20328 

.ma57 
,21404 
.21967 
,22544 
.a133 

n. 58612 
.60718 
.61822 
.62920 
.m019 

.65112 . Mml 

.67294 

.68380 

.69462 

.70538 

.71608 

.72670 

.73721 

.74761 

.75787 

.76795 
,77783 
.78746 
. 7 9 w  

9.1155 
8.7482 
8.3835 
8. om 
5.6653 

.23730 

.24334 

.a945 

.25565 

.26195 

7.3134 
6.9673 
6.6283 
6.2971 
5.9753 

5.3n22 
5.0720 
4.7929 
4.5250 

5.6634 I .I2095 
,12805 
,13558 
,14350 . 15187 

.1m9 

.16W7 . 17972 . IR9YI 

.21w151 

.26a75 
,27487 
,28152 .m 
.2052a 

.010G8 

.oiin4 

.01141 . oiim 

.a1220 

.012tU . 01 308 

.oms 

.o1404 

.014SG 

.so592 

.SI469 

.I32314 

.83807 

. R4655 

.8.5373 

.86052 

. R67m 

.E7317 

. mi26 

.30246 

.30885 
,31748 
,32531 
,3834 

4.2GEI 
4.0227 
3.7880 
3.56154 
3.3548 

.R41.% 

.3M)o2 . :i%364 
,36747 
.37649 

.38WR 

.39505 
,40460 
,41433 
.42419 

.43422 

.44440 

.45472 

.46514 

.47570 

3.1562 

2.7943 
2 . m  
2.4776 

2.3350 

2 0789 
1.9642 
1.8575 

1.7587 
1.6668 
1.5817 
1.5025 
1.4291 

1.3590 

2.9602 

2. mxz 

. 87R96 . w19 

.8R949 
,89425 
.I39973 

.go285 
,90670 
.91034 
.91366 
.91677 

m. 7170 
20.4075 .25848 

m . m 7  
19.7696 
19.4419 
19.1087 
18.7693 

.91965 

.92234 

.92478 

.Y2711 

.92924 

.39478 .48634 
.49707 

.51876 

.52972 

.5078n 

.93128 

.54074 

.55179 . .%m 
,57385 
.58503 
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w 

TABLE 2 3 . - u N I T E D  STATES W H I T E  h f A L E S :  1939-1941- IMMEDIATE WHOLE LIFE ANNUITY. S I N G L E  AND ANNUAL NET P R E M I U M S  
AT 3f4 PERCENT INTEREST 

[Present value a t  each age of a life annuity of one per annum. Arst payment to be made a t  the end of 1 year; present value of a whole life assurahce of one unit. and the annual 
payment of an equivalent whole life annuitvduel . .  

AD E 

_______ ......... 

I s  
.___. 

IMMEDIATE 
LIFE ANNUIT - 

a= 

n ..................................... 
I ........................................ 
2 ........................................ 
3 ........................................ 
4 ........................................ 

5 ........................................ 
6 ........................................ 
7 ........................................ 
8 ........................................ 
9 ...................................... .- 

lo ....................................... 
11 ....................................... 
12 ....................................... 
13 ....................................... 
14 ....................................... 

15 ....................................... 
16 ....................................... 
17 ....................................... 
18 ....................................... 
19 ....................................... 

20 ....................................... 
21 ....................................... 
22 ....................................... 
23 ....................................... 
24 ....................................... 

25 ....................................... 
26 ....................................... 
27 ....................................... 
28 ....................................... 
29 ....................................... 
30 ....................................... 
31 ................................... .> . 
32 ...................................... 
33 ....................................... 
34 ....................................... 
35 ....................................... 
36 ....................................... 
37 ....................................... 
38 ....................................... 
39 ....................................... 

40 ....................................... 
41 ....................................... 
42 ....................................... 
43 ....................................... 
44 ....................................... 

45 ....................................... 
4fi .................................... 
47 ..................................... 
48 ..................................... 
49 ............................... 

50 .................................... 
51 ................................... 
52 ..................................... 
53 ...................................... 
54 ....................................... 

23.534' 
24.5RQI 
24 . 5751 
24 . M2! 
24.40R 

24 301d 
24 . l88l 
24 . m41 
23.9351 
23.799: 

23.6571 
23.509C 
23.3571 
23.200: 
23.039E 

22.876€ 
22.7112 
22 543( 
22 3724 
22.1981 

22.0216 
21.840: 
21.6551 
21.4654 
21.2698 

21.0675 

20.6406 
20.4160 
20.1867 

19.9490 
I9 . 7050 
10.4543 
lR.1966 
18.9320 

18.662R 
18.3862 
18.1035 
17.8155 
17.5213 

17.2215 
16.9155 
16.8058 
16 2900 
15.9710 

1s . 6473 
15.3202 
14.9891 
14.6556 
14.3183 

13.9787 
13.637fi 
13.2937 
12.9488 
12.8029 

m . 8578 

SINGLE 
PREMIUM 

A . 
0.17033 . 1346. 
23514 
. 137N . 14071 

. 1444C . 148% . 15241 . 15678 . 16138 

. 16618 . 17117 . 17633 . 18163 . 18707 

. 19258 . 19818 . 20385 . 243962 . 21551 

. 22150 . 22762 . 23388 . 24030 . 24692 

. 25377 . 2ffl8s . 268lR . 27575 . 28356 

. 2915R 

. 29983 . 30831 . 31701 . 32593 

. 33507 

. 34441 . 35397 . 36374 . 37369 

. 38384 . 39414 . 40466 . 41530 . 42612 

. 43705 . 4481 2 . 45930 . 47059 

. 48197 

ANNUAL 
PREMIUM 

P z  

0.00694 . 00521 . W521 . W54( . 00554 

. W571 . 00581 . 006M . 006% . 00651 

. 00674 . 006QE . 00724 
' . 00751 . 0077E 

. 00807 . 00836 . 00866 . 00897 . 00928 

. ni392 . 01448 . ni 507 . 01570 . 0 I635 

. 01704 
01777 . 01853 . 01933 . 02018 

h ' . 0 3 M  . 03146 

AGE 

z 
..___...- . 
5.5 .................................... :- 
no ..................................... 
57 ...................................... 
h8 ..................................... 
59 ...................................... 

60 ...................................... 
61 ...................................... 
82 ............................ .'. ........ 
63 ...................................... 
64 ...................................... 

65 ...................................... 
66 ...................................... 
67 ...................................... 
68 ...................................... 
69 ...................................... 

70 ...................................... 
71 ...................................... 
72 ...................................... 

74.--. .................................. 
73 .................. ,........... ........ 
75 ...................................... 
76 ...................................... 
77 ...................................... 
78 ........ I ............................. 
79 ...................................... 

80 ...................................... 
81 ...................................... 
82 ...................................... 
R3 ............................ -1 ........ 
s.1 ...................................... 

x:, ..................................... 
Rfi .................................... 
87 ...................................... 
R8 ....................................... 
89 ....................................... 

i)n ..................................... 
91 ....................................... 
92 ....................................... 
93 ....................................... 
94.. ..................................... 

95 ...................................... 
96 ....................... .............. 
97 ...................................... 
88 ...................................... 
99 ....................................... 

100 .................................... 

IMMEDI.ATE 
.WE ANNUIT 

a= 

12.2561 
11.9M)I 
11 . 5621 
11.2164 
10.8691 

10.5221 
10 . 1751 
9.828.1 
9.481; 
9.135: 

8.7901 
8.4451 
8.103: 
7.763( 
7.425f 

7.0921 
6.764: 
6.4421 
6.126E 
5.8194 

5.521: 
5.2326 
4.954: 
4.6857 
4.4277 

4.1798 
3.9425 
3.7155 
3.4998 
3.2953 

3.1023 
2 . 9203 
2.7499 

2.4410 
2 . .5 901 

2.3017 
2 1718 
2 0511 
1 . 93R8 
1.8341 

1.7373 
1.6471 
1.5635 
1.485fi 
1.4136 

1.3447 

SINGLE 
PREMIUM 

A . 
0 5517: 
. 5M4. . 5751: . 5869( . 598E 

. R103E . 6221C . 63383 . 6455: . 65725 

. 66893 . 6805E . 69216 . 70360 . 71506 

. 72632 . 73743 . 74832 . 75900 . 76938 

. 77947 . . 78924 . 79867 

. 81648 

. 82485 . 83286 . R4053 . 84783 . 85475 

. 80774 

. Rfi127 . R(i744 . R7318 . R7R5R . at3366 

a 8 3 5  
. . 89274 . 89682 . 90063 . 90415 

. 90743 . 91051 . 91331 . 91593 . 91839 

. 92072 

ANNUAL 
PREMIUM 

P* 

0.04162 

. 04578 . 04804 . 05044 

~- 
. 04385 

* . 06485 

. 06833 . 07205 . 07603 . 08030 . 08488 

. 0897~  . 09497 . 10055 . 10650 . 11282 

. 16924 . 16851 . 17825 . 18841 . 19900 

. 2liOOfi . 28148 

. 29394 . 30646 . 31902 

. 33151 . 34396 

. 35627 . 30849 . 38051 

. 39268 

I . 
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TABLE 24 . -uNITED S T A T E S  II'HITE MALES: 1939-1941- IMMEDIATE WHOLE I J F E  ANNUITY, SINGLE AND ANNUAL hTET PREMIUMS 

AT 4 PERCENT INTEREST 
[Present value at. each age of a life annuity of one per annum, first payment to be made at  the end of 1 year' present value of a whole life assurance of one unit, and the annual 

payment of an eauivalcnt whole life annuit;-di~e] 

AGE IMMEDIATE 
LIFE ANNUIT1 I 8INC.I.E 

PREMIUM 
ANNUAL 
PREMIUM 

MMEDIATI: 
?E .ANNUITY 

SINGLE 
PREMIUM 

ANNVAL 
PREMIUM 

A O E  

PZ 

0. OOMR 
.IN3401 

.no483 

-- 

. no400 

. O I ~  

2 A, 

(1. 51133 
.52404 
.Fh?627 
.54855 
.500Ffi 

,57319 . #%5M 
.59784 

.62280 

.63523 

.64767 

.66M)6 

.67239 

.we5 

.69678 
,70878 

,73214 
.74344 

.75441 

.76507 

. IUS27 

.79489 

.81W 

.R213R . 32037 

. R4424 . R51l14 

. R5744 

.E0348 

. RO'JOI 

.8742! 

.8791: . 883H 

.E8791 

.E9181 

.8955~ . 88891 . 9021( 
,9050: . w77: 

.9103l 

_c- 

. ~ 1 n 3 6  

,72058 

.!753(3 

. ~0405 

. ~ 7 n i  

a, 

lI.69X3 
11.3743 
11.0507 
1 n. 7376 
i n . 4 1 7 ~  

in. 0970 

9.1304 

8.7754 
8.4&33 

P. 8673 

8.4840 
8.16fJ9 
7.8386 
7.5178 
7.1991 

6.8834 
6.5718 
6.2651 
6.9643 
5.8709 

4. 8410 

4.0946 

5.3852 
5.1080 

4.5820 
4.3341 

3.8652 
3. R455 
3.4302 
3.2176 

a 8720 

2.551 1 
2.4053 

2.2692 
2.1422 

1.9139 
1.8114 

1.7163 
1.6277 
1.5457 
1.4082 
1.3984 

1,3306 

3. n5oi 

2.7069 

2 . n m  

21.2.51fi 

22.220R 
22 21~n 

22. I 709 
z . i n 1 4  

22.0211 
21.9336 
21.8391 
21.7387 
21.6322 

21.5207 
21.4036 
21.2820 
21.1672 
21.0286 

20.8976 
20.7646 
20.6282 
20.4917 
20.3507 

20.2073 
20.0598 
19.9081 
19.7532 
19.592f 

19.4251 
18. 251! 
19.0711 
1E.884( 
18.8891 

18.4891 
1R. 283: 
18.070: 
17. 850! 
17.624: 

17.3921 
17.1541 
16.9091 
10. 85% 
16.402! 

16.140: 
15.872: 
15.598( 
15.3201 
15.038! 

14. 751, 
14. 4591 
14.164 
13.865, 
13.562 

13.257 
12.947 
12.636 
12.323 
12.008 

5 ....................................... 
fi ...................................... 
7 ....................................... 
8 ....................................... 
9 ....................................... 

n ....................................... 
1 ........................................ 
2 ........................................ 
3 ........................................ 
4.. ...................................... 

.I1458 

.I1794 

.1215R 

.I2543 

.12853 

0 ....................................... 
81.. .................................... 
82-- .............. ................... 
&- .................................... 
"4 ...................................... 
i5.- ......................... ____i ...... 
i6 ..................................... 
17 ....... , .............................. 
18 ...................................... 
I9 ................................. 2 .... 

ro ...................................... 
I1 ...................................... 
72 ...................................... 
73 ...................................... 
f4 ...................................... 

,05165 
,05434 . 115720 . nrm5 

.no698 

.n7070 

.O6350 

.07488 

.07894 

.os350 

.OS39 

.OW361 ' 
, ow18 . ins13 
.I1145 

5 ........................................ 
......................................... 
7 ........................................ 
E.. ...................................... 
8 ...................................... 
IO ....................................... 
11 ....................................... 
12 ....................................... 
13-.. .................................... 

'14 ....................................... 
15 ....................................... 
16 ...................................... 
17 ....................................... 
18 ....................................... 
19.-.. ................................... 

.I8434 . IBOOO 

.I9581 

.%I78 

. a 7 9 7  

. z i m  

.221n~ 

. 2 m 4  

.23524 

.24269 

.IN3869 . CQQOZ 

.OW37 

.IN3972 . OlOlO 

75 ...................................... 
76 ..................................... 
77 ...................................... 
78 ..................................... 
79 ..................................... 

.I1815 

.I2525 

.13274 

.I4902 
, 1 4 0 ~ 7  

20..-.-. ................................. 
21 ........................................ 
22...-.- ................................ 
M ....................................... 
24 ....................................... 

30 ...................................... 
31 ...................................... 
32 ...................................... 
33 ...................................... 
34 ...................................... 
35 .--_ - -. - - - - _  - _  - - - . . - . - - - -__. --  - . - - - -. - 
86 ...................................... 
87 _.___ - -. - -. -. - - - - . - _  .- - - -. . - - - ~ - - 
BB..... ................................. 
89 ...................................... 
90 ...................................... 
81 ...................................... 
82 ...................................... 
03 ..................................... 
94 ..................................... 
95 ...................................... 
Q f l _ _ _ _ .  - - -. 
97 ...................................... 
98.-. - - - - 
89.- .................................... 
lIN3----- ................................ 

- -. - 

- - ._ - - ~ - ~ - - -  - _  - _  -. -_ - -. - - - - . 
- - _  - - - - - - - - - - .-. - - - _  ~ -. - - -. . 

,15782 . 
.167N1 
.17RRO 
,18685 
. 19752 

25 _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ -  
26 ....................................... 
27.- ..................................... 
28.... .................................. 
29 ..... .._.. ............................. .0123: 

. .0128: 
.0134( . o m  
. n i m  
,01521 

Rn ....................................... 
31 ....................................... 
32 ...................................... 
33 ...................................... 
34. 

35 ....................................... 
36 ....................................... 
37 ....................................... 
38 ....................................... 
38.. ..................................... 
40.... ................................... 
41 ...................................... 
43 ....................................... 
44 ....................................... 

- - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - 

4a ....................................... 
.3407t 
,351nt 
.3015t 
. 3 7 z r  
,3831 ( 

.329Rs 

.34210 

.35436 
,30653 
.371)48 

.3942( 
,40541 
.4167I 
.4282I 
.43993 

.4516( 
,4035: 
.4755( 
.4875( 
.4996 

.38081 

50 ....................................... 
51 ....................................... 
52 ....................................... 
53. _ _ _ _ _ _  ~ _ _ _ _ - _  _ _ _ _  __ -_ - - -_  ~ _ - - - - -  _-_--. 
54-. - _ _  ~ - - - - - - - - - - - - - - - - - - - - - - - - . - - - - -- 
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MORTALITY 
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TABLE 25 . -uNITED S T A T E S  W H I T E  FEMALES: 1939-1941-ELEMENTARY V A L U E S  

[In the interest of internal consistency within the actuarial tables, certain of these values have been altered very slightly from those appearing in table 6, p. 36. For explanation, 
see text, p. 1371 

AGE 
, 

'ROBARILITY 
DF BURVIV- 
N O  1 Y E A R  

A T  EACH 
AGE 

. i n i l k  

.00103 

.00090 
,00080 
.OW74 

TCOBABILITY 
OF BURVIV- 
I N 0  1 Y E A R  

A T  EACH 
AGE 

ra 
61 
62 .__.___ ~. 
63-_-. 
64 _ _ _ _ _ _ _ _  

PROBARILIT' 
OF DYING 
I N  EACH 
Y E A R  OF 

A G E  

.OW70 

.WO69 

.OW71 
,00074 
.OOO81 

.OW91 
,00102 
.@I112 
.on122 
.00131 

65 
lU3 
67 
68 
69 ._______ 

70 ._____ _ _  
71.--* 
72 ..______ 
73..-. _ _ _ _  
74 ..-.-... 

.GO141 

.00150 

.MI59 

. O O I f 6  
,00173 

75.-. 
.76- _ _ _  _ _ _ _  
77 _ _ _ _ _ _ _ _  
78 
79. _ _ _ _ _ _ _  

.on271 
,00285 
,00301 
,00318 
.on336 

,00357 
.W381 

.(10436 

.00469 

,00505 
.00544 
.no587 
. l W 3  
.00682 

. i x ~ n 7  

90 ..-_____ 
91 
92 
93 
94 

95 ..__.___ 
96 

98 
99 

100 
101 
102 
103 
104 

97 _____.__ 

OF 100,000 B O R N  ALIVE ROBABILITY 
OF DYING 
I N  EACH 
YEAR OF 

AOE 

-__- 
Number 

surviving to 
ouch 8 g ~  

FORCE OF 
MORTALITY 
.T EACH AQE 

AGE 

snrviving to 
Nuniher 

ring in eucb 
sear of age 

Number 
ying in eucl 
year of age 

I ,  ____ P* 

0.96211 
.99569 
,99780 
,99839 . 99872 

.89889 

. m 4  
,99916 . m22 . 99928 

,99930 . W 3 0  
,99927 
.m23 
.99913 

,99904 
.99893 
,99882 
.WE74 . 99854 

,69855 
,99845 
,99838 . 99830 
,69824 

.99819 

.99812 

.99805 

.99797 

.99789 

,99779 
,99770 
.99761 
.99748 
.99735 

,99723 
,99708 
,99691 
.MI673 
.99654 

,99633 
,99607 
.99580 
,99549 
,99514 

.69477 

.€I9436 

.99393 

.99345 

.99294 

.99238 

.99179 

.,a9111 

. m 9  

.98960 

I ,  

8l.524l 
80, Wl 
78.614 
78. ,555 
77,419 

7 6 . m  
74,894 
73,495 
72. on0 
70,404 

68,701 
66,885 
64,950 
62,889 
60,695 

58,363 
55,893 
53,283 
50,539 
47,669 

44,685 
41,607 
38,458 
35,266 
32,063 

28.8!!2 
25.757 
22,723 
19.812 
17,057 

14,487 
12, 126 
9.995 
8. lo6 
6,462 

5,061 
3, RBO 
2.932 
2,166 
1.566 

- ____ n* P. 

0.98873 
* .98775 

.98670 

.98554 

.98425 

.98286 

.98132 

.97966 

.97783 

.97581 

.97357 

.97107 

.96827 

.96511 

.96158 

.95768 

.95330 

.94850 

.94321 

.93740 

.93112 

.92432 

.917W 
,90918 
.goo79 

.a9180 

.E8221 

.87189 
,86094 
,84033 

.a3703 

.82426 . 81101 
,79719 

' .78319 

.76862 

.75373 

.73874 

.72299 

.70817 

,69179 
.676W 
.66037 
.54419 
,62845 

q= 

0.03789 
,00431 
.00220 
.W161 
.00128 

.00111 
,00086 
,00084 
.00078 
,00072 

.00070 

.00070 

.00073 

.00077 

.00087 

,00086 
.@I107 . 00ll8 
,00126 
.00136 

,00145 . 00155 
.GO162 
.GO170 . Gill76 

. WlRl 

. 0019s . on203 

.on211 

. 0 2 2 1  

. onW9 

.00252 

.oo26s 

.00277 

.on292 

.on308 

.w327 

.on346 

,00367 
,00393 . 00420 
. W 5 1  
. 00486 

. 00523 . 00M4 . W 0 7  

. 00706 

.on762 

.on821 . ws89 

. m 1  

.01040 

____ 

. wi88 

. nonci 

. 

100. 000 
96.211 
95,796 
95.585 
95,431 

95,309 
95,203 
95,112 
95,032 
94,958 

94,890 
94,824 
94,758 
94,689 
94,616 

94,534 
94; 443 
94,342 
94,231 
94,112 

93,848 
93,703 
93,551 
93,392 

93. m 
83.059 
92 884 
92.703 
92,515 

92 320 
92,116 
91,904 
91,684 
91,453 

91.211 
80,958 
90,692 
90,412 
90,117 

an. 805 
89,475 
89,123 
88,749 
88,349 

87,920 
87.460 
86,967 
86,439 
85,873 

85,167 
84.617 
83,922 
83.176 
82,377' 

03.984 

910 
987 

1,1159 
I ,  136 
1,219 

1,3M 
1.399 
1.495 
1,596 
1,703 

1,816 
1,935 
2, o61 
2,194 
2,332 

2.470 
2.610 

2.870 
2,984 

3,078 
3,149 
3,192 
3,203 
3,181 

' 2.744 

0.01089 
.01181 
.01284 
.01396 
.01520 

,01656 

. Ol968 

.02146 
,02342 

. nm05 

3,789 
415 
21 1 
154 
122 

0. ni in 
.01225 
.01330 
.01446 
.01576 

IM 
91 
80 
74 
68 

.01714 

. O M 8  
,02034 
.Om17 
.02419 

' 66 ,02559 
,02802 
.03075 
.03382 
.03727 

91 
101 
111 
119 
128 

136 
145 
152 
159 
164 

169 
175 

188 
195 

204 
212 
220 
231 
242 

253 
266 
280 
295 
312 

330 
352 
374 
400 
429 

460 
493 
628 
,566 
608 

650 
695 
746 
799 
857 

181 

,04232 
' .04670 

.05150 
,05679 
.06260 

.04114 
,04545 
.05026 
.05558 
.06146 

. OR791 

.07494 

.08257 

.09082 

.09973 

,10836 
,11978 
,13105 
.14324 
.I5638 

. cmB88 

.07568 

.08300 

.0092l 

. 11779 . 12811 . 139M 

.I5067 

.162(17 

.I7574 

. I8899 . m1 
,21881 

,23138 
.24627 
,26126 
.27701 
.28183 

,30821 
.32377 
.33963 
.35581 
.37155 

.38724 

.40322 

.41877 

.43419 

.44958 

.46455 

.47905 

.49356 

.50756 
1.00000 

. moa2 

. inam 3,125 
3, R?4 
2.91 1 
2.755 , 

2,570 

2,361. 
2,131 

1,f34 
1,401 

1, 889 

1,171 
958 
766 
rm 
457 

.25373 
,27283 
,29271 
.31334 
.33472 

1.108 
767.2 
518.8 
342.6 
220.7 

341.8 
248.4 
176.2 
121.9 
82.0 

,35681 
.37960 
.40305 
.42714 
.46182 

138.7 
84.99 
50.72 
28.48 
16.68 

9.181 
4.916 
2.m1 
1.297 
.638 

53.71 
34.27 
21.24 
12.80 
7.499 

4.285 
2.355 
1.264 
,658: 
,636 

. .53545 
,52095 

. . w 4  
.49244 
.ooooo 

.60970 

.83702 

.I33440 

.69171 
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70 

1.607.561.7 
1,578,261, 13 
1,552,675.28 
I .  527,488.32 
1, 502,500.19 

UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 

55 
56 
57 
58 

659 

TABLE %.-UNITED STATES WHITE FEMALES: 1939-1941-COMMUTATlON COLUMNS AT 2 P E R C E N T  I N T E R E S T  

1,477.654.33 
1.4~52,918.97 
I .  428,277.73 

I ,  379,221 97 
I .  403.71s. 71 

fil 
GI 
62 

64 
83 

I ,  3S4.700. 1.5 
I. 330,414. 12 
I ,  300,091. 17 
1.281.8m 26 
I ,  257, WZ. 09 

I, 233,440.44 
I ,  2(19,339.12 
I, 185.304.09 
I ,  161,341.19 
I, 137,456. n i  

I .  113.R52.51 
I, 089,935.15 
I. ow, 307.52 
I .  042,773. 68 
I. 019,336.24 

995,997.65 
972,759.02 
949,621.38 
926,586.27 
903,055.12 

aRn,8%.84 
858.112.21 
835.504.99 
813,010.20 
790,629.98 

65 
66 
67 

69 

71 
72 
73 

75 
76 

fi8 

70 

74 

77 
78 

81 

79 

80 

R2 
83 

,84 

R6 
87 
R8 
89 

85 

7~8 ,3~7 . ,52  I 
702.319.07 

658.940.04 

616. 126.40 
594,9413. 07 

746,220. I17 
724.208.66 

lEQ561.42 

f37,459.96 

573,925.35 

!a 

(13 

os 
97 
98 

91 
02 

94 

96 

99 

451,630. 78 

412.558.04 
3 9 3 , m . ~ 9  

431,976. 48 

374,481.41 

105 

107 
in8 

106 

I f 0  

- - 
2 - 
C 
1 

4 

_ I  

I 

I (  
11 
1: 
li 
14 

15 
16 
17 
18 
19 

211 
21 
22 
23 
24 

25 
26 
27 
2€ a 
3c 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
4 3 
44 

I 45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
- 

NZ S. M .  

8, 345.56 
8,042.38 
7,723.15 
7.387. 35 

-- 

7,034.19 

N. D ,  SZ n4z RZ -- 
55,847.47 
37,501.91 
19.459.53 . 
01,736.38 
84,349.03 

67,314.84 

34.379.76 
18,517.17 
03,083.95 

50,652.18 

ae.. 73,586.40 ion. I 2 

59,564. lfi 
16,055.34 
33,082 65 

20,669.49 
08, R39.31) 
97,614.75 
87,017.34 
77,068.43 

67,778.45 
59, 166. 22 
51,237.36 
43,993 92 
37,431. 64 

loo. 000 
94,325 
92,076 
9 n , m  
88,187 

86;324 
84.538 
82. 801 
81. in9 
79,457 

77,843 
70,263 

73,198 
71,707 

70,240 
68,797 
67,376 
65,977 
G4,601 

03, ?A9 
61.919 
60.811 
59,326 
58,064 

56,825 
5s. 610 
54.417 
53,246 
62,096 

74,7lfi 

50,967 
49,857 
48,767 
47,697 
46, 644 

45, 608 
44,590 
43.588 
42,601 
41,029 

40,672 
39, 728 
38,796 
37.875 
36,966 

35,172 
34, 288 
33,412 
32,542 

31,679 

36,065 

30,821 
29,969 
29, im 
28,275 

3, 605,671 

3,411,346 
3,319,270 

3,505, 671 

3,229,198 

101,903,354 
98,297, 683 
1)4,792,012 
91,380,666 
88,001,396 

,714.7 
398.89 
198.83 
142.27 
iin.50 

84.125 
79 221 
68.279 
61. OM 
55.784 

.52 I141 
s7 339 
,SR. 325 
GO. 927 

66.289 
72.130 
77.718 
81. 685 

5.1. nai 

86.140 

89.730 
93.792 
96.392 
98.854 
99.9W 

100. 99 
102.53 

105.87 
107.65 

110.41 
112.40 
114.45 
117.82 
121.01 

124.03 
127.84 
131. I13 
136.27 
141.30 

146.52 
153.23 
159. 61 
1 67.36 
175.97 

184.99 
194.37 

214.49 
225.15 

236.76 
248.19 
261.17 
274.24 
288.38 

I 103. 96 

204. 09 

29,300.6 
26.585.85 
25,186.96 
24,988.13 
24,845.86 

24,735.36 
24, MI. 24 
24, mz. 02 
24,493.74 
24,431.82 

24,376.03 
24, 322.95 

24.217.57 
24, 162.25 

24.270.91 

24, mi. 32 
24,035.03 
23, 962. 90 

23,803.511 
27.885.18 

23, 717. 36 
23,027.63 
23, 533.84 
23,437.44 
23,338.59 

23,238.63 
23.137.64 
23,035.11 
22.931.15 
22,825.28 

22,717.63 
22, 607.22 
22.494.73 
22.380.28 
22.262 46 

22,141.45 
22,017.42 
21,889.58 
21,757.65 
21, 621.38 

21.480.08 
21.333.56 

21,020. 72 
21, 180. 33 

20,853.36 

m, 677.39 
20,492.40 
20, 298. 03 
20,093.94 
19,879.45 

19,654.30 
19,417.54 
19. 169.35 
18,OOR. 18 
18.633.94 

7,432 
6, 591 
5,750 
4, 9(i9 
4, om 
3, 224 
2,379 
I ,  530 
0.679 
9,824 

; 3 
7,233 
6,359 
5,479 

4,5L12 
3,701 
7, 805 
I ,  907 
I, 01 1 

3.119 
3,237.5 

7,525.6 
6,708.0 

5,924.0 
5,179.4 
i, 479.7 
3,829.3 
3,232. 1 

2,691.3 
2,208.5 
1,784.7 
1,419.0 
I ,  in9 I 

3,370.9 

851.57 

474. I R  
343 43 
243.43 

169. 01 
114.63 
75.995 
49.201 

641.70 

31.073 

63,398 
35,966 
09, 375 
83,625 
58,716 

11,424 
89,045 
67, 515 
46,836 

34,648 

,485,066 
,021,6137 
,585,701 

, 7 ~ 2 , 7 n i  
,176,326 

103. 18 
119.23 

853 16 
:71.53 

!p5. so 

#go. 24 
08.83 

70.11 

29.37 
49.39 

91.48 
13.42 
36. I3  
59.53 
83.00 

'05.46 
827.23 
46.50 
162.93 
175.75 

883.37 
8s. 42 
81.16 
870. 11 
52.45 

28.40 

a. 04 

30. n i  
80. 51 
30 69 

98.14 
62.64 

77.44 

R2 IS 
35.73 

93.17 
M. 94 
21.45 
r13 2R!l 
60. cd7 

n l  n R O  
3fi 386 

17. 163 
11.311) 

2 5 . 3 1 ~  

7.2F434 
4 5467 
2.7627 
1.6323 
.93753 

.5227G 

.28299 

.148RI 

.07232 

. n7m3 

- 

3,141,035 

2, 808. 263 

3,054,711 
2,970,173 
2.887. 372 

84,832,198 
81. 691,163 
78,636,452 
75,666,279 
72, 77!s 007 

433,9RR 
om. 337 
787.913 
498,8ffl 
231,353 

6. 662. 66 
fi, 272.42 
5, 862. 59 
5,433.22 
I ,  983.83 

2, 726,80fl 
2, W8. YG3 
2,572,700 
2,497,984 
2,424.786 

2,353,079 
2,282,839 
2,214,042 
2. 146. R66 

69,072.644 
67.245. S3R 
04,586.87s 
n2.024.17~ 

57,101,405 
54,748,326 
52,465,487 
50,251,445 
48, 104,779 

59. 52(i, 191 

27,012 
ns. 047 
89.945 
72,712 
56,353 

984,517 
757,505 
549,458 
359,513 
188,801 

030,448 
889,574 
763,282 
650.711 
550,036 

I, 513.72 

3, 508.82 
2,972.69 
2,413. 16 

1,022 24 

40,874 
26,282 
12,581 
99,776 
87,869 

1,830. 10 
I, 224.64 
D, 597.41 
0,950.91 
9,287.98 2; 080; 689 

2,016, 088 
I ,  952,839 
I, 890,920 
I. 830,309 
I ,  770,983 

46, 024,080 
44,008.002 
42,055,163 
40,164,243 
38,333,934 

76,858 
66,739.0 
57, 501.5 
49,130.6 
PI, 605. n 

463,066 
386,2138. 2 
319,469.2 
261,967.7 
212,837. 1 

5, 612. 23 
7,928.86 
7,243.44 
6,562.28 
5,892. 17 

5. B9.72 
1,611.32 

2,928.50 

1,013. 18 
1,450.54 

1,712,919 

1.600, 484 

1,492,821 

I ,  BSB. 094 

I ,  546.067 

36,562,951 

33, 193.93R 
34. am. 032 

31, 593,454. 
30,047,387 

34.897.0 
8,973.  n 
23,793.6 
19,313.9 
15,,484.6 

171,232.1 
136,335.1 

83.5fi8.5 
6.1.254.6 

107,362. I 

31.539.47 
26,299 75 
21. 688.43 
17.675.25 
14, i24.71 

I, 440,725 
I ,  339,758 
I. 339,901 
I ,  291,134 
1, 243,437 

28,554,566 
27,113,841 
25,724,083 
24,384.182 
23,093,048 

12,252.5 
9.561. 2 
7,352.7 
s. 51x1. n 
4.149. n 

48,770 n 

14.03.5.8 

36, 517.5 
2fi. 956. 3 
19,608 6 

2, 451.06 

I, 309.85 

2,021. 05 
L, 640. 54 

I,  027.70 

701 07 

II.296.21 
8,845. I5 

5, 18 .56  
3,873.71 

6 . ~ 2 4 .  in . 

1,196, 793 
I ,  151, lR5 
I .  106,5115 
I ,  063, on7 
1.020,406 

21,849,611 
20,652, Rl8 

18,395,038 
17,332,031 

16,311,625 
15,332,848 
14,394,743 
13,496,366 
12, W6.785 

IV, 501, 633 

2,039.85 
2, 188.28 
I ,  ,546. 58 

.1.072 39 
728.96 

9. RRR. SR 2,846.(II 
2,054. n4 

1,011.385 
888.077 

I ,  455.24 
0: iii 7 i  
4,658.4.5 
3,111.87 
2,039.48 

. .. . . .. . 
598.81) 
443. 86 

229.139 
322.408 

978.777 
93s. 105 
898.377 
R59,581 
821,706 

784.741 
748,676 
713, KO4 
679,216 
645,804 

485.53 
316.52 

125.895 
76.694 

mi. 890 

I ,  3117 52 

180. 681 

824.99 
508.466 
306.576 

IS9 492 

46.733 

ins 423 
72.037 

29 570 

18.2506 
in. 9822 
6.  4355 
3.6728 
2.04055 

459.838 
3M. 346 

1 19. 856 
73.153 

43.51129 
25 3323 
14.3M1 
7.9146 
4 24178 

i n i . R a  

11, R I ~ .  079 
I I ,  030,338 
IO, 281.662 
9,5G8,158 
8,888,942 

18.145 
11.501 
87202 
3.8345 
2.1271 

45.621 
26.476 
14 9755 
8 2463 
4 4118 

2 2847 
1.13687 
.53432 
.22657 . 0i3770 

103.987 
58.366 
31 8898 
16 9143 
8. 6680 

4 2562 
I 07153 
,83466 
,30034 
.073771 

,613,262 
581,583 
550.762 
520.793 
491, 673 

8, 243, 138 
7,629,876 

6.497.531 
7.048,293 

5,976.738 

1.1478 
.60255 
.30775 

.I173771 

. ism0 

I. 10302 
. sa026 

.07232 

.29727 
. . 148351 

2.20123 

,5179s 
I. 09821 

.220680 

.072323 

A 



RZ 

,142,624.3 
,119,979.77 
, ini. 031.87 
,082,418.97 
,064.12200 

2 - 
55 
56 

58 
59 

57 

,045,904.55 
,027,794.83 
,oOe,776.72 
991.R36.06 
973.959.06 

956,142.31 
838,378.69 
820.665.37 
903,001.12 
885,386.93 

867,824.40 
850 318.49 
83i873.88 
815 495.65 
798:1Sa68 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 

70 
71 
72 
73 
74 

696,020.14 

662,655.45 
646.107.42 
629,650.05 

613,284.55 
597,01201 
.580.834.35 
564.78289 
548,768.83 

679,293.33 
80 
81 
82 
83 
84 

85 

87 
88 
89 

86 

~w.m.54 
517.1M22 
.5n1.423.91 
485.852.25 
470.390.21 

go 
01 
92 
93 
04 

455,040.75 
439.807.49 
424.694.13 

394,846.31 
408,705.55 

95 
96 
97 

09 
98 
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TABLE 27.-uNITED S T A T E S  W H I T E  FEMALES: 1 9 3 ~ 1 9 4 1 - c O M ~ f U T P I T I O N  COLUMNS AT 2% P E R C E N T  1N.TEREST 
- - 

C. 

,696.6 

- 
395. 00 
195.93 
139.52 
107.83 

91.403 
76.555 
65.660 
59.264 
53.121 

W. 302 
49. 075 
50.054 
51.664 
58.618 

fi1.m 
66.377 
71.169 
74.438 
78.115 

80.973 
84.225 
86.138 
87.907 
88.46c 

88.934 
89.845 

91.868 
92.965 

94.883 
96.199 
97.395 
99.770 

m. 659 

101.97 

104.01 
106.68 
109.56 
112.61 
116.20 

II9.9n 
124.78 
129.34 
134.96 
141.22 

147.73 
154.46 
161.39 
168.79 
176.31 

184.50 
192 46 
m1.55 
210.60 
220.38 

- 
D, 

n. rn 
0,221 
9,486 
8.758 
8,036 

7,319 

$I 
4 196 
4,497 

3,801 
3,109 
5419 . 
1,731 
1,046 

D, 682 0 
D, 004.7 

0; 363 

8,332.7 
7,667.8 

7,012.5 
6,370.2 
5,744.5 
5,139.2 
4,658.5 

4,006.1 
3,485.5 
4999.9 
2,551.8 
4 143.4 

SZ M. 

12,7fi4 89 
12.534.33 
12,292.75 
12.039.87 
11, 775.22 

11.498 16 
11. 208.57 
IO. 905.92 
IO. 590.39 
n. 261.76 

--- 
s, . ___- 

I, 866.678 
:. 530,559 
8) 215,403 
k 920, 468 
k 645, 019 

,388,328 
k 149.673 
,828,337 
,723,608 
,634,778 

D, N. M= 

22,644.5 
18.947. PO 
18.552.90 
18.356.97 
18.217.45 

18.109. fi2 
1A.OI8 21 
17,941. 66 
17.876.00 
17,816.75 

17.763.62 
17.713 32 
17,664.25 
17,614.19 
17,562 53 

17,505.91 
17,444.61 
17,378.23 
17.307.07 
17,23263 

17.154.51 
17,073.54 
16, 989.31 
1fi,903.18 
16.815.27 

16.726.81 
16,637.88 
IS, 548.03 
16.457.37 
16.365.50 

Ifi, 272.54 
16,177. 6fi 
16. 081.46 
15.984. 06 
15,884.29 

15.782.32 
15.678.31 
15.571.63 
15.462.07 
15,349.46 

15.233.26 
15,113.3fi 
14.988. 58 
14.859.24 
14,724.28 

CZ 

230.58 
241.58 
252 88 
264.65 
277.06 

289.59 
3n2.65 
315.53 ' 
328.63 . 
34211 

3Ei5.91 
369.98 
384.46 3w. 29 
Ll4.05 

127.86 
141.08 
I52 42 
161.66 
188.28 

171.25 
170.37 
165.16 
155.38 
141.22 

122 88 Inn. 65 
174.94 
M6. 19 
115.07 

B2.39 
!48.66 
!I505 
82.59 
51.81 

23.79 
9R.803 
77.074 
58. 888 
43.767 

31.936 
22.643. 
15.670 
10.576 
6.9411 

4.4355 
2 7611 
1.6605 

-_ 

.gel59 

.a104 

.31131 

.I6770 

.08781! . 044611 

.042231 

N. 

136,119 
115,156 
94,935 
575,449 
!56,691 

38, fi55 
21,336 
M, 72% 
88,830 
73,634 

R. -- 
141.809.78 
2g*n44.89 
116,510.5G 
04,217.81 
92,177.94 , 

so, 402 72 
68, BW. 56 
57,695.99 
46,790.07 
36, 199.68 

25,937. Y2 
16.018. 27 
06.4.54. XI 
07.2fiO. 77 
68,451.47 

En, 041.46 
7 5  045.50 
04,477.40 
57,350.38 
SO, 675.78. 

44,462.83 
38,718.16 
33,444.74 
18,641.69 
24,303.80 ' 

loo, ow 
93,864 
91.180 
88,760 
86,456 

3% 
SO. 014 
77,997 
76,036 

74.128 
7 2  no 
70,450 
68.689 
66,962 

65.272 
63.619 
62.001 
60.418 
58.870 

' 57.356 
55,876 
54,429 
53. 015 
51,634 

50.286 
48.971 
47.687 
46,433 
45.208 

44,013 
4 2  845 
41,703 

39.488 

38.434 
37.392 
36.374 
35,377 
34.401 

33.446 
32,510 
31.593 
30.693 
29,808 

28,087 n, 248 
26,422 
25, f300 

24,808 
wnis 
23. 240 n. 472 
21.713 

40.589 

2s. mi 

3,171,576 
3,071,576 
2,977,712 
2.886,53? 
2,797,772 

2,711,316 
2,627,077 
2.544.984 
2,464,970 
2,386,973 

2,310,937 
2 236,809 
2164.539 
2,084,081 
2,025,392 

83,187,057 sn, 015,481 
76.943, Qo5 
73,966,183 
71,079, 661 

0 
1 

. 2  
3 
4 

5 
6 
7 
8 

4 9 

68,281,889 
65,570, 5% 
62943,496 
60,398,512 
57,933,542 

IO 
11 
12 
13 
I4 

15 
16 
17 
18 
18 

20 
21 
22 
23 
24 

55, st6. 569 
53 235 632 

48,834, !284 
44 740.203 

so: 998: 823 

59,137 
45,336 
32,227 
19. 808 
08, 077 

,361. I44 
,2M. 007 
,056.671 
924.444 
804.636 

9,919.65 
9.563.74 
9. 193.76 
8.809.30 
8,410.01 

7,995.96 ' 
7.568.10 
7, 127. 02 
6.674.60 
6, 212.95 

5.744.67 
5, 273.42 
4,803.05 
4,337.89 
3,882.51 

1,958,430 
1.893, 158 
1,829,539 
1.767.538 
1,707,120 

1 , ~ 8 , 2 5 n  

1,535,018 

i;4n,574 

1,590,894 

1,480,588 

M. n 4 , m  
42,756,381 
40,863.223 
39033684 
37: 2se: 146 

35 ,5m,m 
33, gin, 776 

29,304,275 

32,319,882 
30,784,864 

97,031 

76,986.2 
67,981. 5 
59,648.8 

86, 668.2 
696,559 

512 860.0 
435,873.8 
367,892.3 

m, 528.2 

51,981.0 
44,968.5 
38.598.3 
32,863.8 ' 
27,714.8 

308,243. 5 
We, 262 5 
211.294.0 
172895.7 
139,841.9 

1,375,940 
1,325,654 
1. 276, fi83 
1.228.996 
I, 182.563 

1,137,355 
1.083,342 

1,008,794 
1. om. 497 

VGS. 205 

27.876.701 
26,5M), 761 
25.175, 107 
23,898,424 
22.@9, 428 

23.156.1 
19.150.0 
15.664.5 
12,664.6 
10,112.8 

112127.3 
88.971.2 
69.821. 2 

3.441.29 
3.018.41 
2, fi17.86 
2,242.92 
1.896.73 

zo. 421. 29 
16, 980.00 
13,961.59 
11,343.73 
9,lnn. 81 

9 
zo. 421. 29 
16, 980.00 
13,961.59 
11,343.73 
9,lnn. 81 

9 

54; 156.7 
41,492.1 

30 
31 
32 
33 
34 

21.4&3,865 
20,349,510 
19,256,168 
18,205.671 
17.196.877 

1,776.0 

I, 166.3 
922 so 
717.70 

I, 450.3 
7,969.4 
6,193.4 
4,743. I 
3, 576.78 
2 653.98 

31.379.3 

17.216. 5 
23,409.9 ' 

12,473.35 
8.896.57 

1, 581.66 
1.299.27 
1. 050. A I  

835.56 
652 97 

7,204. os 
4,323.15 
3.272.54 
2,436. 98 

5.622.42 

35 
36 
37 

' ;; 
928.706 
890.272 

816.506 
781,129 

t~2 .88n  

16,228.672 
15,298,966 
14,409,694 
13,556,814 
12,740,308 

548. 39 
411.22 
302 39 
217.94 
153.73 

106.21 
71.683 
47. 282 
30. 468 
19.149 

1.936.28 
I. 387.89 

976.67 
674.28 
450.34 

302.01 
196.396 
124.713 
77.421 
46.953 

6.242.59 
4.3W5.31 
2.918.42 
1,941.7*5 
1,267.47 

811.13 
508. 521 
312.125 
187.412 
109.991 

6% 038 
35.2340 
10.1711 

5.1691 

2 52853 
1.16705 
.49246 
.I7669 
.a4329 

in. 1269 

501.16 
377.372 
5 8  569 

142.596 

96.629 
66.893 
44.250 
28.580 
18.0035 

201.495 

1,784.01 
1,282.853 

805.481 
626.91 2 
425.417 

282.821 
183.992 
117.099 
72.849 
44.2894 

40 
41 
42 
43 
44 

746,728 
713, %2 
680. i72 
649.179 . 618,486 

11.959. I79 
11,212,451 
IO. 499.169 
9,818.397 
9,169,218 

45 
46 
47 
48 
49 

588,677 
659,736 
531,649 
504.401 
477,979 

14.583.06 
14,435.33 

14.119.48 
13,950.69 

14,280.87 

11.741 
7.0187 
4. os64 
2 3172 
1.2791 

27.804 
16.0628 
8.0442 
4.9578 
2.6406 

11.0624 
6.6268 
3.8658 
2.19631 
1.21472 

26.2659 
15.2035 
8.5766 
4.71084 
2 51453 

7,402,319 

6, m, 269 
6,87n,670 

.66689 

.35882 

.18237 . 0 9 O l M  
,04329! 

50 
51 
52 
53 
54 

452,370 
427,562 
403,544 
380,304 
357,832 

5, 888,280 
5,435,920 
5. Mls, 358 
4.604.814 
4,224,510 

13.774.38 
13,689.88 
13,397.42 
13,195.87 
12,985. a7 

1.36148 
.67459 
,31577 
.I-  
,043291 

,65368 
,34237 
.17466 
.OS685 
.n4m 

1.28981 
,64613 
.3n3758 
.I29089 
.042235 

I 

/ 

e 



818.932.5 
801,014.39 
786.774.86 
772.926.51 
7.50.271.25 

745,752.82 
732.339.63 
719.015.21 
705.564.78 
m2.577.51 

55 

57 
58 
59 

6n 
61 
fi2 

64 

56 

ru 

614,518. 98 
601,680.87 
588.898.47 
576,179.18 
663.524.OQ 

70 
71 
72 
73 
74 

550.936.86 
538.420.60 
525,977.25 
513,W.67 
501,319.11 

476,972.75 

452,940.23 
441,04247 

429,224.49 
417,486.84 
405,830.79 
394.257.07 . 

371.3Cfl.07 
360,039.85 
34R. 806. 93 
%17,(iR3. 1 I 
326,610.35 

489 , ioan  

464,917.10 

382,766.29 

75 
76 
77 
78 
79 

80 

82 
81 

83 
84 

85 
86 
87 
88 
89 

90 
91 
92 
9.1 
94 

38.3106 
21.3242 

6.0788 
1 1 . 5 ~  

3.09054 

27133 
1.68(#1 
1.0114 

.BIB 

.59175 

1.50604 
.69269 
,29132 

,025471 
. I 04217 

.18585 

.OW634 

.a51919 

.ON729 

.om252 
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TABLE 28.-uNITED STATES W H I T E  FEMALES: 1939-1941-cOnfnrUT.4TlON COLUMNS AT 3 PERCENT INTEREST 
- - 
2 - 
n 
1 _- 2 
3 
4 

5 
6 
7 
R 
9 

in  
11 
12 
13 
14 

15 
16 
17 
18 
19 

21 
.22 
23 
24 

20 

. a’ I c, N,  S. R, II N, M. C, lU, li. R= , D. 

100, ooo 
93.- eo. 297 
87.474 
84,789 

82,214 
79,731 
77,335 
75,019 
72.777 

70,607 
08, .m 
66.461 
64.479 
62,552 

60.678 

55,351 
53,671 

52,037 
50,448 
48.903 
47,402 
45,943 

44,526 

2= 

43.151 
41,815 
40,518 
39,258 

38.035 
36,845 
35.690 
34,567 
33,476 

32,415 
31.383 
30.380 
28,404 

27.530 

24.898 
24,064 

23,249 
22.454 
21,677 
20.918 
20,176 

19,450 
18.740 
18.044 
17.363 
16.695 

m, 455 

E% 

2, 818,139 
2,718,139 
2,624,730 
2,534,433 
5446,959 

68,639,305 

63. 103.027 
65,821,166 

60.478.297 
57,943,864 

,678.6 
391.18 
193.09 
136.83 
105.24 

88. 773 
73.991 
63.153 
56.715 
50.698 

47.68n 
46.291 
46.986 
48.262 
5 2  633 

56.708 
61.105 
65.201 
67.864 
70.870 

73.107 
75.674 
77.017 
78.217 
70.327 

78.364 
78.783 
79.111 
79.777 
80.337 

81.597 
8 2  327 
82.946 
84.5.56 
86.003 

W. 293 

91.061 
93.147 
85.646 

89.105 

m. 2i7 

108. 95 

101.71 
104.92 

113.44 

118.10 
122 88 
127.78 
132.98 
138.23 

143.95 
149.43 
155.73 
161.93 
168.63 

17.918. 1 
14. 239.53 
13. 848.35 
13,655.26 
13.518.43 

13,413. I9 
13.324.42 
13.250.43 
13.187.27 
13,130.56 

13.079. Bli 
13. lX32.28 
12.985.99 
12, 939. on 
12,880.74 

12,838.11 
12,781.40 
12,720.29 
12,655.09 
12,587.23 

12,516.36 
12.443.25 
12,367.58 
12, zoo. 56 
12.212.34 

12,134.02 
12,055.65 
11,976.87 
11,897.76 
11,817.98 

11,737.65 

11,573.72 

11.40fi. 22 

11,320.22 
11.232.92 
1 I, 143.82 
11.052.7fi 
10.959.61 

IO. 8m. ‘J(i 
10.765 75 
io,w 04 
10.559.12 
in. 450.17 

10,336.73 
in, 218.63 
10,095.75 
9,967.97 
9,834.99 

9,696.76 
9.552.81 

9,247.65 
9,085.72 

11,656.05 

i1.490. 78 

9.403.38 

i. (140 
5.398 
I, 766 
1.145 
I, 535 

2. 934 
2.342 
I. 758 
I. I84 
I, 617 

1, n59 #. .w7. 6 
1.963.7 
1,426.4 
I, 895.6 

I. 371.1 
j, 853.5 
3,343.2 
5,841.3 
5,349.1 

1.868.2 
I, 4on. 9 
I. 949.3 
I, 516. n 
t, 103.6 

L4.568 
28,528 
13. I30 
38,334 
34,219 

io, ti81 
57, 751) 
15.4013 
33,650 
12,466 

11.849 
11.780.2 
32,282.6 
33,318.9 
74,892 5 

i6,996.9 
59,625.8 
52,772 3 
16,429.1 
in, 587.8 

735.022 
490, 454 
281.926 
048,796 
850,432 

8,917.08 
8, 741.53 
8.558.47 
8,3fi7.78 
8, 169.18 

i, 962.28 
7, 747.07 
7,523.24 
7, 291. 02 
7, om. 33 

i4.W. 31 
i5.980.22 
17,248. fig 
1% 690.22 
Ip. 322.44 

n. 153.2fi 
14, 190.98 
M5.443.91 
8,920.67, 
11.629.65 

14,578.32 
f7,778.33 
fl. 235.48 
14,959.68 
js, 869.03 

23.245.79 

12,709.24 
17,826.08 

17.90.3. 11 
13,414.13 

Z5.405.36 

18,696. 19 
15,821. 53 

a, 247.20 

ti. am. no 

175.56 
183.06 
190. I% 
198.60 
208. 90 

215.21 
223.83 
232.22 
240.69 
249.34 

258.14 
267. OB 
276.15 
285.41 
284.53 

e66.213 
495,529 
337.779 
192,371 
058,721 

2,362,170 

2. 122. 890 

2,278,956 
2. zoo, 225 

2,047,871 

~ , 4 s . m 5  
53.134.735 
50,854,779 
48,654,554 
46.531.664 

44,483,793 
42,508.699 
40,604.212 
38,768,228 
36,998,705 

35.293, 661 
33,651,169 
32,068.355 
30,546,395 
29, OSO, 513 

679. 446.95 I I  65 936.255 

722,615.5 
824,405.7 

&30,332.9 
547,014. n 

fi, 800.99 
fi, ,542.85 
6,275.80 
5,999.65 
5,714.24 

1,975,094 

I. 835,984 

. I ,  705,044 

1,642,492 

1.410, ai 

1,904,487 

I. 769,523 

1,581,814 
*1,522,960 
1,465,882 

472,121.5 
405,124.6 
345,498.8 
292,726. 5 
246,297.4 

205,709.13 
170.470. 9 

92,iin. 5 

140.100.4 
114,130.8 

5,419.71 
5; 116.84 
4, 806. 13 
4,488.98 
4,166.93 

35,238:7 . 
25,969.6 
in, 370.5 

E. 020.3 
18,504.3 

12,686.5 
in, 336.4 

15,400.7 

8,323.6 
6,619.7 

5.195.5 

3, O6A 73 
4,021. io 

2,302. 99 
1,701. 64 

1.236.21 
882.31 
618.21 
424.91 
286.344 

1,356,860 
1,304,823 
1,254,375 
1,205,472 
1,158,070 

27,069,982 
28,313,122 

22,548,452 
332  

3,841.84 
3, 516.27 
3,192 90 
2,874.66 
2,564.62 

25 . 26 
27 
28 
29 

30 
31 
32 
33 
34 

1.112,127 

982.635 

1,067,601 
I, 024.4.~ 

21,380,382 
20,278,255 
18,210,654 
18,186,204 
17.203.569 

16,281,452 
15,358,593 
14,483,769 
13.665.7W 
12,873,501 

12.115.779 
11,391,’533 
10,689,702 
10,039,254 
9.m. 186 

8.808.522 
8,236.313 

7,173,585 
6, 681,289 

6,213,891 
5,770,557 
5,350.472 
4,952,841 
4,576,887 

4,221,851 
3,886,991 
3,571.581 
3.274.91 1 
2,996,285 

7,691,634 

1,714.2 
8,350.1 
1,012.8 
I. 703.9 
I, 424.2 

73,606.2 

35. 182.6 

58,205.5 
45,519. n 
26, 859. n 
m. 239. 3 

7.955.93 

15.043.76 
11.022.66 

5.652.94 

2,265.68 
1.9m. 56 
1,711.80 
1,461.45 
1.231.41 

13.256.91 
in,wi. 21 
9,010.67 
7.298.87 
5, 837.42 942; 117 

1,174.4 
954.37 
763.74 
601.35 
465.43 

1,n23.07 
R37.25 
674.42 
L34.28 
415.866 

4v 606. ni 
3.582.94 , 
2,745.69 
2,071.27 
1.536.991 

902,859 
864,824 
827.979 
792, m9 
757,722 

724,246 
691,831 
MO. 448 
mn, 068 
can, 664 
572,208 
.544,679 
518,049 
492,296 
467,398 

185.82 
162.83 
140.14 
118.41 m. gag 

353. ml 
183.26 
138. 61 
97.205 

. m. 10 
317.897 
238.397 
175.252 
126.23.3 
88.955 

I, 121.125 
803.2% 
569.831 
389.579 
263.340 

3s 
36 
37 
38 
39 

79.500 
63.145 
49.019 
37.278 
27.568 

14.123 
9.7265 
6.5331 

20.017 

!. 2667 

i 715.09 
1.832. 78 
1.214. 57 

789. fi22 

C6.895 

29.498 
18.912 
11.828 

44. 930 
189.049 
122.154 
77.224 
47.726 
28.814 

16.9864 
9.7694 
5.4759 
2.9883 
1.58452 

503.278 
314.229 

114.851 
67.125 

192.075 

61.389 
41.372 
27.2485 
17.5220 
10.8889 

6.7222 
4. a089 
2 3281 
1.31671 
.72496 

174.3RI 
113.002 
71.6298 
44.3813 
26.8593 

40 
41 
42 
43 
44 

45 
46 
47 
48 
48 

- 50 
51 
52 
53 
51 

443,334 
420,085 
397,631 
375,954 
355,036 

7.2170 
4. m95 
2.4876 
1.4038 
.77112 

15.8704 
9.1482 
5 1393 
2.81119 
1.49448 

.81340 

.40132 

.I8710 

.02547 

. n 7 m  

334,860 
315,410 
296.670 
278,626 
261,263 

. 4 l W  

.21422 

.lo835 

.05327! 

.025471 



592.ie4.4 
577,651.23 
566,778.88 
556.283.94 

.b45,999.31 

535,638.88 
525,7R1.17 
515,809.69 
,505.909.74 
496.070.54 

4R6,285.64 
476.548.94 
466,867.45 
457,208.64 
447.605.95 

438,047.36 
428.537.71 
419.080.54 
409,679.65 
400,33a52 

391,059.2s 
381.844.3R 
372,695.51 
363,614.67 
354.60273 

55 
56 
57 
58 
59 

60 
61 

. 62 
63 
&1 

65 
66 
67 
68 
69 

70 
71 
72 
73 
74 

75 
76 
77 
78 
7Q 

m;o58.s 

m,eiaw 

251 887 49 
-243;78975 
235.766.49 

219,048.61 
215157..03 
2Q4,44h98 
196,817.93 
189,276.07 

174,468.68 
167,187.61 
160.018.41 
152,946.48 

181.820.26 

90 
91 
92 
93 
94 

95 
96 
97 
98 
99 

100 
101 
102 
103 
104 

145,98I'.44 
139.124.91 
I32.3RO.83 
125,75292 
119.245.19 

105 
106 
107 
108 
109 
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TABLE 2 9 . - u N I T E D  S T A T E S  WHITE FEMALES:  193%1941-COMMUTATION COLUMNS A T  3% P E R C E N T  I N T E R E S T  
- - 
t - 
0 
1 
2 
3 
4 

5 
6 
7 
8 
8 

- - 
C. 

660.9 
387.41\ 
190.31 
134.20 
102 72 

- 

86.231 
71.525 
6 0 . 7 1  
-54.296 
48. iW6 

45.206 
43.678 
44.119 
45. 098 
48.945 

52.480 
56.278 
59.758 
61. R99 
64.328 

66.038 
68.027 
68.899 
69.635 
69.396 

69.094 
69.127 
69.079 
69.325 
69.474 

70.223 
70.508 
70.695 
71.720 
7 2  594 

73.328 
74.488 
75.757 
77.117 
78.803 

80.630 
82.994 
85.198 
8& 041 
91.231 

94.515 
97.870 

101.27 
104.89 
108.51 

112 45 
116.17 
120.48 
124.67 
129.20 

--- R= I 1  I. 
N .  D, R. C. M.  S, S. D. 

100. wo 
92,957 
89,427 
86.212 
83,163 

2z 
74.757 
i2.168 
69.674 

67,269 
64,949 
62,70!4 
60,545 
58,452 

56, 426 
54,466 
52.568 
50, 730 
48,953 

47,233 
45,570 
43,961 
42.405 
40. go2 

2,527,377 
2,427,377 
2,334,420 
2,244,993 
2,158,781 

57, 226,448 
54,699.07 1 
62,271,684 
49,937,274 
47,692, m i  

14,533.2 
10,872.35 
10,484.94 
10,294.63 
lo. 160.43 

78, 
66,210 
54,470 

32,584 
13,266 

,041,011 
762,511 
596,301 
441,831 
298,565 

165,981.5 
043.688.2 
830,827.3 
821,271.5 
735 424.5 

253.56 
119.70 
98D. 80 
836.80 
887.66 

532.83 
372.66 
206.89 
035.73 
850.19 

677.18 
489.68 
286.61 
097.94 
893.60 

683.75 
469.00 
249.75 
027.04 
801.m 

575.89 
350.67 
127.86 
909.72 
698.24 

495.31 
302.70 
122.02 
954.63 
801.37 

663.33 
640.80 
433.948 
342.435 . 
265.15 

702.126 
160.960 
110.516 
79.271 
56.825 

38.224 
25.6495 
16.8200 
10. IW 
6.72(8 

33.86 
38.90 
44.00 
49.24 
54.73 

60. 17 
65.77 
71.16 
76.54 
8 2  01 

87.52 
93.05 
98.67 
w.34 on. 85 

!14.75 
!19.25 
m.71  
Ph 06 
m.09 

E5.32 aa 72 
!IS. 13 
!11.1 
a2 93 

9 2  61 
80.68 
67.49 
63.16 

122 63 
loa 86 
91.513 

63. a58 

51.168 
40.444 
31.245 
23.646 
17.401 

12.575 

38.04 

78.950 

8. 8295 
6.0513 
4.0449 
28288 

1.6637 
1.0258 
.61418 
.36761 
.20243 

.11124 

.05w 

.03077 

.OlM 

.01451 

k% 
1.171 

2, 672 
2,185. 
3, Ms. 
3.243. 
i, 787. 

10,057. $1 
9 971.48 

9,839.20 
9.784.90 

9: 899.95 

8% gs4.31 

72,078.82 
68.871.93 
61.836.20 

66,977.01 
sa, 299.83 
47,810.17 

77,451.4~ 

43,613.66 
39,415.62 

2,075,618 
1,995,370 
1,917,922 
1843 165 
1: 770: 997 

1,701,323 
1,634,054 
1,569,105 
1,608,396 
1,445,851 

45,533,500 
43,457,882 
41 462 512 
3d 544:'!iQO 

22,413.3 
12.740.9 
03,655.8 
04,847.0 
36,603.9 37; 701: 425 

1.342.4 

2%: 
2%; 
5,251.9 
4,869.5 
4,475.9 
4,101.9 
?, 738.1 

3,385.6 
3,045.8 

2,410.0 
2.117.0 

1 8 4 2 6  

2,720.1 

1; 607. 5 
I, 353.2 
1,139.9 

848.23 

778.12 
629.29 
501.16 
392.70 
302.47 

78 816.1 
71:473.7 . 
84,567.1 
68,087.1 
62,024.8 

645,820.6 
667,m. 5 
496,630.8 
430,863.7 
372,876.6 

320 851 7 

233,359.6 
197,089.0 
1% 314.3 

2 7 i  479 7 

10 
11  
12 
13 
14 

35,930.42R 
34,228,105 
3 5  595,051 
31,025.940 
29,519,550 

28,073,699 
26,686,300 
25, 355,327 
24,078,820 
22.854.881 

9,736.70 
8.691.49 
9,647. R1 
9,603.09 
9,558.59 

1,387,399 
1,330,973 
1,276,507 
1.223,939 
1.173.209 

9,509.65 
9,457.17 
9,400.89 
9,341.13 
Q. 279.23 

46,372.0 
#I,  120.1 
36,260.6 
31,784.7 
27,882 8 

36, 62202 
31,838.27 
28 369 27 
25: lld 52 
!22,092.48 

19,2w). 60 
16,714.61 
14 364.04 
1$236.18 
IO, 328.47 

8, 628.23 
-7,132 92 
q830.22 
4708.20 
3,763.67 

15 
16 
17 
18 
19 

m 
21 
22 
23 
24 

1,124,256 
1,077.023 

. 1,031,453 
807.492 
945,087 

21,681,672 
20 557 416 
19: 4W: 393 

17,461,448 
-18,448,840 

9,214.91 
9,148.87 
9,080.84 
9,011.94 
8,942.31 

23,944.7 m, 559.1 
17,513.3 
14 793.2 
12: a = 2  

137 631 5 
113: 686: 8 
83.127.7 
76614 4 so: eZ1: 2 

904,185 
864,736 
826,690 
790,000 
754,BlQ 

720,504 
687.612 
655.903 
625,137 
595,875 

567,481 
540,120 
513,757 
488,360 
463, 8!?8 

440,34 
417,658 
395,823 
374,810 
354,592 

335,146 
316,449 
298,479 
281,214 
264,034 

24~. 720 
233,453 
218,814 
204 7m 
191: 354 

25 
26 
27 

29 

30 
31 
32 
33 
34 

35 
38 

. 37 
38 
38 

28 

39 449 
38: 046 
36,690 
35,381 
34,115 

32,892 
31,709 
30.566 
29,462 
28,394 
27,361 
26,363 
25,097 
24.462 
23.558 

16,516,361 
15,612,176 
14,747,440 
13,820,750 
13,130,750 

. 12,376,131 
11,655,627 
10,968,015 
IO, 312,112 
9,666,775 

9,090,900 

7.983.299 
8.523.419 

7,469,542 
6,961.18? 

8,872.91 
8,803.82 
8.734.69 
8,665.61 
8,596.29 

IO. 288.2 
8,423.7 
6,836.2 
5,483.0 
4,343. ob 

q438.0 
36,171.8 
29,748.1 
22 911.9 
17: 428.88 

3,394.82 
2,618.70 
1 987 41 
1' 4Ra' 25 
1: 093: 55 

13,085.83 
9,691.01 
7,074.31 
5 086.90 
3: 600.65 

2,507.10 
1,716.02 
1,153.82 

761.590 
83.138 

313.036 
194. 660 
118.492 
70.559 
41.0670 

2 95230 

1' 748. 166 
1: 314.218 

971.783 

i a 9 7  
8,526.81 
8,466.69 
8.386. OR 
8.315.39 
8. 243.67 

R.171.07 228.88 
169.97 
123.78 
88.350 
61.716 

791.08 
662.20 
392 23 
268.452 
180.102 

76.158 
47.933 
29.492 
17.7262 

i i a  386 

706.298 
601 172 
353.212 
242 696 
163.425 

R: obi. ik 
8,023.26 
7,947. 50 
7.870.38 

107.8.W 
69.5756 

-43.6261 
27.1061 la a374 

6,517,284 
6,076,944 
5,659,286 
5.263.463 
4,868,653 

4,634,061 
4,198,915 
3,882,468 
3,583,967 
3,302,773 

7.791.58 
7,711.05 
7.628.05 
7.542.86 
7.454.81 

7,363.58 
7,259.07 
7,171.20 

6,965.04 

6,856.53 
6.744.08 
6,627.91 
6,607.43 
6,382. 76 

7: 069.93 

4 2  228 
28.225 

11.768 
ia 441 

1.3233 

4.4467 
2 6326 
1.5180 
.86246 
. 4 W 1  

21,013 
20,218 
19,446 

18,697 
17,970 
17,265 
16,580 
15.914 

14,639 
14, OZi 
13,433 
1% 8M 

in, 267 

9.6136 . 
5.5187 
3.08754 
1.68188 
.89056 

.45677 

.225414 

.lo5284 

.044518 

.014516 

4 

4.0949 
2.4312 
1.40558 
.79140 
.43379 

10.4029 
5.9562 
3.3236 
1.80664 
.96319 

23.3408 
12.9379 
6.9817 
3.65812 
1.85248 

.E9929 

.41211 

.17276 

.01m 

. 06im 

.23136 

.08077 

.m 

.01451 

. imi2 
50 
51 
52 
53 
54 

\ 3,038,139 
2.789.41 9 
2,555,066 
2,337,152 
5132.365 

,24783 
.I2821 

- .w53 
.Q3157 
.01502 

.48718 

.23935 

.11113 

.04660 
. .01502 

N.=D,+D.+r+. . S==N=+N,+i+. . . 



74 

R z  

432,318.5 
420,231.89 
411,786.84 
403.729.38 
39&857.60 

388,117.28 
380,477.30 
372,921.11 
365,434.07 
358,005.49 

UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 
TABLE 3 0 . - u N I T E D  S T A T E S  WHITE FEMALES: 1939-1941-COMMUTATlON C O L U M N S  AT 4 P E R C E N T  I N T E R E S T  

I 

. .  

I 
- 
5! 
5( 
5; 
5! 
5I 

8( 
61 
6: 
tX 
64 

15 
16 
17 
18 
19 

360.628.90 
343.288.25 
336,010.47 
38,763.91 
321,556.79 

314.395.83 
307,278.40 
300,208.58 
283,19257 
2&230.37 

279,324.65 

265,689.73 
256,963.29 
262,296.52 

272,477.35 
m 
21 
22 
23 
24 

6! 
6f 
6i a 
6E 

7C 
71 
72 
73 
74 

75 
7G 
77 
78 
7c 

26 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

46 
46 
47 
48 
49 

* m  
51 
52 
53 
54 - 

213.5m.59 
201,367.78 
MI. 179.45 
195,061.55 
189,003.88 

D. 

100, m 
82.511 

81,575 

78.337 
75, 240 
72,277 
69.439 
BB, 716 
64, lo4 
61,596 
59,186 
58. BBB 
54,638 

a491 
' 60,424 
48.433 
46,515 
44,670 

42,893 
41.184 
38.538 
37,956 
36# 434 

34,971 
33565 

30.914 
29. 665 

28, 464 n,xw 
28,198 
25,130 
24,103 

23,114 

m, 369 
19,521 

18, 705 
17.920 
17,163 
16,433 
Is, 730 
15,052 
14.397 
13,765 

-- 

2% 

32: 214 

2z 

13,156 
12,587 

11,998 
11.449 
IO, 918 
lo, 405 
9, QO& 4 

86 
80 
87 
88 
80 

N, 

2, 285,754 
2, 165,754 
2,093,243 
2, Mw, 674 
1,919,699 

11.Mj.25 
177,07L86 
171.198.12 
165.366.70 
159,638.36 

1,838,124 
1,759,787 
1,684,547 
1,612,270 
1.542, 831 

1,476,l I5 
1,412,Ol I 
1,350,415 
1,291,229 
1,234,361 

90 
91 
92 
83 
94 

1,179,723 
1.127.232 
1,076,808 
1,028,375 

Bs1,860 

126,634.14 
121,28249 
l16,oSe.56 
110.84860 
105,911.12 

100.956.41 
96.086.97 
91.305.48- 
86.614.40 
82,016.64 

937,190 
894,297 
853,113 
813,575 
775,619 

100 
101 
102 
103 
104 

105 
106 
107 
108 
108 

739,185 
704,214 
670,649 
638,435 
607,521 

577,856 

495,885 
470,755 

.446,652 
423,638 

380,125 

w9,392 
62Zs 083 

401,374 

359,756 

340,235 

zes, 447 
321,530 
303,610 

270,0!4 

264,284 
239,232 
224,835 . 211,070 
197,914 . 
185; 347 
173,349 
161,800 
150,982 
140,577.0 

5. 

48,169,353 
46, go3,59Q 
43,717,845 
41.824,802 
38, 619.928 

37,700,228 
36,862, 108 
34,102,318 
32,417,771 
30,805,501 

29,262,670. 

I, 024,129 

27,788,555 
28,374.544 

23,732,800 

22,408,539 
21,318,816 m, 191, mu 
19,114,776 
la, m, 401 
17,104, 541 
16,167,351 
15.273.054 
14.419,941 
13,606,366 

12,830,747 
12,091,562 
11,387,348 
IO, 716,699 
10,076,264 

9,470,743 
8, soa, 887 
8,343,495 
7,821,412 
7,326,527 

4,843,327 

:%$E 
3,877.952 
3,591,605 

3,321,491 

2,803.140 
2,392,070 

3,087,207 
2. m, 975 

2,194,156 

1,522.57a 3 

?!!$Z 
1,673,660 

- - 
C. 

3,643.3 

100. 28 

- 
383.m 
187.58 
131.64 

83.773 
69.153 
68.455 
51.991 
45.838 

42.872 
41.221 
41.440 
42 156 
45.532 

a566 
51.851 
54.793 
58. 482 
56.418 

59.681 
61.183 
61.670 
62 029 
61.619 

60.956 
60.693 
60.359 
60.282 
60. I22  

60.478 
60.432 
60.301 
60.881 
61.327 

61.648 
62.323 
63.080 
63.803 
64.986 

67.786 
69.253 
71.219 
73.444 

75.722 
78.033 
80.359 
82 829. 
85.272 

87.945 
90.417 
93.319 
96.105 
9D. 117 

c. 092 

M. 

12,068.5 
8, 443.16 
8,059.46 
7,871.88 
7,740.24 

7,638.96 
7,556.19 
7,487.04 
7.428.68 
7,376.59 

7.330.65 
7,287.78 
7,246.56 
7.205, 12 
7,162.86 

7,117.43 
7,068.84 
7.016.99 
6,862.20 
4 905.72 
6, 847.30 
6,707.62 
6,726.44 
6,664.77 
6.6p2.74 

6,541.22 
6.480.26 
6.419.57 
6,359.21 
6, 288.93 

6,238.81 
6. 178.33 
6,117.90 
6, 057.59 
5,996.71 

5. 935.39 
5,873.74 
5,811.42 
5,748. 34 
5,884.43 

5.619.45 
6.553.35 
5,485.57 
5,416.32 
5,345. 10 

5,271.65 
5,195.93 
5,117. 90 
5,037.54 
4,954.71 

4,869.44 
4,781.49 
4,691.08 
4,597. 76 
4,501.65 

D. 

A 428.2 
1,863.4 
1, 513.1 
I ,  076.8 ', 653.9 
', 243. G 
I, 845.6 
i, 459.4 
i, 084.6 
720. 9 

PI 367.8 
I, 024. 9 
1,691.9 
I, 368.3 
I, 053.7 

I, 748.0 
I, 451.4 
I, 163.6 
!, 885. 3 
!, 616.8 

!, 358.6 

,876.8 
,654.8 

!, 111.7 

,446.7 

,253.0 
,074.5 
911.45 
704.12 
632.58 

516.59 
415.77 
329.52 
256. BB 
196.97 

148.33 . 
109.63 
79.451 ' 
56.436 
39.234 

26.716 
17.771 
11.555 
7.3370 
4.5447 

2-7463 
1.6181 
. m 9  
.61891 
. w 1  

.I4941 

.076927 

.om34 

.018765 

. m 5  

NZ 

30,668.6 
21,240.4 
12,277.0 
03.763.9 
95,687. 1 

5s. 033.2 
Bo, 789. 6 
73,944.0 
R7.484. li 
li1,W.O 

55.670. 1 

15. 28K 4 
40,594. 5 
36.220. 2 

32, 172.5 
28.424.5 
24,973.1 
21,809.5 
IS, 924.2 

16,307.4 
13.948.8 
11,837. 1 
9,960.3 
8,305.5 

6,858.8 
5,605.8 
4,531.33 
3,619. &I 
2.855.76 

2,223.20 
1,706.61 
1,280.84 

961.32 
704.36 

607.39 
359.06 
249.431 
169. QSO 
113.544 

-___ 

501,311.3 

74.310 
47.594 
29.823 
IS. 2m 
10.9313 

6.3866 
3.6403 
2.02223 
1.09374 
.57483 

,29252 
.I43111 
,066184 
,027650 
.0088851 

S, 

,382,001.3 
,251.332.7 
,130,092.3 
,017,815.3 
914.051.4 

818,364.3 
730,331.1 
G49.541.5 
575,597.5 .w, 112.9 

446.712.9 
391.033.8 
340,722.5 
295,436. 1 
254,841. 6 

218,615.4 
186,442.9 

111,235.8 

133.045.3 1%. 018.4 

92.311.6 
76.001.2 
62,055.4 
50, 218.3 
40,258.0 

31.952. K w;s3;j , 

11,336.68 , 

19,487.89 
14,956.56 

8,480.92 
6,257.72 

3,260.27 
$651.11 

2, 298.95 

1,594.59 
1,087.20 
728.1~ 
478.707 
308.727 

195.183 

73.279 
43.4557 
25.1874 

im. 873 

i4.2661 
7.8695 
4.22915 
2.20692 
1.11318 

.53835 

.245830 . 102719 

.036535 

.008885: 

C, 

102. m 
105.54 
108.88 
112.31 
115.88 

119.37 
122.96 
26.34 
29.69 
33. Mi 

136.43 
139. 76 
143. 16 
l46..53 
149.7tl 

I52 52 
54.97 
56.86 
57.55 
57.51 . 

56.22 - 
53.68 
49.78 
44.52 
38.01 

30.36 
21.70 
12 27 
02.17 
91.643 

80.952 
70.256 
69.882 
60.111 * 
41.062 

33.001 
25.960 
19.959 
15.032 
11.m 

7.9172 
5.5325 
3.7734 
2.5102 
1.6236 

1. om 
.62736 
.37387 
.21664 
.1m 

.OM740 

.035434 

.018287 

.0081571 . 008545 

M. 

I, 402.53 
I, 300.33 
I, 194. 79 
I, 085.91 
I, 973.60 
1,857.72 ' 

I, 738.35 
I, 615. 39 
I. 488.05 
I, 359.36 

I, 226.30 
I, 089.87 
1, R50.09 
2,806.93 
!, 060. 40 

!, 510.64 
!, 358. 12 
!, 203. I5 
!, 046.49 
1,888.94 

,731.43 
,575.21 
,421.53 
,271.75 
, In. 23 
989. 22 
858.86 
737.16 
624.89 
522.725 

431.082 
350.130 
279.874 
219.992 
169.881 

128.819 
95.818 
69.858 
49.899 
34.867 

23.8576 
15.9404 
10.4079 
6. 6345 
4.1243 

2. .5M7 
i: i%7 
,85071 
.47684 - ,26020 

. 138162 
,071422 . w&3ii . Ol77OlZ . m w  

R* 

77,514.99 
73,112.46 
36,812.13 ' 
11,617.34 
lo, 531.43 

18,557.83 
52,700.11 
18,961.7(1 
45.346.37 
41,857.32 

38.497.91; 
35,271. lili 
32,181.7Y 
m, 231.70 
26.424.77 

13.764.37 
11,253.73 
18.895.61 
16,692.46 
14,645.97 

12,757.03 
11.025.60 
9.450.39 
8,028.86 
6,757.1 I 

5,629.88 
4,640.66 
3,781.80 
3,044.64 
2,419.748 

1,897.023 
1,465.941 
1,115.811 
835.937 
615.945 

446.064 
317.245 
221.427 
151.5fi9 
101.670 . 
60.8030 
42.9454 
27. w50 
16.5971 
9.9626 

5.183 
3.33764 
1.85957 
1.00886 . am2 

.271817 

.I33655 

.062233 

.0262446 

.ma5434 

. 
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1 

TABLE 31.-uNITED STATES WHITE FEMALES: 1939-1941-IMMEDIATE WHOLE LIFE ANNUITY. SINGLE AND ANNUAL NET PREMIUMS' 
AT 2 PERCENT INTEREST 

IPresenl value at ench age of a life annunity of one per annum. Rrst payment to be made a t  the end of 1 year; present value of a whole life nssurance of one unit. and the 
annual payment of an equivalent whole life annuity-due] 

ACE IMMEDIATE 
LIFE ANNUIT' _I 

2 - I  a= 

I 

0 ....................................... 
I ................................ 
2 .................................... 
3 .......... ..........._)............. 
4 ................................... 

5 .......... -.-.I ....... .I .......... 
6 ............................... 
7 .................. .-. .................. 
8 ........................................ 
9.. ...................................... 

10 ....................................... 
11 ....................................... 

. 12 ....................................... 
13 ....................................... 
I4 ...................................... 

15 ....................................... 
16 ....................................... 
17 ....................................... 
18.. ..................................... 
19.. ..................................... 

20 ...................................... 
21 ................................... 
22 ..................................... 
23: ............................... 
24.-. ................................... 

25 .................................... 
26 ................................. 

28. .................................... 
29 ................................... 

30 ................................... 
31 .............................. 
d L  .................................. 
:'3 ........................... 
34 .................................. 

35 .................................... 
36 ...................................... 
37 ...................................... 
38 ........................................ 
39 .................................... 

40 ...................................... 
41.. .................................. 
42 .................................... 
43 .................................... 
44 ................................... 

45 ............................ 
4ti .............................. 
47 ...................................... 
48 ...................................... 
49.. ..................................... 

&I.-. .................................... 
51 .............................. 1 ........ 
52.. ..................................... 
53 ....................................... 
54 ............. I ......................... 

n ................................... 

.. 

* . 

35.0867 
36 . 1659 
36.04Y2 

35.6276 

35.38% 
35.1342 
34.8712 

34.3180 

34.0% 
33.7346 
33.4331 
33.1264 
32.8152 

32 . 5006 
32.1822 
31 8610 
31.5366 
31.2083 

30.8754 
30.5386 
30.1976 
29 . 8517 
29.5005 

29.1438 
28 7805 
28.4115 
28.0363 
27.6552 

27.2678 
28.8749 
26 . 4756 
26 . 0695 
2 5 . W  

25.2409 
24.8171 
24.3876 
23.9526 
23.5119 

23.0651 
22.6132 
22.1564 
21.6952 

y5.8513 

3 4 . 5 ~ 7  

21.2293 

20.7591 
20.2861 
19. 8091 
19.3285 
18.8452 

18.3586 
17.8697 
17.3777 
16.8844 
16.3880 

SINGLE 
PREMIUM 

A . 
0.2930 I . 27125 
. 27355 . n742 . m182 
. 9854 . 29148 . 29GG4 . 30199 
. 30748 

. 31314 . 31894 
-32484 . 33085 
. 33696 

. 34313 . 34936 

. 3.5566 . 36202 . 36847 

. 40895 . 41607 . 42331 

. 43066 . 43814 

. 44573 . 45344 . 46127 . 4ti922 

. 47723 

. 48547 . 49377 . 50219 . 51073 . 51938 

. 52813 . 53699 . 54594 . 55500 . 66414 

. 57334 . 58263 . 59199 . 80140 . 61089 

. 62042 

. 63001 . 63964 . 64932 . 65903 

ANNUAL 
PREMIUM 

P . 
n . m i 3  

. 110738 

. 00730 

. MI753 

. 00769 

. W787 

. m 7  . mn . IN848 .. 00871 

. m 9 4  . . 00818 

. 00943 . 00969 . 00886 

. 01053 . 01082 . 01113 . 01144 

. niou 

. 01577 

. 01679 . 01733 

. 01780 

. 01850 . 01913 . 01978 . 02047 . 02119 

. 02195 . 02274 . 02358 . 02445 . 02538 

. 02635 . 02737 . 02845 . 02958 . 03078 

. 03205 . 03339 

. 03481 . 03631 

. 03790 

.own 

A G E  

z 

55 ........................ ............. 
56 ................................... 
57 .................................. 
.58 ................................ 
5Y ............................. 

6n ................................... 
til ................................ 
R2 .......... * ....................... 
ti3 ..................................... 
&I ..................................... 

65 ...................................... 
66 ...................................... 
67 ...................................... 

fig ...................................... 

70 ...................................... 
71 ...................................... 
72 ...................................... 
73 ...................................... 
74 ...................................... 

tin ...................................... 

75 ...................................... 
76 ...................................... 
77 ...................................... 
78.-. ................................... 
79 ...................................... 

80 ............. % ........................ 
81 ...................................... 
82 ....................................... 
83 ...................................... 
84 ................................ ?-.--. 

85 ..... ~ ................................ 
86 ...................................... 
87 ...................................... 
88 ...................................... 
89 ...................................... 

90 .............. i ....................... 
01.. .................................... 
02 ...................................... 
93 ...................................... 
04 ...................................... 

95 ...................................... 
96 ...................................... 
07 _..... . _._._.________ ................. 
98.-. ................................ .. 
09.-. ................................... 

loo ..................................... 

IMMEDIATE 
.WE ANNUIT 
_.. . 

a= 

15.8926 
15.3962 
14.8981 
14.4011 
13.9043 

13.4096 
12 . Y15Y 
12.4252 
11.9366 
11.4514 

8.6542 
8.2170 
7.7920 
7.3796 
6.9801 

6.5954 
6.2248 
5.8692 
5.5285 

4.8908 
4.6939 
4.3114 
4.0437 
3.7808 

3.5528 
3.3293 
3 . iim 
2.9239 
2.7408 

2.5697 
2.4101 
2.2516 
2.1226 
1.88.15 

5 . ma 

1.8728 
1.7612 
1 . g566 
1.5588 
1.4682 

1.3828 

SINGLE 
-PREMIUM 

A . 
0.66876 . 67851 . tis828 . 69803 . 70776 

. 71748 . 72713 . 73677 . 74832 . 75584 

. 76529 . 77462 . 78389 . 79300 
f80194 

. 81073 . 81926 

I . 83572 . 84352 

. 85109 . 85833 . 86531 . 87198 . 87838 

. 88449 . 88032 . 89586 . b0109 . g0607 

. 91073 . 91512 . 91922 . 92308 

. 92661 

. 93001 . 93315 . 93604 . 93879 . 94129 

. 94368 . 94585 . 94792 . 84984 . 86163 

. anm 

. 95328 

ANNUAL 
PREMIUM 
~- 

P= 

0.03059 . 04138 
. 04329 . 04532 . 04749 

. 04979 . 05225 . 05488 . 05769 

. 06070 

. 06393 . 06740 . 07112 . 07511 . 07939 

. 0 m 9  

. 09413 . 09973 . 10570 . 

. 11205 . 115b0 . 12597 . 13357 . 14162 

. o w n  

. 15015 . 15916 . 16867 . 17868 . 18912 

. 20005 . 21138 . 22312 . 23525 . 24770 

. . 26053 . 27364 . 28699 . 30064 . 31434 

. 3149 . 34255 . 35681 . 37121 . 38556 

. 40005 

. 
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I 
TABLE 32.-uNITED STATES WHITE FEMALES: ‘1939-1941-IMMEDIATE WHOLE LIFE ANNUITY, SINGLE AND A N N U h L  KET P R E M I U M S  

AT 2% PERCENT INTEREST 

AQE’ 

--- 
2 

[Present value at ench age of8 IUe annuity of one per amurn flrst Payment to be made at the  end of 1 year. present value of a whole life ~ssu1ano8 of one unit, and t h e  
ann& payment of an equivalent whole life annuity’-due] 

IMMEDIATE 
LVE ANNUIT 

a. 

IYMEDIATS 
AGE II.IIE ANNUIT 

30.71s 
31.7m 
31.667! 
31.52lJf 
31.360E 

31.1860 
31.0019 
30.8061 
30.6034 
30.392i 

30.17X 
29.9601 

29.4804 
29.2469 

29.lm41 
28.7571 
28. w82 
28.2552 
27. ml 
27.7372 
27.4719 

26.9277 
26.6478 

26.3623 
26 0702 
25.7721 
25.4682 
25.1583 

24.8413 
24.5185 w. 1800 
23. R539 
23.5121 

23.1637 
22. BOB2 
22.4475 
22.oIU)l 
21.7006 

21.3204 
20.8401 
20.5482 
20.1507 
19.7483 

19.3406 

18.5115 

17.6645 

17.2348 
16.8017 
16.3042 
15.9235 
15.4801 

29. 72im 

27. 2022 

18.9287 

ia 0802 

BlNOLE 
PREYIVM 

A. 

0.22644 
.20181 
.ZONE 
, 2 0 1 2  
,21071 

.21488 

.21MQ 
,22423 
.22818 
.23432 

.23Qlw 

.25071 

.25w 

.26228 

.2682a 

.mZQ 
,28048 
.29272 

.29m 

.3051 

.31214 

.31ea4 

.32506 

.33263 .. 33975 

.34701 

.35443 

.36200 

.36972 

.37759 

.38562 

.38380 

.40214 

.41003 

.41930 

.42810 

.43707 

.44619 

.45546 

.40488 

.47443 

.lit412 

.48395 

.51395 

.52411 

.53438 

.E4476 

.2451a 

.2742n 

.50389 

.55524 
,56582 

. . 5 7 w  
.5@721 
,59804 

ANNUAL 
PREMIUM 

P. 

0.0071i 
. m 1 ;  
.00fi2: 
.0063( 
.(10651 

.wBB& . W68f . W70! 

.0072! 

.0074f 

. oM6f 

.0079: 

.MSlf 

.00841 

.CUM67 

. M894 

.(10921 . m 5 c  . (10978 

. 0 1 m  

.01041 

.01U73 

.01107 

.01142 

.01178 

.01216 
‘ .01255 

.01296 

.01339 

.01384 

.01689 

.01761 

.01826 

.01894 

.01905 

. o m  

.02118 

.02289 
:om1 
.ON77 
.02579 
.Om6 
.02799 
.02819 

. o m 5  

.03178 

.03470 

.03m 

.02m2 

. oxim 

15.033f 
14.6851 
14.135 
13.684: 
13.2321 

12. iso(l 
12.3279 
11.8708 
11.42ffi 
10.8772 

10.5. .  
10.0867 
9.6472 
9.2129 
8.7843 

8.3632 
7.8615 
7.5486 
7.1684 
6.7791 

6.4128 
6.0592 
5.7192 
5.3928 
5.0798 

4.7802 
4.4W2 
4.2217 
3.8630 
3.7181 

3.4873 
3.2704 
3.0668 
2.8760 
2.6979 

2.6308 
2.3751 
2.2298 
2.0939 
1.8685 

1.8491 
1.7398 
1.6371 
1.5411 
1.4520 

1.3881 

SINGLE 
PREMIUM 

A. 

0.608% 
.61981 
.6308t 
.641M 
.a287 
.60380 
.87493 
.rill595 
.Bgs92 
.70785 

.71876 
,72856 
.74030 . 7 m 4  
.76136 

.77159 

.78167 

.79148 

. A1027 

.82783 

.E3611 

.a4408 

. a171  

. w i a i  

.ai920 

. am1 . m99 

.a7205 

.I37896 

.88492 

,88057 
.a9586 
.o(KIl 

.Bo981 

.91388 

.91709 

.92122 
,92454 
.92757 

.93051 

.93318 
,93568 
.93803 
.94018 

.84m 

. rnw 

n. 03798 
,03877 . 
.mi68 
,04371 . w587 

.04818 

.(I5327 

.05910 

.OSOR( 

. n 5 m  

,11051 
.11727 
.I2444 
,13204 
.I4009 

.I4861 

.16i62 . . 16712 . 17710 - . in758 

,19841 
. 2 n m  
.22l.W 
.a361 
,24603 

,25883 
,27190 
.28522 
.29883 
,31248 

0 

ANUUAL 
PREMIUM -- 
P. 

,32650 
,34060 
.35481 
,36915 
. 3 w 4  

.39787 
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TABLE %.-UNITED STATER WHITE-  FEMALES: 193%1941-IMMEDIATE W H O L E  LIFE ANNUITY, S I N G L E  AND ANNUAL EET P R E M I U M S  

AT 3 PEBCENT INTEREST 
[Present value at each age of a life annuity of one per annum, flrst payment to be made at the end of 1 yew present vslue of a whole life assurance of-one unit, and the annual 

Payment of an equivalent whole life annuit+-duel 

AGE 

- 
2 

. . I IMMEDIATE 
AOE LIFE ANNUII 

IMMEDIATE 
LIPE ANNIJII -- 

a. r I a. 

27. 181, 
28. rn 
27.9731 
27.858. 

27.7321 
27.5951 
27.450( 
27.m 
27.139l 

26.973! 
26.801! 
26.625( 
26.443 
2 6 . W  

26. OliN 
25.8761 
25.6821 
25.4W 
25.2811 

25. M4f 
24.8641 
24.65oi 
24.m 
24.20% 

23.977( 
23.741( 
23.4w 
23.251f 
22.6981 

22.7376 
22.47z 
22.1882 
21.9204 
21.6348 

21.3426 

20. '1386 
20.4280 
20.1093 

19.7848 
19.4536 
19.1161 
18.7725 
18.4231 

a. om 

21. om 

SINOLE 
PREMIUM 

A. 

0.17911 
.1524' 
.I5331 
.1561' 
.1594d 

.le311 

.1671: 

.1713' 

.1757( 

.1804: 

.1852! 

.I8024 

.19W 

.mi .mE 

.211@ 

.21711 

.2mE 

.ma 

.23453 

.UoM 

.2486! 

.2528(1 

.2592€ 

.WZ 

.27252 

.27938 

.m3 

.29364 

.30103 

.30860 

.31635 

.32428 

.33242 

.34073 

.34923 

.35793 

.36681 

.37589 

.38516 

.38462 

.40427 

.41409 

.42410 

.43427 

.44461 

. 4 5 m  

.46574 

.47653 

.48746 

.49855 

.5MJ76 

.52114 

.53261 

.a422 

ANNUAL 
PREMIUM 

P. 

0. 00838 
.00524 
.00m 
.00m 
.MI552 

.00568 

.00w 

.o0802 

.w621 

.OM41 

. m 2  .m 

.00707 

.OM31 

.OM56 

.ma2 

.o0808 

.om35 

.00863 

.00892 

.008u 

.m54 

.ooQ86 

.01055 

. OlOBl  

.01129 

.01168 

.01211 

.01254 

.013W 

.01348 

.01388 

.01450 

.01m 

.01563 

.01624 

.01687 

.01754 

.01825 

-- 

. oiom 

. 0 1 m  

. 0 1 m  

.02058 

.02145 

. o m 6  

. m 2  

.w .om 

.02661 

.m 

.028M 

.0307.9 

.031M 

.03319 

.03478 

14.247d 
13.841J 
13.4331 
13. OZU 
12 010( 

12.1w 
11.781( 
11.W 
10.9501 la 534t 

10.11w 
9. 70& 
9.2951 
a mn 
a. 48s  

a 0891 
7.7001 
7.3191 
6.6484 
6.587f 

6 . m  

5.5757 
5.2626 
4.8622 

4.6741 
4.3983 
4.1353 
'3.8850 
3. a80 
3.424a 
3.2134 
3.0154 
2.8297 
2 6561 

2 4931 
23408 
2.1989 
2.0658 
1.8430 

1.8261 
1.7188 
1.6179 
1.5236 
1.4361 

1.3537 

5. wia 

SINGLE 
PREMIUY 

A. 

0.5658: 
.56771 
.57901 
.5915; . W M  

.I31561 

.6277( 

.838&( 

.e5191 .w 
,67611 
.m17 
.70013 
.71201 
.7237!i 

.73m 

. 7 4 w  

.75768 

. 7 w 9  

. 7 m  

.78817 

.78888 

.80Bl? 

.81759 

.I32631 

.W76 

.84270 

.8504tl 
,85771 
.86463 

.87114 

.877!?J3 

.883(M 

.88847 

.89351 

,88827 
.wn68 
.go882 
.91071 
.91428 

.917& . 9zoBl 

.82(74 

.92650 

. 9 m  

,93144 

ANNUAL 
PBEMIUM 

P. 

0.03646 
.03825 
.m016 
.M218 

'.04434 

.04865 

.04911 

.05174 

.05455 

.ob757 

.06081 

.0m23 

.0w01 

.07201 

.07w 

.10802' 

.I1578 

.12295 

.I3055 - 

.13860 

.I4712 

.15612 

.16561 

.I7558 

. 1 m 2  

.I9691 

.ax21 

.21882 

.BIN 

.24439 

.25715 

. nom 

.28348 

.29705 

.31066 

.32473 

.3386Q 

.35231 

.36714 

.38137 

.39574 

I 

1 

. 

740005 0 - 41 - 6 
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TABLE &$.-UNITED STATES W H I T E  FEMALES: 193%1941-IMMEDIATE W H O L E  LIFE ANNUITY, S I N G L E  AND ANNUAL NET P R E M I U M S  
AT 3% PERCENT INTEREST 

[Prasent value at each age of a life annuity of one per annum, first payment to be made at  the end of 1 year' present ralue of a whole life assurance of one unit, and the annual 
payment of an equivalent whole life annuitgldue] - 

-ANNUAL 
PREMIUM 

P. 

I 

ANNUAL 
PREMIUM 

SINaIB 
PREMIUM AGE IMMEDIATE 

IUS% ANNUITY 
SINGLE 

PREMIUM 
IMMEDIATE 

LIFE ANNUITI AOE 

2 I P. A.  A.  

0.14533 
, 11686 

' .I1725 
.11841 
.I2217 

.I2533 

.12875 

.I3243 

.13634 

.14044 

.14474 

.14922 

. I6385 

.I5962 

.le363 

.16853 

.17363 

.17883 

.I8413 

.18856 

.19m 

.m77 

. 2 W 7  

.21252 

.21883 

.22492 
l23140 .m 
.244Qz 
.25188 

,25824 
.26888 
.27436 
.28m 
. 2 W 3  

24.2738 
25.1128 
25.1042 
25.0404 
24.8584 

24.8650 
24.7640 
24.8554 
24.5388 
24. 4183 

24.2913 
24.1500 w. on0 
23.8806 
23.7357 

23.5870 
23.4369 
23.2830 
23.1265 
22.9860 

22. 80M 
22.6345 
23.4628 
22.2872 
22:lMll 

21: 9204 
21 7287 
21 5318 
21.3284 
21.1188 

20. m1' 
20.6851 
20.4586 
20.2252 
18. 8858 

18.7405 
18.4878 
19.2280 
-18.9640 
18.6817 

18.4136 
18.1279 
17.8371 
17.6384 
17.2347 

16.8251 
16.8088 
16. m1 
15.9610 
15.6280 

15.2913 
14.8473 
14.5QQ5 
14.2451 
13.8867 

0.00575 
.ow48 
. w 9  
.00459 
.ow71 

.OM85 

.00m 

.00516 

.mi34 

.00553 

.00572 

.00593 

.00615 

.We38 

.Ooee1 

.00685 

.00711 

.00736 

.00763 

.00791 

.00820 

.00849 

.00880 

.00913 

.00946 

.00981 
01018 

.01057 

.01097 

.01139 

.01183 

. o m 0  

.01279 

.01330 

.01w 

.01440 

.01499 

.01562 

.Ole27 

.Ole97 

.01769 

.01846 

.02012 

.02102 

. o m  

13.5240 . 13.1576 
12.7870 
12.4118 
12.0355 

0.50883 . a127 
.53381 
.Me41 
.55Q18 

.a483 

.5Q789 

.61080 

.e2395 

.63701 

. m 5  

.863MI 

.e7588 

.lux378 

.70141 

.71W 

.72m 

.73m 

.74857 

. 7 m 4  

.77174 

. 78227 

.m1 

.80218 

.E1157 

.a2080 

.82Q16 

.a3739 

.E4512 

.E5298 

.85938 

.88589 .am 

.a7772 

.a311 

.88816 

.a8284 

.a9724 

.80131 

.80518 

.KIN75 

.91210 

. 9 1 m  

.91814 

.82089 

.5720z 

0.03m 
.03883 . w872 
. M 7 4  
.04280 , 

11.8558 
11.2743 
10.8809 
10. m2 

8. 7344 

io. 1205 

9.3486 
8. 8M1 
8.5818 
8.2032 

7.8288 
7.4618 
7.1013 
6.7488 
6.4056 

6.0725 
5.7500 
5.4385 
5.1383 
4.84% 

.Io758 

.11433 

.12160 

.12809 

.13714 

4.5718 
4.3083 
4.0518 
3.8100 
3.5802 

.14565 

.1MM 

.I6413 
,174OQ 
.la452 

3.3028 
3.1582 
2.8656 
2.7847 
2.6154 

.19538 

.20&37 

. 2 1 m  

.2m0 

.24277 

.25551 

.28852 

.28528 

.WE05 ' 

.32288 

.3367Q 

.35091 

.36514 

.37831 

. mi76 

,39384 
.40451 
.41536 

,43767 

.44811 
,48069 
.47251 
. 4 w  
.48656 

.02197 

.02297 

.02403 

.02514 

.'WE32 

.02757 

.02889 

.03029 

.03178 

.03336 

1.3395 
* ,39383 
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TABLE 35.-uNITED STATES WHITE FEMALES: 1939-1941-IMMEDIATE WHOLE LIFE ANNUITY, SINGLE AND ANNUAL NET 

PREMIUMS AT 4 PERCENT INTF~BEST 
[Present value at each age of a life annuity of one per annum flrst payment to  be made at the end of 1 year' present value of a whole life assurance of one unit, and the 

ann& payment of an equivalent whole life annuity'-due] 

ANNUAL 
PREMIUM 

ANNUAL 
PREMIUM 

IMMEDIATE 
LIFE ANNUIT AGE 

r 

BINGLE 
PREMIUM 

A, 

IMMEDIATE 
LIFE ANNUIT 

EINGLE 
PREMIUM AGE 

P, I A.  

0. 12081 
,0912 . O9lM 
.0926~ 
.09481 

.0975: 

.1004: . 10351 

.lo691 

.1105; 

. 1143t 
,1183: 
,12244 
,1267[ 
.1311( 

-. 13556 
.14018 
.1448E 
.14966 
.15458 

,15964 
.16481 
,17013 
,17559 
,18122 

.I8705 . 19307 

.l99zB 
,20571 
,21234 

,21918 
,22624 
,23353 
.24105 
,24880 

,25679 
.26501 
.27349 
,28221 
,29120 

0.0052 
,0038 
.0038 
,0039 
,0040 

.00411 
,0042' 
,0044, 
.0046 
,00471 

.0049' 

.0051l 

.0053: 

.005% 

. OOW 

,0060: . 0062; 
,0065: 
,0067; 
.00701 

,00731 
.00755 
.0078E 
.00815 
,00851 

,00881 
.00921 . 00957 . 0099E 
.0103i 

12.8591 
12. 526: 
12.188i 
11.847i 
11.5017 

11.1532 
10.8017 
10.4475 
10.0910 
9.7326 

9.3728 
9.0124 
8.6520 
8.2930 
7.9366 

7. 5839 
7.2356 
6.8939 
6.5588 
6.2318 

5.9140 
5.6055 
5.3071 
5.0190 
4.7410 

4": ;E! 
3.9716 
3.7373 
3.5146 

3.3036 
3.1047 
2.9173 
2.7411 
2.5760 

2.4207 
2.2752 
2.1394 
2.0119 
1.8940 

1.7815 
1.6782 
1.5810 
1.4899 
1.4053 

1.3255 

0.4669 
,4797 
,4927, 
,50581 
.51911 

.5325 
,54611 
.5597. 
.5734: 
.58721 

.6010! 
,61491 
.6287( 
,6425; 
.6562( 

.6688t 

.I38324 
,69641 
.7092$ 
,7218; 

.73409 

.74594 
,75742 
,76852 
,77917 

.78948 

.79931 
,80878 
,81779 
,82636 

.a3448 
,84212 
,84934 
.a5613 
.a6247 

,86846 
,87401 
,87926 
,88417 
,88869 

,89301 
,89699 
.goo73 
,90425 
,80750 

.91057 

22.4043 
22.3890 
22.3068 
22.2185 
22.1254 

22.0289 
21.9237 
21.8165 
21.7057 
21.5916 

,04382 
.04627 
.04889 
.05170 
.05471 

.05794 

.06142 
,06514 
.06915 
.07344 

,07804 
.08296 ' 

,08822, 
.09383 
.09982 

20.1371 
19.9806 
19.8186 
19.6520 
19,4794 

. 14423 . 15321 

. 16268 . 17263 
,18304 

,19390 
,20516 
.21682 
,22684 
,24118 

.25389 
,26688 
.28007 
,29356 
,30708 

,32106 
.33492 
.34898 
,38317 
,37728 

.39155 

18.3239 
18.1093 
17.8891 
17.6619 
17.4292 

,01329 
.01387 

.30043 
,30980 
,31962 
,32960 
.33980 

,35023 
,36000 
.37181 
.38291 
.39426 

,40585 
,41763 
,42966 
,44188 
.45433 

.01652 
,01727 
,01807 
,01891 
.01980 

.Om73 

.02172 
,02276 
.02387 
. O m 3  

,02627 
,02758 
.OB98 
,03045 
,03202 

14.4482 
14.1410 
13.8287 
13.5105 
la. 1877 

TABLE 36.-uNITED STATES TOTAL WHITES: 18939-1941. 
MAKEHAM CONSTANTS , 

Common 
logarithm CONSTANT 

+0.03841870 

+4.88075057 
-2.87408 
-4.01448 

-. 000474834 -. 000461004 

. I  
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DIFFERENCE Addition to DIFFERENCE Addition $0 DIFFERENCE Addition to DIFFERENCE Addition to DIFFERENCE 'Addition to 
OF AGE younger age OF AGE younger age OF A a E  younger age OF AGE younger age OF AQE younger age 

1 _ _ - _  ~ - ---- - 0.511 16 _ _ _ _ _ _ _ _ _  10.632 31 _ _ _ _  ~ _ _ _ _  23.870 46. _ _ _ _ _ _ _ _  38.356 56 _ _ _ _ _ _  _ _ _  48.244 
2.....--...- 1.044 17 _ _ _ _ _ _ _ _ _  11.433 32 _ _ _ _ _ _ _ _ _  24.812 47 _ _ _ _ _ _ _ _ _  39.340 57 .... _ _ _ _ _  49.237 
3..---.-..-- 1.599 18 _ _ _ _ _ _ _ _ _  12.258 33 _ _ _ - _ - _  _ -  25.759 48 _ - _ _ _ _ - _ -  40.325 58 _ _ _ _ _ _ _ _ _  50.231 

. 4  _ _ _ _ _ _ _ _ - - -  2.176 19 _ _ _ _ _ _ _ _ _  13.095 34 _ _ _ _ _ _ _ _  ~ 26.710 49 _ _ _ _ _ _ _ _ _  41.312 59 _ _ _ _ _ _ _ _ _  51.225 
5..--.-..--- 2.774 20 _-------- 13.944 35. _ _ _ _ _ _ _ _  27.664 GO _ _ _ _ _  _ _ _ _  42.299 64 _ _ _ _ _ _ _ _ _  52.220 

6. - - - - - 3.393 21 -___-_- - -  14.803 36 _ _ _ _ _ _ _ _  -- 28.623 51 _ _ _ _ _ _ _ _ _  43.288 61 _ _ _ _ _ _ _ _  ~ . 53.216.. 
7.-.-...-..- 4.033 22 _ _ _ _ - - - - -  15.674 37 _ _ _ _ _ _ _ _ _  29.585 52 ---...-.- 44.277 62 _ _ _ _ _ _ _ _ _  54.211 
8 _ _ _ _ _ _ - - - -  - 4.693 23 __- - - - - - -  16.553 38 _ _ _ _  ~ _ _ _ _  30.550 53 _ _ _ _ _ _  _ _ -  45 208 63 .---..... 55.207 
9...-----... 5.373 24 _ _ - _ - _ _ - _  17.442 39 --....... 31.518 54 .... _ _ _ _ _  46.259 64 ....-..-. 56.204 
lo..--.-.--. 6.071 ,25 _ _ _ _ _  _ _ _ _  18.339 40 ___----_. 32.488 55 .... _ _ _ _ _  . 47.251 65 _ _ _ _ _ _ _ _ _  57.200 

11 ....-....- 6.788 26 _.._____- 19.245 41 -... -_- - -  33.461 
12 ......-.-- 7.523 27 _-- - - - - - -  20.157 42 _ _ _ _ _ _ _ _ _  34.436 
13---------- 8.274 28 _ _ _ - _ - - _ -  21.076 48 _ _ _ _ _  _ _ _ _  35.414 
14.-.-..---. 9.041 29 _ _ _ _ _ _ _ _ _  22.002 44 _- - - - - - - -  36.393 

~ -- - 

15 ..--...-.- 9.824 30 _ _ _ _ _ _ _ _ _  a22.933 45.. __-- - - -  37.374 

UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 

DIFFERENCE Addition to' 
O F  AGE younger age 

66. _ _ _ _ _ _ _ _  b. ' l97 
67. _ _ _ _ _ _ _ _  ' 59.195 
68 _ _ _ _ _ _ _  _ _  60.192 
69 _ _ _ _ _ _ _ _ _  61.190 
70 _ _ _ _ _ _ _ _ _  62.187 

71-- _ _ _  _ _ _ _  63.186 
72 _ _ _ _ _ _ _ _ _  04.184 
73 _ - - _ _ _ _ - -  65.182 
74 _____.___ 66.181 
75 _ _ _ _ _ _ _ _ _  67.179 

-- 

9.20886 
.00769 
.00282 
.00194 
.IN154 

TABLE %.-UNITED STATES TOTAL WHITEB: 1939-1941, MAKEHAMIZED-ELEMENTARY FrALFES 

55 _ _ _ _ _ _  _ _ _  783,OIB 
5R.--; ____. 772,037 
57 ______.__ 760,244 
58 _ _ _ _ _  _ _ _ _  747,639 
59 _ _ _ _ _ _ _ _ _  734,179 

O F  1,000,000 BORN ALIVE 

.00131 

.00117 
,00105 
,00085 
.WE9 

.OW85 

.00088 

.00098 
,00106 
.00116 

Number 
surviving to I each age 

60 _ _ _ _ _ _  _ _ _  719,821 
61---- _ _ _ _ _  704,525 
62 _ _ _ _ _ _ _ _ _  888,254 
63 _ _ _ _ _ _ _ _ _  670,972 
84-. ----,-- 652,652 

65 _ _ _ _ _ _  _ _ _  633,270 
66 ________. 612,814 
67 _ _ _ _ _ _ _ _ _  591,278 
68 ___.____ ~ 568,670 
09 _ _ _ _ _ _ _ _ _  545,011 

1, OM), OW 
956.852 
952,450 
950,138 
948,469 

647,'129 
945 953 

943,967 
943,098 

942,276 
841 473 
940: 595 
939 837 

937,484 
936,242 
934 920 

932,055 

930 561 
929: 023 
927,436 
925 796 

944: 809 

93s: 594 

933: 509 

924: 099 

922, 338 
920 510 
91s: me 

912,375 
910,099 

go2,637 

899,736 
896.774 
893,837 
880,309 
886,775 

883,017 
879,015 
874,751 
870 200 
865: 341 

860 148 

848,651 
842.288 
835,473 

828,171 
820,348 
811, m e  
802,985 
793,365 

916,621 
914,546 

807 707 
695: 190 

854: 594 

.MI25 
,00135 
.bo150 
,00154 
.00158 

.00163 

.Kilo8 

.00174 
,00180 
,00187 

Number 
ying in each 
year of age 

d s  

70 ... _ _ _ _ _ _  520,339 
71 _ _ _ _ _ _ _ _  ~ 494,708 
72 _ _ _ _ _ _ _ _ _  468,193 
73 _ _ _ _ _ _ _ _ _  440,891 
74 _ _ _ _ _ _ _ _ _  412,921 

7h--.. _ _ _ _ _  384,425 
76 _ _ _ _ _ _ _ _ _  355,571 
77.-.. _ _ _ _ _  326,551 
78 ________. '297.576 
79 _ _ _ _ _ _ _ _ _  268,877 

43,148 
4,402 
2,312 
1,668 
1,340 

1,176 
1,044 

942 
869 
822 

803 
.E78 
958 

1,043 
1,130 

1,222 
1,318 

1: 495 

1,417 
1 454 

1,538 
1,587 
1 e40 
1: 697 
1,761 

1,804 

2.075 
2,171 

2, 276 
2,392 
2,517 
2,653 
2,801 

2,962 
3,137 
3,328 
3,534 
3,758 

4,002 
4,284 

4,869 

1,823 

1,985 

4,551 

5,193 

5 554 

6,363 
6,815 
7,302 

5: 943 

.00244 

.00256 

.00270 
,00285 
.00302 

.00320 

.00340 

.00361 

.00385 

.00411 

.00439 

.00470 . 00503 

.MI540 

.00580 

7,823 
8,382 
8,981 
9,620 

10,302 

85.... _ _ _ _ _  116,497 
86--. .  ____. 96,583.0 
87-. _ _ _ _ _  _ _  78 704.2 
88-........ 6 i938 .2  
89 ... _ _ _ _ _ _  49,305.3 . 
Bo-........ 37,766.8 
91 _ _ _ _ _ _ _ _ _  28,226.6 
92 20,537.9 
93 _ _ _ _ _ _ _ _ _  14,511.8 
94- _ _ _ _ _ _  9,930.65 

95- - - _ _ _ _ _ _  6,562.05 
96- - - _ _ _  __. 4,173.51 
97- - --: _ _  _ _  2,545.81 
98 _ _ _ _  _ _ _ _ _  1,483.68 
99- _______. 822. 832 

ROBABILITY 
3F BURVIV- 
NO 1 YEAR 

AT EACB 
AGE 

-- 
P* 

,00624 
.Ob672 
.00724 
.00782 
.00844 

0.95685 
.99540 
.99757 
.99824 
,99859 

.99876 ,. 99890 

.99900 

.99808 

.99913 

.99915 

.99807 
,99898 
.MI889 
.99880 

,99870 
.99859 
.99848 
.99844 
.99840 

.99835 

.99829 

.99823 

.64817 . 99809 

,99602 
,99793 
.IN784 
.99774 
.69763 

,99751 
.99737 
,69723 
.99707 
,99680 

.99671 

.99650 

.996% 

.99603 

.69570 

,99547 
,99515 
.go480 
,99442 . 99400 

.60354 

.99305 

.99250 

.EN191 

.9912€ 

.9wa 

.98978 

.98894 

.98801 

.CIS701 

100- _ _ _ _ _ _ _  431.941 
101 _ _ _ _ _ _ _ _  213.701 
102.. _ _ _ _ _ _  99.0754 
103- - _ _  _ _ _ _  42.7848 
104- - _ _ _ _ _ _  17.0972 

RORABII.ITY 
O F  DYING 

' I N  EACH 
YEAR O F  

AGE 

-- 
O B  

0.04315 
.00460 
.00243 
.00176 
.00141 

.W124 . 00110 

.00100 

.00092 

.WOE7 

.00085 

.00093 
,00102 
.00111 
. 00120 

.00130 . (n141 
,00152 
.00156 . 00lBo 

.00165 
,00171 
.00177 
.00183 
.00191 

.00195 

.00207 . 00216 

.w220 . 00237 

.00249 

.00263 

.00277 

.00293 

.IN310 

.00329 .oom 

.00372 

.00397 

.00424 

,00453 . (0485 
.00520 
,00558 
. 0 0 ~  

,00646 

.00750 

.00809 

.WE74 

.00945 

.01022 

.01106 

. o m 8  

.01299 

. 00695 

II I OF 1,000,000 BORN ALIVE 
FORCE OF 

MORTALITY 
L T E A C H A Q E  1 1  A'E 1 Number 

survlvingto 
each age 

Number 
ying in cad  
year of age 

d ,  

11,026 
11.793 
12,605 
13,460 
14,358 

15,296 
16,271 
17,282 
18,320 
19,382 

20,456 
21,536 
n, 608 
23,659 
24,072 

25,631 
26,515 
27,302 
27,970 
28,496 

28, 854 
29, 020 
28,975 
28.664 
28,175 

---- 

27,397 
26,301 
25,074 
23,552 
21,821 

10 914 n 

11,638.5 

17: k78: 8 
15 766.0 
13: 832.9 

9,540.2 
7, w. 7 

3,368. Bo 

2,388.54 
1,627.70 
1,062.13 

6.028. 1 
4,581.15 

681.048 
380.691 

218.240 
114. 6256 
66.2906 
26.6876 
10.8201: 

6.2770 

'ROBABILITY 
OF BURVIV- 
ING 1 YEAR 

AT EACH 
AGE, 

P Z  

0.88592 
,98472 
,96342 
.9820@ 
.98044 

,97875 
,97691 
.97489 
.97270 
,97030 

.96770 . 98486 
,96176 
,95840 
.95473 

.95074 

.94840 

.94169 

.93656 

.93099 

. ,92494 
.9183R 
.91127 
.80356 
,89521 

.e8018 

.E7642 
,86587 
,85450 . R4n4 

.82we 

.E1489 

.79968 
,78339 
.76698 

, .74739 
.'I2761 
,70G59 
,68432 
,66079 

.m13601 
,60999 
.58279 
,55445 
. 5 m 7  

.49475 

.46362 

.43184 

.39961 

.36714 

.00000 

'RORARII.ITY 
OF DYING 
I N  EACEI 
YEAR OF 

AQE 

0.01408 
,01528 
.01R58 
.01800 
.01956 

.02125 

.02309 

.02511 

.02730 

.OB70 

,03230 
.03514 
.03824 
.041& 
.04527 

,04926 
,053ffi 
,05831 
.Om44 
.06901 

,07506 . OR162 
,08813 . OW4 
.I0479 

.11382 

.12358 

.13413 

.14550 

.15776 

.I7094 

.la511 

. a 0 3 2  

.21661 

.23402 

.25261 
,27239 
.Xi341 
.3156@ 
.33921 

.36388 

.38001 

.41721 

.44555 

.47493 

.50525 

.53838 

.58810 

.60039 . e3%6 

1. 0OM)o 

FORCE OF 
MORTALITY 
T EACH AGE 

PI 

L. oi3e1 
,01477 
.01604 
,01742 . .01894 

.0m59 

.02239 

.a2437 

.02652 

.02888 

,03145 
,03426 
.03733 
,04069 
,04435 

,04836 
,05273 
,05751 
.Of3273 
.0m44 

,07467 
.08148 
.0m91 
,09704 

. .lo592 

. 1 i 5 ~ a  

.12621 

.13779 

.1a43 
,16425 

.27852 

.30418 - 
.33222 

.39631 

.36285 

.43237 

.47281 

.51844 

.58411 . e1619 

.673(r9 

.73525 . . R0315 

.a7734 

.95839 

1.04694 
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TABLE 39.-uNITED STATES TOTAL WHITES:  1934-1941, MAKEHAMIZED-~Y~~EDIATE LIFE ANNUITIES AT 2 P E R C E N T  INTEREST 

[Single and joint lives-Equal ages] 

AGE I O N E L I F E  

34.2889 
35.5518 
3 5 . m  
35.2271 
34.8848 

34.4842 
34.2127 
33.9318 
33.6423 

33.3451 
33.0410 
3 2  7333 
32.4220 
32 1072 

31.7888 
31.4689 
31.1414 
30.8125 
30.47'18 

30.1372 
29.7808 
29.4386 
29. OSOB 
28.7167 

28.3470 

27.5899 
27.2026 
26. ROBB 

26.4109 
20.0065 
25.5965 
25.1810 
24.7602 

23.9027 
23.4663 
23.0251 
22.5792 

22.1288 
21.0741 
21.2154 
20.7529 
20.2888 

19.8174 
19.3452 

34.7452 

n. m i 3  

24.3i40 

ia 8702 ia 3930 
17.9139 

17.4333 
10.9516 
10.4091 
15.9864 
15.5038 

TWO LIVES 

30.09s5 
32.5317 
32.4898 
32.3011 
32.'0631 

31.7970 
31.5136 
31.21Ml 
30.9028 
30.5790 

30.2450 
29.9028 
29.5576 
29.2103 
28. sm7 

z: 3; 
27.7991 
27.4412 
27.0775 

28.7078 
28.3322 
25.9508 
25.5837 
23.1708 

24.7724 
24.3883 
23.9588 
23.5439 
23.1239 

22.6988 
22.2687 
21.8339 
21.3946 
m.9510 

m. m m. 0518 
19.5966 
19.1383 
18.6768 

18.2130 
17.7468 
17.2788 
16.8090 
16.3383 

15.8669 

E: El 
14.4532 
13.9837 

13.5160 
13.0506 
12.5878 
12.1284 
11.6728 

TBREE LIVE 

a=== 

28.973: 
30.4051 
30.445: 
30.281: 
30.0% 

29.781f 
29,4901 
29.1803 
28.8531 
28.5116 

28.15W 
27.7941 
27.43w 
27.0643 
28.6977 

26.3303 
25. 8022 
25.5934 
25.2243 
24.8494 

24.4087 
24. OB22 
23.6902 
23.2928 
22.8896 

22.4814 
22.0679 
21.6495 
21.2263 
20.7985 

19.9288 
19.4895 
19.0456 
18.5984 

18.1481 
17.8951 
17.9397 
16.7824 
10.3230 

15.8635 
15.4028 
14.9417 
14.4808 

13.5618 
13.1045 
12.6493 
12.1969 
11.7478 

11.3025 
10.8610 
10.4254 
9.9948 
9.5700 

m. 3003 

14. om8 

POUB LIVES 

011.. 

24.4185 . 28.7128 
28.8320 
28.0959 
28.4764 

27.9182 
27.0027 
27.2673 
20.9153 

25.5495 
26.1730 
25.7963 
25.4197 
25.0435 

28. 2107 

- 24.6677 
24.2927 
23.9184 
23.5452 
23.1084 

22.7818 
22.3917 
21.9962 
21.5956 
21.1897 

20.3635 
19.9435 
19.5192 
19.0908 

m. 7791 

18.0587 
18. n30 
17.7841 
17.3424 
16.8982 

16.4518 
10.0036 
15.5541 
15.1037 
14.0529 

i4 .mm 
13.7510 
13.3021 
12.8643 
12.4083 

9.8047 
9.3877 

8.5732 
8.1765 

a 9770 

15.0219 

14.0821 
13.5851 
13.1109 

14. 5412 

'12. a 9 8  
12.1728 
11.7068 
11.2514 
10.7986 

10.3516 
9.9111 
9.4775 
9.0515 
8.6332 

7.8225 
7.4338 
7.0488 
0.0768 

0.3151 
5.9641 
5.8240 
5.2951 

. 8.2234 

4.9775, 

4.0713 
4.3707 
4.0937 
3.8224 
3.5628 

3.3147 
3.0781 
2.8529 
2.6389 
2 4359 

2.2437 
2.0621 
1.8908 
1.7294 
1.5778 

1.4355 
1.3021 
1.1775 
1. OBOB 
.9510 

.8486 
-7495 
.a489 
.m28 
.m 

TWO LIVES 

aaB 

11.2216 
10.7753 
10.3345 
9.8998 
9.4712 

9.0499 
8.6301 

7.8328 
7.4443 

7.0651 

a 3359 
5.9888 
5.6482 

5.3204 
5.0037 
4.0982 
4.4041 
4.1214 

3.8501 
3.5903 

3.1050 
2.8792 

2.6646 
2 4609 
2.2679 
2. ow 
1.9132 

1.7510 
1.5984 
1.4552 
1.3212 
1.1958 

1.0789 
.9701 
.8690 
.7753 
.6888 

.m 

.5358 

. 4 m  

.4074 

.3518 

.3014 

.2561 

.2153 

.I772 

.I321 

a m  

a 69% 

3. 3420 

THREE LIVE! 

a=.* 

9.1518 
8.7405 
8.3367 
7.9408 
7.5533 

7.1746 
6.8052 
6.4454 
6.0955 
5.7558 

5.4266 
5.1081 
4.8008 
4.5042 
4.2189 

3 9449 
3.6822 
3.4307 
3.1905 
2.9615 

2.7434 
2.5363 
2.3398 
2.1539 
1.9783 

1.8126 
1.6567 
1.5102 
1.3728 
1.2443 

1.1243 
1.0125 
,9085 
.8120 
.7228 

. ,6404 
,5648 
.4951 
.4318 
.3738 

.3214 
,2741 
.2317 
.1939 
.1W6 
,1313 
.lo59 
,0841 . 0656 
.0485 

FOUB LIVES 

a, 

7.7877 
7.4070 
7.0350 
0.0720 
0.3184 

5.9745 . 5.6408 
5.3173 
5. ow4 
4.7022 

4.4109 
4.1300 
3.8013 
3.6033 
3.3563 

2.1027 
1.9304 
1.7078 
1.0149 
1.4713 

1.3307 
1.2107 
1.0931 
.9@6 
.8818 

.7875 

. 7 m  

.6197 

.5457 
. .4779 

.4159 

.3596 

.3086 

.2m 

.2215 

: 1849 
.1520 
.1u4 . loo0 
.0791 

I .MI5 
.0409 
-0360 
-0254 
.0178 
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AGE 

I 

TABLE 40.-uNITED STATES TOTAL WHITES: 1939-1941, MAKEHAMIZED-IMMEDIATE LIFE ANNUITIES AT 2% PERCENT INT'EREST 

[Single and joint lives-Equal ages] 

ONE LIFE 

a. 

30.1153 
31.2602 
31.1897 
31.0473 
30.8795 

30.6962 
30.5028 
30.298g 
30. O W  
28.8680 

29.6424 
29.4094 

28.9328 
28.6588 

28.1806 
27.8360 
27.6779 
27.4141 

27.1446 
26.8692 
20.5881 
26.3011 
26. 0081 

25.7092 
25.4043 
25.0934 
24. 7764 
24. 4534 

24.1244 
23.7893 
23.4483 
23.1014 
22.7485 

22.3898 
22. O W  
21.6553 
21.2796 
20.8985 

20.5121 
20.1207 
19.7242 
19.3231 
18.8174 

18.5073 
18.0933 
17.6750 
17.2543 
16.8288 

16.4027 

15.5415 
15.1082 
14.6737 

20. 1728 

28.4415 

15. 9131 

TWO LIVE3 

a=, 

26.7270 
28. 0216 
28.9193 
28.7867 
28.61?3 

28. 4088 

. 27.7161 

28.1913 
27.9599 

27.4614 

27.19'11 
20.9246 
26.'6492 
26.3712 
26.0806 

24.3436 
24.0348 
23.72(11 
23.3993 
23.0724 

22.7397 
22.4008 
22.0561 
21.7055 
21.3492 

19.0967 
18.7036 
18.3061 
17. W3 
17.4984 

14.9970 
14.5724 
14.1466 

13.2935 
13.7202 

I'HBEE LIVE8 

0.n 

24.1211 
27.2220 
27.2912 
27.1781 
27.0049 

26. 7977 
26.5702 
26.3248 
28.0038 
25.78Q4 

25. EO33 
25.2078 
24.9105 
24.6114 
24.3109 

24.0088 
23.7056 

23.0954 
22.7837 

22.4660 
22.1422 
21.8124 
21.4768 
21.1352 

20.7878 
20.4348 
20.0762 
19.7121 
19.3427 

18.9681 
18.5880 
18.2043 
17.8155 
17.4224 

17.0253 
16.6244 
18.2201 
15.8127 
15.4026 

14.8801 
14.5757 
14.1596 
13.74% 
13.3247 

12.9066 
12.4889 
12.0720 
11.6583 
11.2425 

23.4010 

F O W  LIVE3 

. a===, 

21.9525 
' 25.8429 

25.9820 
25.8918 
25.7284 

25.5191 
25.2874 
25.0343 
24.7627 
24.4755 

24.1750 
23.8640 
23.5521 
23.2395 
22.0265 

22.6132 
22.2988 
21.9862 
21. 6731 
21.3538 

21.0286 
20.6974 
20.3604 

19.6892 

19.3154 
18. 9560 
18.5015 
18.2219 
17.8475 

17.4685 
17.0849, 
16.8074 
16.3060 
15.9110 

15.5128 
15.1118 
14.7082 
14.3028 
13.8952 

13.4868 
13.0773 
12.6675 
12.2579 
11.8490 

11.4412 
11.0351 
10.6311 
10.2208 
9.8320 

9.4379 
9.0482 
8.6834 
8.2839 
7.9104 

20. 0177 

AGE ONE LIFE TWO LIVE3 77 
14.2384 
13.8028 
13.3673 
12.'9325 
12.4988 

12.0888 
11.8371 
11.2100 
10.7862 
10.3662 

9.9505 
9.5397 
9.1344 
8.7350 
8.3420 

i .  9560 
7.5774 

6.8443 
8.4806 

6. 1460 
5.8109 
5.4854 
5.1700 
4.8649 

4.5702 
4.2862 

3.7503 
3.4986 

3..2578 
3.0277 
2.8084 
2.5897 
2.4014 

2.2135 
2.0357 
1.8677 
1.7084 
1.5004 

1.4204 
1.2892 
1.1683 
1.0513 
.0434 

.E417 .m 

.I3444 

.5295 

.3582 

7.2067 

4. oim 

10.7574 
10.3435 
9.9338 
9.5281 
9.1277 

8.7329 
8.3441 
7.9619 
7.5868 
7.2191 

6.8595 
6. 5082 
6.1057 
5.8323 
5.m 

5.1942 
4.8901 
4.5981 
4.3126 
4.0395 

3.7771 
3.5253 
3. !m42 
3.0538 
2 8340 

2.6247 
2 4258 
2 2372 
2.0585 
1.8697 

1.7305 
1. I o 6  
1.4398 
1.3078 
1.1843 

1.0880 
.9616 
.E617 
.7682 
.e835 

.6046 

.4655 

.a48 

.34w 

.2896 

.2M8 

.2140 

.1703 

.1315 

4 

.urn 

PEBEE LIVE 

8.8278 
8.4418 
8.0618 
7 . w  
7.3m 

6.8839 
6. 6123 
6.2698 
5.9m 
5.6113 

5.29a 
4.8803 
4.694t 
4. m 
4.1% 

3.888; 
3.614; 

3.13X 
2.8141 

2 701f 
2.4w 
2.307: 
2 125f 
1.953! 

1.791C 
1.63'18 
1.4930 
1.3587 
1.2321 

3.3704 

1.113e 
1.0034 
.9007 
.m54 . n72 

.m 

.me 

.4917 

. 4 m  

.3714 

' .3194 
.27% 
.2304 
.18% .1m 

pr- 

DOUR LWE3 

ai... 

7.6434 
7.1832 
6.8304 
6.4853 
6.1485 

5.8203 
5.6011 
5.1910 
4.8805 
4.5887 . 

4.3189 
4.0483 
3. 7878 
3.6378 
3.2881 

3. ow 
2.8488 
2. e411 
2.4423 
2.254 

2.0764 
1.8085 
1.7471 
1.5968 
1.4656 

1.3231 
1.1880 
1.0831 
.9750 
.a744 

.7812 
* e948 
.I3152 
.5418 
.4746 

.3573 

.3067 

.2811 

.2202 

. m a  

.1839 

.1518 . E37 

.WEi 

.m7 

.0612 . Me8 

.0348 

.01n 
,0263 
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TABLE 41.-uNITED STATES TOTAL WHITES: 1939-1941, MAKEHAMIZED-IMMEDIATE LIFE ANNUITIES AT 3 PERdENT INTEREST 

[Single and j o i n t  lives-Equal ages] 

16.3951 
16.0565 
15.7132 
15.3654 
15.0133 

AQE ONE LIFE - 
I 

85 . . . . . . . . . . . . . . . . . . . . .  _ _ _  
86 _ _ _ _ _ _ _ _ _  ~ ___________.__ 
87 .__. ___.___.___________ 
88 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
89 _____________________.- .  

8 

7.6.7047 
27.7461 
27.7106 
27.6114 
27.4898 

27.3545 
27.2102 
27.0575 
26.8970 
26. i294 

26. 55153 
26.3753 
26.1919 

25.8151 

25.621fi 
25.4247 
25.2243 
25.0205 
24.8113 

24.5966 
24.3765 
24.1507 
23.9183 
23.6822 

23.4392 
23.1903 
22.9355 
22.6747 
22.4080 

22.1352 
21.8562 
21.5712 
21.2802 
20.9830 

20.6798 
20.3705 
20.0553 
19.7341 
19.4072 

19.0744 
18.7362 
18.3923 
18.0432 
17. 6888 

17.3295 
16.9654 
16.5966 
16.2237 
15.8467 

15.4660 
15.0819 
14.6948 
14.3049 
13.9127 

2(i.0052 

TWO LIVE3 

23.9239 
25.9141 
25.9388 
25.8471 
25.7163 

25 5628 
25.3952 
25.2149 
25.0232 
24.8214 

24.6107 
24.3923 
24.1710 
23.9469 
23.7201 

23.4907 
23.26% 
23.0238 
22.7866 
22.5435 

22.2944 
22.0393 
21.7783 
21.5112 
21.2380 

20.9587 
20.6733 
20.3819 
20.0843 
19.7808 

19.4714 
19.1559 
18.8347 
18.5078 
18.1753 

17.8373 
17.4939 
17.1455 
16.7921 
16.4340 

16.0714 
15.7047 
15.3339 
14.9595 
14.5819 

14.2012 
13.8180 
13.4325 
13 0453 
12.6569 

12.2674 
11.8775 
11.4878 
11.0986 
IO. 7105 

THREE LIVE 

21.7244 
24.5417 
24.6301 
24.5546 
24.4250 

24.2647 
24.0860 
23.8909 
23.6813 
23.4593 

23.2263 
22.9844 
22.7403 
22.4942 
22.2464 

21.6967 
21.7454 
21.4925 
21.2383 
20.9779 

20.7115 
20.4390 
20. 1604 
19.8758 
19.5850 

19.2883 
18.9856 
18.6770 
18.3626 
18.0425 

17.7167 
17.3855 
17.0490 
16.7074 
16.3608 

16.0085 
15.6537 
15.2937 
14.9298 
14.5623 

14.1915 
13.8178 
13.4415 
13.0631 
12.6829 

12.3014 
11.9191 
11.5364 
11.1538 
10.7718 

10.3911 
10.0119 
9.6350 
9.2608 
8.8898 

FOUR LIVE3 

air*. 

19.8639 
23.4075 
23.5586 
23.5023 
23.3783 

23.2162 
23.0318 
22.8278 
22.6066 
22.3707 

22.1223 
21.8639 
21.6040 
21.3430 
21.0812 

20.8185 
20.5552 
20.2913 
20.0272 
19.7571 

19.4808 
19.1964 
18.9101 
18.6158 
18.3155 

18.0094 
17.6975 
17.3800 
17.0570 
16.7287 

I I I  

55 ........................ 
56 ........................ 
57 ........................ 
58. - - - - . . -. . -. . . -. . . - - - -. . 
59. - -. - -. -. -. - - -. - - -. - - - - - 

14.6571 90 _ _ _ _ _ _ _ _ _ _  ~ .___________. 
14.2973 91 _ _ _ _ _  _ _ _  ._._...___._.._. 
13.9341 92 _ _ _ _ _  ~ _._._.___.__ ~ ...-. 
13.5679 93 ..______._ ~ __.._.. ~ .-.-. 
13.1991 94 .__.______..__.._. ~ __._. !I 

96..-.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
97 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
98 _ _ _ _  ___._ ._____._._._._. 
99 ..-......-....-...---.-. 

9.0935 
8.7287 
8.3676 
8.0107 
7.6586 

13.5186 
13.1230 
12.7264 
12.3292 
11.9319 

11.5350 
11.1390 
10.7443 
10.3517 
9.9616 

9.5745 
9.1909 
8.8114 
8.4366 
8: 0669 

7.7029 
7.3450 
6.9938 
6.6497 
6.3131 

5.9845 
5.6643 
5.3527 
5.0501 
4.7568 

4.4730 
4.1989 
3.9347 
3.6806 
3.4365 

3.2026 
2.9788 
2.7851 
2.5615 
2.3679 

2.1840 
2.0099 
1.8452 
1.6897 
1.5433 

1.4057 
1.2764 
1.1553 
'1.0418 
,9354 

.a349 

.7381 

.6399 

.5263 

.3564 

TWO LIVE3 

as. 

10.3239 
9.936 
9.5578 
9.1793 
8.8045 

8.4341 
8.0684 
7.7080 
7.3535 
7.0053 

6.6639 
6.3297 
6 0031 
5.6846 
5.3745 

5. (1732 
4.7809 
4.4979 
4.2243 
3.9605 

3.7065 
3.4624 
3.2283 
3.0042 
2.7901 

2. 5860 
2.3917 

2.0322 
1.8667 

I .  7105 
1.5632 
1.4247 
1.2948 
1.1730 

1.0593 
.9533 
.8546 
.7631 
.6784 

.6002 

.5283 

.4624 

.4021 

.3474 

.2978 

.2531 

.2128 

.1753 

.1309 

2.2072 

THREE LIVES 

a=.. 

8. 5226 
8.1598 
7.8018 
7.4492 
7.1025 

6.7622 
6.4286 
6.1022 
5.7836 
5.4729 

5.1707 
4.8772 
4.5926 
4.3173 
4.0515 

3.7962 
3. 5487 
3.3120 
3.0851 
2.8681 

2.6610 
2.4637 
2.2760 
2.0980 
1.9293 

1.7699 
1.6195 
1.4779 
1.3449 
1.2202 

1.1035 
.9946 
.8932 
.7989 
.7116 

.6309 

.5666 

.4884 
,4259 
.3690 

,3174 
.2708 
.2290 
.1918 
.1588 

.1299 

.lo48 

.0833 

.0649 

.0480 

FOUR LIVE3 

5.6728 
5.3672 
5.0698 
4.7811 
4.5012 

4.2304 
3.9688 
3.7168 
3.4744 
3.2417 

3.0187 
2.8054 
2. 6019 
2.4080 
2.2237 

2.0488 
1.8832 * 
1.7267 
1.5791 
1.4403 

.7749 

.I3895 

.6107 

.E380 

.4714 

.4105 

.3551 

.3048 

.2595 

.2189 

.1828 

.1510 

.1231 

.0989 

.0783 

.0609 

.0464 

.0348 

.0262 

.0176 
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TABLE 42.-uNITED STATES TOTAL W H I T E S :  1934-1941, MAKEHAMIZED-IMMEDIATE LIFE ANNUITIES AT 4 P E R C E N T  INTEREST 

' [Single a n d  joint lives-Equal ages] 

AQE I ONE LITE TWO LIVES 'AREE LIVES POUR LIVES rwo LIVES 'HREE LIVES 

a=.. _- 
17.9647 
20.3264 
20.4339 
20.4068 
20. 3353 

2 0 . 1 m  
20.0013 
19.8637 
19.7154 

19.5577 
19.3921 
19.2243 
19.0545 
18.8828 

18.7092 
18.5339 
18.3567 
18.1781 
17.9938 

17.8038 
17.6081 
17.4066 
17.1992 
16.9859 

16.7668 
16. 5415 
16.3104 
16.0733 
15.8302 

15.5812 
15.3264 
15.0657 
14.7995 

20. 2 3 ~ 6  

14.5y5 

14.2502 
13.9675 
13.6798 
13.3871 
13. 0897 

12.7878 
12.4818 
12.1718 
11.8584 
11.5416 

11.2220 
IO. 8999 
10.5757 
10.2499 
9.9229 

9.5952 
9.2672 
8.9395 
8.6125 
8.2868 

a,. 

19.5872 
21.2493 
21.3040 
21.2841 
21.1926 

a,. 

9.5391 
9.2061 
8.8737 
8.5424 
8.2129 

7.8855 
7.5609 
7.2395 
6.9220 
6.6087 

6.3W2 
5.9969 
5.6904 
5.4080 
5.1232 

4.8454 
4.5749 
4.3121 
4.0572 
3.8104 

3.5721 
3.3424 
3.1214 
2. go92 
2.7059 

2.5115 
2.3260 
2.1494 
1.9815 
1.8224 

1.6717 
1.5295 
1.3954 
1.2694 
1.1511 

1.0404 
.9370 
.E407 
.7512 -. m2 

.5916 

.5210 

.4562 

.3970 

.3431 

21.5428 
22. 4148 
22.4191 
22.3728 
22.3085 

22.2336 
22.1517 
22.0633 
21.9687 
21.8685 

21.7630 
21.6529 
21.5400 
21.4244 
21.3062 

21.1852 
21.0613 
20.9346 

20.6710 

20.3890 
20.2408 
20.0877 
19.9296 

19.7eD4 
19.5979 
19.4240 
19.2448 
19.0600 

18.8695 
18.6734 
18.4715 
18.2638 
18.0501 

17.8306 
17.6050 
17.3735 
17.1360 
16.8924 

16.6429 
16.3875 
16.1260 
15.8588 
15.5857 

15.3070 
15.0227 
14.7330 
14.4381 
14.1381 

13.8333 
13.5236 
13.21oc 
12 89Z 
12.5702 

20. 8050 

20. 5323 

12.2451 
11.9168 
11.6857 
11.2523 
10.9168 

10.5800 
IO. 2421 
9.9037 
9.5651 
9.2269 

8.8897 
8.5539 
8.2201 
7. R887 
7.5604 

7.2357 
6.91,W 
6.5989 
6.2878 
5.9822 

5. 6827 
5.3896 
5.1033 
4.8242 
4.5527 

4.2891 
4.0336 
3.7864 
3.5479 
3.3181 

3. 0 ~ 7 1  
2.8851 
2.8822 
2.4881 
2.3033 

2.3273 
1.9601 
1.8016 
1.6517 
1.5101 

1.3770 
1. 2516 
1. 1338 
1.0234 
.9191 

.E216 

.7271 

.6311 

.51W 

.3530 

7.9629 
7.6413 
7.3226 
7.0072 
6.6957 

6.3886 
6.0863 
5.7894 
5.4983 

I 5.2134 

0.8832 
6.5763 
6.2737 
5.9759 
5.6834 

16.5537 
19.5375 
19.6973 
19.6853 
19.6172 

19.5176 
19.3gep 
19.2M7 
19.1154 

'18.9534 

18.7804 
18. 5983 
18.4146 
18.2294 
18.0430 

5.3866 
.* 5.1160 

4.8419 
4.5748 
4.3149 

20.5024 
20.3588 
20.2127 
20. Obll 
19.9131 

19.7596 
19.6037 
19.4452 
19.2845 
19.1185 

18.9471 
18. 7703 
18. 58Ro 
18.4000 
18.2064 

18.0071 
17.8018 
17.5906 
17.3736 
17.1507 

16.9217 
16.6867 
16.4457 
16.1988 
15.0459 

15.6872 
15.4226 
15.1523 
14.8764 
14.5950 

14.3083 
14.0165 

' 13.7196 
13.4180 
13.1119 

4.0626 
3.8181 
3.5817 
3.3536 
a. 1339 

3.6554 
3.4236 
3.1004 
2.9859 
2.7800 

2.5850 
2.3948 
2.21 53 
2.0446 
1.8826 

1.7280 
,1.5839 

1.4469 
1.3180 
1.1969 

1.0834 
,9773 
,8783 
,7863 
.7008 

.6218 

.5488 

..4818 

. 4 m  

.3w 

.3136 

.2677 

.2m . 1896 

.I571 

.1285 

.I037 

.Of343 

.0476 

.n824 

. i7.0900 

15.7903 
15.5528 
15.3094 
15.0601 
14.8052 

14.5445 
14.2781 
14.0064 
13.7293 
13.4471 

1.2839 ~ * 
I .  1052 

,9499 
.a529 

1.0539 

.7028 

. 0792 

.m119 

.5306 
,4651 

.4052 

.3507 

.3012 

.2565 
,2165 

. 1 m  

.1493 

.1218 

.0879 

.0775 

.0459 

,0249 
.0176 

. om3 

.0343 

11. (1586 
11.3473 
11.0329 
10.7162 
10.3972 

12.8015 
12.4872 
12.1692 
11.8479 
11.5237 

11.1969 
10.8679 
10.5372 
10.2051 
9.8723 

10.0766 
9.7548 
9.4321 
9.1002 
8.1865 

8.4G46 
8. 1437 
7.8247 
7.5079 
7.1039 I 

- --., 



PART IV 

MATHEMATICAL THEORY AND USE OF THE ACTUARIAL TABLES 
c 

It is the purpose of part IV to explain and illustrate 
the use of the actuarial tables in part 111, and to present 
enough of the underlying mathematical theory to enable 
the reader without actuarial training to grasp the gen- 
eral import of these tables and to understand some of 
their simpler applications. For the convenience of 
such readers, the synopsis of mathematical theory has 
been placed before the technical explanation of the 
arrangement and use of the tables;. 

The section dealing with the' mathematical theory 
assumes only a knowledge of elementary algebra, and 
covers only the formulas for net values of the most 
simple types of life annuities, and net premiums for the 
.most simple types of life assurance benefits, including 
some annuities and assurances involving two or more 
.lives. No consideration is given to the important sub- 
ject of policy values (reserves). 

A. GENERAL MATHEMATICAL THEORY 

Compound interest 
If a sum P is invested at  compound interest. at  the 

rate i (that is, 100; percent) compounded annually, the 
amount accumulated at  the end of 1 year is P(l+i). 
The amount at  the end of the second year is P(l+i) 
multiplied again by (l+i): that is, P(l+i)2: In  
general, the amount at  the end of n years is P(l+i)n. 

The present value, on the basis of compound interest 
a t  the rate i, of a sum A due n years hence, is that 
amount which, if available now, would accumulate to 
exactly the sum A in n years by the addition of com- 
pound interest at the rate i. In other words, it is an 
amount P,  such that P(l +@=A. Solving for P gives: 

- 

P=A(l+i)-"=Av" 

where the symbol v is used to stand for (l+i)-' .  

Pure endowment 
A pure endowment on the life of a specified individual 

is an agreement to pay a stipulated sum on a designated 
future date, called the maturity date, provided the 
specified individual is .then alive: If each of I ,  indi- 
viduals, all exactly at  age 2, purchases an n-year pure 
endowment of one unit, the total cost being shared 
equally at  the time of issue, payments will be made at  
the end of the n years to I,, persons, and the total 
present value of these payments is vnlZ+,. If ,E, 
denotes the net single premium for the pure endow- 

. .  

ment: that is, the amount which each of the 1, individ- 
uals will have to pay, then, 

Annuities 
An annuity is a series of payments made at equal 

intervals. and continuing during the existence of a 
given status. Unlessbtherwise specified, the payments 
are assumed to be equal in amount. An annuity 
certaili is one in which the payments continue for a 
specified period of time, regardless of any other con- 
tingency. A lije annuity is one in which each payment 
is contingcnt on the continued survival of a designated 
individual, called the 'annuitant. In  a whole life 
annuity, the paymcnts continue during the entire life- 
time of the.annuitant. Under a temporary life annuity, 
a maximum period of time is specified, beyond which 
the payments are not to continue, even thoughsthe 
annuitant be alive. The valve or present value of an 
annuity is the sum of the values of all the individual 
payments, each discounted (or, in some cases, accu- 
mulated) a t  compound interest to a specified date, 
called the valuation date. In  the case of a life annuity, 
valuation also implies the assumption that similar 
annuities have been issued to a large number of persons 
all a t  the same age and subject throughout the duration 
of all the annuities to exactly the rates of mortality of a . 

specified life table; and further that the total fund is 
contributed (or shared) equally by all the annuitants 
alive on the valuation date. If the first payment is 
made exactly one payment interval after the valuation 
date, the annuity is called an immediate annuity. If 
the first payment is made at  a later date, it is called a 
deferred annuity. If the f i s t  payment is made on the 
valuation date, it  is called an annuitydue. If the last 
paymeDt -is made prior to the valuation date, it is 
called a forborne annuity. A concrete illustration of 
the forborne annuity is provided by the tontine fund, 
to which a group of individuals contfibute regularly 
until the end of a specified period of years (or until 
prior death), the accumulated fund being then divided 
equally among the survivors on a designated' date. 
Temporary life annuity 

Each payment of a life annuity can be regarded as a 
pure endowment; or, in other words;.a life annuity can 
be regarded as the sum of a number of pure endow- 

* 

. 

a5 
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ments. Thus, if az:%, denotes the present-value of an 
n-year immediate temporary life annuity wjth pay- 
ments of one unit, t,hen 

%a=iE,+dL+sE+ * - +,E, 
It foUows from formula.(l) that 

This expression is called the net valuc of the annuity to 
indicate that it is based on interest and mortality only, 
ignoring expenses and business contingencies. 
Commutation columns 

The evalua.tion of temporary annuities by formuli 
(2) for many different terms and ages would involve 
very extensive and laborious computa,tions. Fortu- 
nately, the calculation .can be very much simplified 
by employing the ingenious device known as commu- 
tation columns. Since the value of a fraction is not 
changed by multiplying -both numerator and denomi- 
nat,or by the same quantity, formula (2) is transformed 
by multiplying and dividing by vz. This gives: 

1 
.%:i1]=-(v"+'ls+,+~~lz+2+ * * . +Vz+%+n) U'b 

Now, if the symbol,D, is used to represent #Zz, the 
equation may be written in the form: 

1 
.%:---.(.(Dz+i+Dz+~+ * * . +Dz+n) w- D, 

~ 

Finally, if the symbol N, is defined by 

Nz=D,+Dz+l+D,+z+ * - to end of life table, 
it  is possible to write: 

This is, in fact, formula I11 of table P, page 87. Simi- 
larly, formula (1) on page 85 can be written in the form: 

Ds+n ,E*= - D, 

It is clear that if values of D, and N,  are tabulated 
for aU Ges, the net value of a pure endowment or 
temporary life annuity for any age and term can be 
calculated with very little effort. The functions D, and 
Ns are members of the class of actuarial functions 
called commutation columns. Although very useful in 
actuarial calculations, commutation columns are mere 
mathematical abstractions-short cuts in computation 
having no real meaning in themselves. 

Other types of annuities 
The expression for the net value of an immediate 

whole life annuity of one per annum is similar to formula 
(2) except that the expression within the parentheses 
is not limited to n terms, but continues to the. end of 
the life table. By the same process used in the case 
of the temporary life annuity, this expression reduces 
to the formula: 

. 

Nz+1 
.. 

a Z = x  

The net value of an n-year temporary life annuity of 
one per annum deferred m years is given by: 

1 
mI%:?i,=i (vm+R+Zz+~~+vm+ZZz+m+~+ * * +Vm+'+'Zz+m+n> . 

2 

Expressed in terms . of commutation symbols, this 
becomes: 

m E & z + m i  

This is reasonable, since an n-year pure endowment of 
amount Uz+mfi to an individual aged z at the time of 
issue, would enable the purchaser to use the proceeds 
at age x+m to buy an n-year immediate temporary 
life annuity of one per annum commencing at that age. 
Therefore, an m-year pure endowment of amount az+m:q 
can provide benefits identical with those provided by 
the deferred annuity represented by m~%:q. Adapta- 
tion to the case of a deferred whole life annuity gives 
the analogous formula: 

m ~ a z = ~ = , , E z  uz+m 

Table P provides a reference list of formulas in ternis 
of commutation symbols for the present values of the 
more common types of annuities. In all the formulas 
in the table, it  is assumed that the payments are of 
one unit each, and are made at intervals of 1 year. In ,  
connection with the formulas in this table, it will be 
noted that the value of an annuity-due (of one per 
annum) m-ay be obtained by adding unity to the value 
of the' corresponding immediate. annuity in which the 
temporary period (if any) has been reduced by 1 year. 
Thus, in the case of whole life annuities, 

at= 1 +us 

0, 

while in the case of temporary life annuities, 

am = 1 +%:%=a 
The principles underlying the choice of symbols to 
represent the different annuity values are explained on 
pages 90 and 92. 
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Reference 
number 

I 

I1 

111 

IV 

V 

VI 

. V I 1  

Immediate whole life annuity _.____ _._ ___-.______ 

Whole life annuity-due ______________._____--------.-.-.-------------- 

Immediate temporary life annuity for term of n years _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  

Temporary life nnnuity-dne for term of n years __._._._ .-. ~ -_.-.______ 

Whole life annuity deferred m years. _ _  __._________________.-.-.-.. .-- 

Temporary life annuity for term of n years deferred m years ---.-.____ 

Forborne life annuity for term of n years _______.___._._._.__-.-.------ 

' MATHEMATICAL THEORY 87 

TABLE P.-REFERENCE LIST OF FORMULAS FOR PRESENT VALUE OF SINQLE LIFE ANNUITIES 

. .  
z+l___________________ None _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

z _________________._ :-- None ________.________ 

z+l ... ___________.____ z+n _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _  

z _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  z+n-1. _ _ _ _ _ _ _ _ _ _ _ _  _. 

%+m+l. _____._______: None ____._.._________ 

z+m+l______.________ z+m+n _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I -n .  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  2-1 ________._________ 

DESCRIPTION OP ANNUITY 
Age at time of last 

payment (ii aunui. 
payment tnnt does not die 

Age at t h e  of flrst 

I ~~ 1 previously). 

1 On the basis of annual payments of one per annum. 

Life assurances 
A whole l$e assurance is an agreement to pay a speci- 

fied sum upon the death of a designated individual, 
called the insured, regardless of when such death may 
occur. In  a term or temporary assurance, the payment is 
made only if the death occurs within a specified period. 
In  the case of a deferred assurance, payment is made 
only if the death occurs after the expiration of a speci- 
fied period. An endowment assurance is an agreemenb to 
pay a specified sum' either upon the death of the in- 
sured, if the death occurs within a stipulated period, 
or at  the end of such period, if the insured is then alive. 
From a strictly mathematical point of view, an endow- 
ment assurance may be regarded as the combination 
of a term assurance and a pure endowment. 

If 1, persons all exactly at age 2 purchase temporary 
life assurances of one unit for a period of n years, and 
if it be assumed that claims are paid on the birthday 
next succeeding the date of death, the payments made 
at the end of the first year would total d,, and their 
present value would be vdi. Similarly, the present value 
of the payments made a t  the end of the second year 
would be v2dz+,, and so on up to the end of the nth year, 
when payments would be made haviqg a present value 
of vndZ+,-,. The net single premium for each assurance 
(denoted by,Aita) is therefore given by: 

1 A:,iil=- (rx1,+v2dz+i+8dz+z+ - +Vndz+,-i) L 
Upon multiplying and dividing by v,, this becomes: 

A'--_  1 
z:nl- , (v*ldz+c*zdz+l+ * +v*"dz+n-1) 

0 1, 

y using C, to denote @d,, this can be written: 

1 AZ:zl=-(cz+Cz+1+ * . * +Cz+n-l) 0, 

Finally, after introducing the symbol M, defined by: 

M,=C,+C,+1+Cz+2+ . . - to end of life table, 

the formula becomes: 

By a similar process, it is easily found that, for a 
whole life assurance, 

. A,=- M, 
D, 

while, for a deferred life assurance, 
. I  

mlAz=--mEz Mz+m_ A z + m  

The expression for the net annual premium for a 
whole life assurance (denoted by *P,) can be obtained 
by observing that the annual premiums constitute a 
whole life annuity-due. Therefore, P, &,=A,; whence, 
solving for P,, 

0, 

In  the case of a limited payment whole life assurance, 
where the number of annual premiums (net premium 
denoted by ,P,) is limited to a maximum of m years, 
the equation to be solved is ,P, 4:a=Az, which gives: 

. 

Formulas for net annual premiums for other types of 
assurance contracts are similarly obtained. 

Table Q provides a reference list of formulas in terms 
of commutation symbols for single and annual ' net 
premiums for the more common forms of life insurance 
benefits. In all the formulas in the table, it is assumed 
that the sum insured is one unit, and is payable, in case 



Reference 
number 

I 

I1 

111 

IV 

V 

V I  

VI1 

VI11 

I On the basis of a sum insured of onc unit payable on tho contract anniversary 

J Premiums assumed payable throughout thc duration of tho contract unless other- 
next succeeding the date of death. 

wise specifled in column 2. 

of death, on the anniversary of the insurancc contract 
next following the date of death. It is also assumed, in 
the case of annual premiums, that they are payable in 
advance: that is, the first premium is duc at the time 
the contract is made; and the last premium is due, in 
the case of endowments, 1 year before the maturity 
date. The principles underlying the choice of sym- 
bols to represent the premiums for different types of 
assurances are explained on p,qes 90 and 92. 

The actual practice of life insurance companies today 
is to pay the sum insured immediately upon receipt of 
proofs of death, and not to wait until the next contract 
anniversary. Nevertheless, it is customary to calcu- 
late net premiums for life insurance on the assumption 
stated- in the preceding paragraph, and to include the 
adjustment for immediate payment of claims in the ad- 
dition made to the net premium to provide for expenses 
and contingencies. If, however, it  should be desired to 
include this adjustment in the net premium, this can be 
done approximately (on the assumption that dates of 
death are, on the average, evenly spaced over the con- 
tract year) by multiplying the net premium obtained 
from the formula by (l+i)i-’, where i denotes the rate 
of interest and k represents the average period of time 
(expressed as a fraction of & yedr) required to obtain 
complete proofs of death. As just pointed out, net 
premiums obtained by these -formulas do not include 
any allowance for expenses or contingencies, and there- 
fore are not comparable with the premiums actually 
charged by life insurance companies. This is par- 
ticularly true of “participating” policies, under which a 
refund, or so-called “dividcnd,” is returned to the pol- 
icyholder out of each year’s premium. 
Joint life annuities 

A joint life. annuity is one under which the payments 
continue so long as two or more designated persons are 

8 This implies that payments by the insured eontinue until m payments have been 
‘ There is no accepted symbol for the annual premium. 

made or until death if earlier. 

that premium payments begin immediately. 
Thc formula given assumes 

dl alivc. For example, a joint life annuity on the lives 
of three persons continues only so long as all three are 
alive; it terminates as soon as any one of them dies. 
Suppose there are lJu  distinct pairs of ~dividuals, each 
pair consisting of one person at exactly age 1: and another 
person exactly age y, and that an n-year joint pure en- 
dowment of one unit is issued on each pair of lives. 
Such a contract provides for payment of the amount 
specified only in case both members of the pair m e  alive 
at the end of the n-year period. This will be true in 
lz+nZu+n cases out of the total lJu pairs of lives. There- 
fore, tlie.net single premium (denoted by ,,Ezv) for the 
joint pure endowment is given by: - 

I 

nEzv=----- V”lz+nlu+n 
M U  

(3) 

As in the case. of single life annuities,’ a joint life 
annuity can be regarded as the sum of a number of 
joint pure endowments. Thus, if uzv:q denotes the net 
value of an n-year temporary joint life annuity on two 
lives aged z and y, 

~p:a=1Ezy+zE:u+ i i +,E=, 
Therefore, substitution of formula (3) gives: 

Likewise, in the case of EL temporary joint life annuity 
on three lives, 

A similar expression can be written for m y  number of 
lives. 

I Bee p. 86. 
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and, for a deferred joint whole life annuity, 

n l  N=+*1:z+n+r 
-nEzz az+n:z+n DZz 

Similar expressions hold for three or more lives, taking 
DzZz=D2Jz, D,,,,=D,,J,, and so on. 
Reversionary annuities and last survivor annuities 

A reversionay annuity (or survivorship annuity) "to 
(z) after (y)" is an annuity to commence on the death 
of ( y )  and to continue thereafter so long as (5) is alive? 
If (z) predeceases (y), no payments at  dl are made. 
If aUlz denotes the net value of a reversionary annuity 
of one per annum "to (z) after (y)," it  is obvious that 

' 

I ~Ylz=a,-a,, (5) 

For, the value a,- provides an annuity during the entire 
lifetime of cx), .and the deduction of a, eliminates the 
value of those payments made while (y) also is alive. 
Therefore, the remainder is the present .value of only 
those payments which are made during the lifetime of 
(x) after the death of ( y ) .  

f See p. 84. 
8 The notation (2) denotes "a specified individual at ages:' 

It is explained latera. that when joint life a.muities 
are calculated on the basis of a mortality table which 
follows Makeham's law, any group of ages on which a 
joint life annuity is based can be replaced by a group 
of equal ages. In  other words, if a joint life annuity 
is based on m lives aged z, y ,  z, . . . (m), an age w 
can readily be found, such that 

a,, - (m):$=atotou, - . - (m):?il 

Therefore, it is su5cient, in such a case, to consider 
the formulas for joint life annuities when the ages are 
equal. When the two ages z and y are equal, formula 
(4) reduces -to: 

+ %5iI = ~ ~ o ~ l y . l ~ ' + v " ~ z ~ + z ~ ~ + ~ ~ ~ * + ~ ~ ~ +  1- - ' . 
2)" (L-7J21 

By multiplying and dividingby #,writing D, for v'(l,)'= 
DJz, and taking N,,=D,,+D,+1:,+~+D,+z:z~.2+ - - - to 
the end of the life table, it  is easily shown that 

In  the particdnr case of a joint whole life annuity, 
this reduces to 

Nz+l: =+I 

0 2 ,  
azz=- 

while, for a joint pure endowm.entJ 

By similar reasoning, it is easily seen that 
aUrlr= a, - azUz 

ar,zy= azv--aZur 
and 

where a,,,, denotes the net value of an annuity of ODC 
per annum comniencing at  the death of either (9) or 
( 2 )  (whichever occurs first), and continuing thereafter 
during the entire lifetime of (3); an'd aplzv denotes an 
annuity of one per annum commencing at  the death of 
( z )  and continuing thereafter only so long as (3) and 
(y) are both alive.. 

A last survivor (or joint and mrvivor) annuity to (x) 
and ( y )  is one wbich begins now and continues so long 
as either (z) or ( y )  or both are alive. I f  a% denotes 
the prcsent valuc of a last survivor annuity of one per 
annum on the lives of (z) and ( y ) ,  it is clear that 

a,-,= av+ a,,,,= a,+ a,- a,,, 

The. last expression was obtained from the second by 
substituting formula (5) for a,I,. Similarly, in the case 
of three lives, 

am= aE+ a, I , - a,, lzl= a,+ a,, + a, -azu - a,, - a,,,+ a,,, 
Thc reasonkg which lcads to the second member of 
this equation is as follows. If to a last survivor annuity 
on the lives of (y)'and (2) is added a reversionary 
annuity to (z) after ( y ) ,  the sum provides for making 
payments so long as (z) or (y) or (2) (or any combina- 
tion of the three) is dive. Howfiver, it provides for 
duplicate payments %der one particular set of condi- 
tiom: namely, when ( y )  is dead and both: (2) and (2) are 
alive. Hence, the subtraction of a reversionary annuity 
to  (2) and (2) after ( y )  is exactly what is needed to 
eliminate the duplicate payments. 

Formulas for more complicated benefits can be 
similarlyobtained. For example, in the case of formulas 
VI, XXIII, and XXIV of table R (p. 91), the steps 
would be as follows: 

Formula VI: 

Formula XXIII: 

Formula XXIV: 

ai7 I =a,,+ azlUz= a,,+ avz- azvr 

. ' az ,  I= a,, z - ~ u , + r  = a, - a,,,- a,,+ a=,,, 

az,z=%%- a,= a,+ a, - a~,,-azz- a,, + a,,,, 

1 

Relation between annuities and assurances 

There is an imporcant' general relationship between 
the net values of annuities and net single premiums for 
assurances, which can be stated as follows. 
If a-denotes the net value of an annuity-due of- one per 

annum to continue in eJed during the ezisbxe .f a 
.given status, and ij A denotes the net single premium for 
an assurance providing for payment of one unit on the 
contract anniversary next following the termination of the 
given status, then 

A=l--da (6) 

' 
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where d denotes the rate o j  discount corresponding to the 
interest rate assumed. 

The rate of discount may be defined as the annual 
amount of interest per unit of principal when interest is 
payable at  the beginning, rather than the end of each 
year. 

d=i/(l +i)=iv=l -v  

It is given by the relations: 

This general pkoposition can be demonstrated as 
follows. If one unit is invested so as to earn interest 
at  the rate i per annum, the amount i will be rcceived 
at the end of each year. However, if arrangements 
could be made to receive the interest at  the beginning 
of each year rather than at the end, the amount reccived 
each year would be the present value of i due 1 year 
hence: that iv=d. Suppose that one unit is in- 
vested, under the latter arrangement, during the con- 
tinuance of the given status, with the understanding 
that the unit invested will be withdrawn at  the end of 
the year in which the given status terminates. Then 
it may be considered that an immediate down payment 
of one unit has purchased two distinct benefits, namely: 

(1) an annuity-due of d per annum during the 
continuance of the given status, and 

(2) the right to receive one unit at  the end of the 
year in which the given. status terminates, 

I t  should be clearly understood that the unit originally 
invested docs not become aTailable for withdrawal 
until the end of the year in which the status terminates 
because the interest paid in advance a t  the beginning 
of that year is not fully earned until the end of the year. 
Now the present vdue 01 benefit (1) is, by hypothesis, 
da, while that of benefit (2) is A. Since the initial 
payment must be equal in value to the benefits pur- 
chased by it, it follows that 

l=da+A 

Upon transposing, this gives at  once the equation (6). 
A simple illustration is the case in which the given 

status is the survival of a specified life (2). In  this 
case, formula (6) becomes 

A,=l--da,=l-d(l+aZ) 

Similarly, when the stat& is the joint existence of two 
lives (z) and (y) 

If the given status is the survival of (z) during a period 
of n years only, the formula gives: 

&=1--d(l+azJ 

A,,si,=l--d~:~,=l--d(l+az,~l) 

If the Status in question is the survival of any one or 
more of three lives (z), (y), and ( z ) ,  the relation is: 

A== 1 - 4 1  +a*) 

Other examples appear among the formulas of table R. 
dseeP.86. 

As a practical ‘illustration, consider the following 
situation: A certain estate includes a property of value 
P, which yields an annual income I. Under the terms 
of the will, one of the heirs, (z), is to receive the income 
during his lifetime. After the death of (z), anather 
heir, (y), if then alive, is to receive the income as long 
as he lives. At the death of the survivor of (z) and (y), 
the title to the property is to pass to a third heir, (z), 
or to the estate of ( 2 )  if he is not then alive. The 
problem is to determine the present value of the inter- 
ests of (x), (y), and ( z )  in the property. 

It is obvious that the value of (z)’s interest is la,, and 
that the value of (y)’s interest is 1aZ,”. The value of 
the combined interest of (2) and (y) is I ( a , - f - ~ , , ~ ) = I a ~ .  
On the assumption that the income is receivable . 
annually at the end of the year, (2) will receive, at  the 
end of the year in which the survivor of (2) and (y) dies,- 
1 year’s income in addition to the property itself: that 
is, a total value of P + I .  Therefore, it follows from . 
the general principle stated on page 89 that the present 
value of (2)’s interest is (P+I) [ l -d( l+a~)] ,  where 
d = i + ( l + i ) ,  and i represents the ratio I+P. As a 
check on the consistency of these results, the ialue of 
the combined intercst of (z), (y) , and (2) can be written 

’ ‘ 

. 
as 

la,+ ( P +  r> - + = p 1 

since P+I=P( l+ i ) ,  (l+i)d=i, and P i = I .  This , 
shows that the present value of the combined interest 
of all three‘heirs cquals the value of the property, as . 
woyld be expected. 
Formulas for joint life benefits 

values of the more common types of joint life benefits 
in terms of joint life annuities and joint pure endow- 
ments. In using this table, it  may be helpful to realize 
that the symbols used to denote net values of the 
different types of benefits are not merely arbitrary but 
follow definite rules. The symbol (5 )  denotes a speci- 
ficd individual whose age is z. Thc italic “a”jndicates 
the present’value of an immediate annuity; the Roman 
[‘a,” of an annuity-due; and the capital “A,” of an 
assurance. The subscripts t o  the right of these sym- 
bols denote the ages of the lives during whose continued 
existence the annuity is to be paid, or upon whose 
death the assurance is payable. Unless otherwise 
indicated, the annuity terminatcs, or the assurance 
becomes payable, upon the occurrence of the j r s t  
death among the group of lives indicated. A subscript 
with an “angle” (1) placed over it dcnotes not an age 
but a term certain: that is, a specified period of years 
commencing n t  thc date of the contract. For exnmple,. 
thc subscript “a” in the symbol u35:4 denotes. a 
12-year period starting at  the commencement of the 
mnuity. The entirc symbol represents the present 
value of an immediate annuity of one unit per annum 
LO terminate as soon as (35) dies 01: as soon (1s (121) 
‘dies,” whichever occurs first. From this point of 

Table R provides a reference list of formulas for net . 

’, 
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nlaz,, .... t r n ) - - -  _ _ _ _ _  
u,,,~...(~):;~ _ _ _ _ _ _ _ _  
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deferred n years, then payable until a death occurs 

payable for n-years, or until a death occuw among 
among the lives (z), (y), (z), . . .. 
the lives 2, #, z, . . . , if earlier. 

TABLE R.-REFERENCE LIST OF FORMULAS..IN TERMS OF JOINT WHOLE LIFE ANNUITIES AND JOINT PURE ENDOWMENTS, FOR NET 
VALVES OF THE h l h - C I P A L  TYPES OF ANNUITIES AND A66URAKCE BENEFITS INVOLVING TWO OR MORE JOINT LIVEB 

SYMBOL1 . Description a Formula for net present value or net single premium I I Reference 
number 

a ,  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
a ,  _ _ - _ _ _ _ _ _ _ _  
a ,  i--_---------_- 

. l a s - - - - - - _ - - - - - _  

,,la;-,--------..---- 

, , las . - - - - - - - - - - - -  

U Z : ~  _ _ _ _ _ _ _ _ _ _ _ _ _  
a,G:;; i - -_-------- -  

uiy,:;i------------ 

JOINT PURE ENDOWMENT 

payable until both (2) and (y) are dead _ _ _ _ _ _ _ _ _ _ _  u,+a,--a,, 
payable until (z), (y), and (z) ale all dead _ _ _ - - _ _ _ _  a.+ay+a.-azu-u,.-au.Sa,,. 
payable until the death of either (2)  or the survivor uz.+a,.-az,. 

deferred n years, then payable until (2) and (y) are nla.+nla,,-nlarv 

deferred n years, then payable until (z), (y), and-  n ~ u z + n ~ ~ , + n ~ ~ ~ - n ~ ~ , , - n ~ ~ , ~ - - . ~ ~ u g + ~ ~ ~ z u .  

deferred n years, then payable until the'death of n ~ a ~ ~ + , , ~ a u s - n ~ u , , , ~  

payable for n years, or until both (z) and (y) are ~ , : ~ + u u : ~ ~ - u z , , ~ ~  

payable for n years, or until (z), (y), and (z) are all u , : ~ + u u : ~ i + a * : ~ - u , , : ; i - a r * : ~ - a , . : ~ +  

payable for n years, or until the death of either (2)  u , ~ ~ ; ~ + u ~ z ~ ~ - u z u I ~ ~  

of (z) and (y). 

both dead. . . 

( 2 )  are all dead. 

either (z) or the suivivor of (z) and (y). 

dead, if earlier. 

dead, if eailier. %l1:7 

or the survivor of (z) and (y), if earlier. 

,&, .... (,,,) _ _ _ _ _ _ _ _ _  payable after n yeais if (z), (y), (2 )  , . . . are all alive- U"Z,+nZU+nZ~+n ... (~)/Z,Z,Z ,... ( m )  

JOINT LIFE IMMEDIATE ANNUITIES 

I 

_ _ _ _ _ _ _ _ _  
nlAzu....(rn) - - - - - - - 

A,ug...(ml:.nl _ _ _ _ _ _ _  
A n  _ _ _ - _ _ _ _ _  
,JAG - _ _ _ _ _ _ _ _ _ _ _  

,,lA+ui--- - - - _ - _ _ _  - 
& m : q  _ _ _ _ _ _ _  

- 

I1 

I11 

payable upon3 the first death among the lives 

payable upon 3 the first death among the lives 
(z), (y), (z), . . . , if this occuis after n years have 

. elapsed. 
payable at the end of n yeaIs, 01 after the first 

death among the lives (z), (y), (z), . . ., if earlier. 
payable at the death of the last survivor of (z), 

payable at8 the death of the survivor of (2) and 
(3) if this occuis after n years have elapsed. 

payable at a the death of the last survivor of (2) , (y), 
and (z) if this occurs after n years have elapsed. 

payable at the end of n ears, or at, the death of 
the last survivor of (z), &), (z), . . ., if earlier. 

- (z)* (y)), ('1, 

(Y), (z). - - .- 

~~ ~~ 

aUI ,-___--------_- 
a,,, .---_----_---- 

_ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _  

a,lG- _ _ _ _ _ _ _ _ _  

n E z w  ... (m)az+n: u+n:r+n: ... (m) 

~ 

commencing a t*  the death of (g) and continuing 
thereafter during the life of (2). 

commencing as soon as either (y) 01 (z) dies,' and 
continuing thereafter during the life of (2). 

commencing at3 the death of (z) and continuing 
thereafter so long as (z) and (y) are both alive. 

commencing at * the death of the survivor of (y) 
and (z), and continuing thereafter during the life 

commencing at * the death of (z) and continuing 
thereafter until both (z) and (y) are dead. 

of (2). 
' 

I V  
V 
VI 

. VI1 

VI11 

IX  

X 

XI  

XI1 

LAST SURVIVOR (OR JOINT AND SURVIVOR) IMMEDIATE ANNUITIES 

XI11 

XIV 

xv 
XVI 

XVII 

XVIII 

XIX 

JOINT LIFE ASSURANCES 

REVERSIONARY (OR SURVIVORSHIP) ANNUITIES 

XX 

XXI 

XXII 

XXIJJ 

XXIV u,+u,-u,,-- ar,-a,.+a.,. 

1 The letter (m) denotes the number of lives involved. 

I These fon+as assume that all payments are of one unit and are made on mntract anniversaries; that annuity payments are mad! annually at the rnd of each year 
The notations (z), Q, ( 2 )  . . . denote speci5ed individuals at ages z, I!, I ,  etc. 

which falls within the term of the annuity; and that ~ssurance payments are made on the anniversary foltowlng death, rather than immedlately after death. 
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view, the end of the 12-year period starting from the 
commencement of the annuity is .regarded as the 
“death” of (a). Similarly, A35:53:~ denotes the net 
single premium for an msurance of one unit pay- 
able upon the occurrence of the first “death” among 
(35), (53 ,  and (121). In other words, if either (35) or 
(53) dies within 12 years from the date of the contract, 
the assurance is payable upon the first death; other- 
wise, the payment is made upon the “death” of (121): 
that is, at the end of the 12-year period. This shows 
why the addition of the subscript ‘51’’ to an assurance 
symbol indicates (unless the symbol is otherwise 
modaed at the same time) an endowment assurance 
rather than a temporary assurance. These prhiciples 
are illustrated by formulas 111, XIII, and XV of table R. 

The notation ‘‘,I” preceding an assurance or annuity 
symbol indicates that the benefit in question is deferred 
n y e w .  For example, 121A35:53 denotes the net single 
premium for an assurance of one unit payable on the 
occurrence of the first death among two lives now aged 
35 and 53, provided such death occur after the expira- 
tion of a period of 12 years from the date of the contract. 
This notation is illustrated by formulas I1 and X I V  of 
table R. 

A horizontal bar placed over a group of. subscripts 
representing ages denotes the last survivor of the 
corresponding group of lives. For ‘example, A m  
denotes the net single premium for an assurance of one 
unit payable on the death of the last survivor of three 
lives now aged 35, 53, and 67, and ~ m : ~  denotes the 
net present value of an immediate annuity of one unit 
per annum which terminates either on the death of a 
life now aged 24 or on the death of the survivor of 
two lives now aged 35 and 53, whichever occurs fist .  
This,notation is illustrated by formulas IV to XI1 and 
XVI to XIX of table R. 

A vertical line separating into two groups the sub- 
scripts to the right of an annuity symbol indicates that 
the annuity is to commence at  the death indicated by 
the subscripts which precede the vertical line, and is 
to terminate at  the death indicated by the subscripts 
which follow the vertical line. For example, a-124:67 

denotes the net present value of an annunity of one unit 
per annum to commence on the death of the survivor 
of two.lives now aged 35 and 53 and to terminate on 
the death of either of two lives now aged 24 and 67, 
whichever occurs first. Of course, if either of the latter 
two lives should predecease the survivor of the first 
two, no payments would be made under the annuity. 
Similarly, %553124:87 denotes the net present value of an 
annuity of one unit per annum to commence on the 
death of either of two lives‘now aged 35 and 53, which- 
ever occurs first, and to terminate on the death of the 

If the 
survivor of the latter two lives should predecease both 
the first two, no payments would be made. This 
notation is illustrated by formulas XX to XXIV of 
table R It will be noted that the table does not con- 

. 

.survivor of two lives now aged 24 and 67. 

tain a formula for last survivor annuities analogous to 
formula I1 or a formula for last survivor assqmnces 
analogous to formula XIV. This is because such 
formulas do not hold.6 

The symbol which represents the net single premium 
for a joint pure endowment (formula I of table R) fol- 
lows somewhat different principles. The main part of 
the symbol is a capital “E.” The subscript to the left 
o€ the ‘iE’’ denotes a p-eriod of years starting from the 
date of the contract, at the end of which (if at all) the 
endowment is to be paid, while the subscripts following 
the “E” represent the ages of the various lives who 
must dl s u r ~ v e  the stated period as the necessary 
condition for payment of the endowment. For ex- 
ample, 12E3b:53:07 denotes the not single premium‘ for a 
contract to pay one unit at  the end of 12 years if three 
liveinow aged 35, 53, and 67 are d alive at  that time. 

Formulns for temporary assurances are not given in 
table R. In any given case, the net single premium 
for a temporary assurance is obtained by subtracting 
the corresponding pure endowment premium from the 
corresponding endowment assurance premium. ’ 

’ 

B. ARRANGEMENT AND USE OF THE 
ACTUARIAL TABLES 

Elementary values. 
In  using actuarial functions derived from a life 

table, it is highly desirable to have the various mathe- 
matical relationships between the different functions 
hold as precisely as possible. Since the commuta.tion 
columns, from which most other actuarial functions are , . 

derived, arc based directly on the I, and d, c o l i n s ,  the 
desired mathematical consistency is most readily ob- 
tained by regarding I ,  (rather than a,) as the basic 
column of the table and deriving the others from it. 
This has been done in the tables of elementary values 
included with the actuarial tables (tables 14, 25, and 
38), with the result that many of the values shown in 
these tables differ very slightly, in the case of white 
males and white females, from the corresponding fig- 
ures in the life tables of part I1 (tables 5 and 6). A 
detailed . statement concerning these differences is 
given in the appendix in connection with the account 
of methods of construction of the actuarial. tables. 
The values, given in the makehamized mortality table 
for total whites (table 38) naturally differ to a much 
greater extent from the corresponding values in the life 
table previously given (table 4), since the makehamized 
table constitutes a different graduation of the data. 

I n  all three cases, the tables of elementary values 
included with the actuarial tables give the rate .of 
mortality on’a unit basis (rather than a “per 1,000” 
basis), for convenience in ‘mal- mathematical calcu- 
lations. The average future lifetime and the functions 

. 

8 Spurgeon, E. F., Life Cbnlln~encfe8. third edition, pp. 267368, Cambridge 

6 6 e e  p. 137. 
University Press, London, 1938. 
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I 

relating to the stationary population are not shown; 
however, two additional functions &e given which 
did not appear in the life-tables of part 11. These are 
the probability of survival pi. and the force of mor- 
tality pi.. 

The probability of survival, or survival rate, is the 
complement of the rate of mortality; in algebraic terms, 
pz=l-qi.. In  other words, i t  is the proportion of 
individuals a t  a given exact age who survive exactly 
1 year. 

The force of mortality, or.instantaneous rate of mor- 
tality, at age 5 “represents the annual rate at which the 
community under review is dying at the moment of 

-attaining age 2.” ’ Expressed in slightly different 
language, it is “the proportion of persons of that age 
who would die in a year, if the intensity of mortality 
remained constant for a year, and if the number of 
person8 under observation also rcmained constant, the 
places of those who die being constantly occupied by 
fresh lives.’! * In  the language of mathematics, pi. is the 
negative of the derivative of I, with respect to 2, 

expressed as a ratio to I ,  itself. The values of the force 
of mortality are useful in evaluating annuities and other 
benefits involv&g two or more joint lives, as will be 
explained later? In  the case of the makehamized 
table, the radix has been taken as 1,000,000 rather 
than 100,000 in order to retain one more significant 
figure and thus take full advantage of the ,additional 
smoothness resulting from the Makeham graduation. 
Use of the actuarial tables in calculating single life 

annuity values and net premiums for life insurance 
benefits 

The actuarial tables based on the life tables for white 
males and white females (tables 14 to. 35) provide the 
.means of calculating all values ordinarily required for 
actuarial purposes, on the basis of the five interest rates 
for which tables are given. The commutation c-olumns 
(tables 15 to 19 and 26 to 30) are purely mathematical 
devices which. represent steps in the computation of 
annuity values, net premiums, policy valucs, and other 
actuarial figures. Their usefulness lies entirely in 
shortening the arithmetic: they are not susceptible of 
any concrete interpretation which is useful in other than 
exceptional cases. In  using the tables of commutation 
functions, the reference lists of formulas given in tables 

- P  and Q (pp. 87 and 88) may be helpful. 
Net values of immediate whole life annuities and 

. net premiums for whole life assurances have been 
calculated, and are given in tables 20 to 24 and 31 to 
35. These are the simplest forms of annuity and 
assurance, r-espectively, and correspond to the formulas 
’ Australia Census Bureau, Cenaur 01 the Commonwealth of Auatrolia, 3rd ApriJ. 

1911, vol. 1, 8atiatician’r Report, p. 319. MeCmon, BIrd and Co., Melbourne, 1917.. 
The deflnition quoted waa written by Sir Oeorge Knibbs, Commonwealth Statis- 
tician. 

9 King, george, InSlYute 01 Aduarfea’ Tuf Book of the Principle# of Intereat, Lije 
Annuitica, and Aaaurancea, and Their Pradical Application, Pari XI, Life Contin- 
vended. second edition, p. 24. Charles and Edwin Lsyton, Imndon, 1802. ’ see p. 94. 

146805 0 - 47 - 7 

appearing in line number I of tables P and Q. For- 
mulas for dealing with varying annuities and assurances, 
and other benefits of a more complicated character, 
will be found in the standdrd textbooks op actuarial 
theory.I0 

The use of tables 14 to 35 and the application of the 
formulas given in tables P and Q arc illustrated by the 
following numerical examples. 

interest of an immediate wvliole life annuity of $400 per 
annum payable to a white female now aged 63. 

Solution.-As this is an immdeiate whole life annuity, 
it’ is not necessary to employ commutation column-$ 
and the present value per dollar of annual payment can 
be obtained directly from table 31. There it is found 
that the vdue in question is $11.9366 per dollar of 
annual payment. Multiplying this figure by 400 
gives $4,774.64 as the total prcsent value of the annuity. 

ExampZe .$.--Find the present value at  3 percent 
interest to a white male now a t  age 41 of a deferred 
life annuity of $1,200 per aiinum, the first payment to 
be made at  age 65. 

Solution.-As this is a deferred whole life annuity, 
formula number V in table P is the correct one to use. 
A s  the first payment is made a t  age 65, z fm+l=65,  
while z=41. Therefore the total present value is: . ’ 

ExampZe 1 .--Find the present value at 2 percent ‘ 

# 

Table 17 shows that Ne6=86,352.4 and D,,=25,725. 
Substikuting thesc values in the above formda gives 
$4,028.10 as the total present value of the deferred 
annuity. 

ExumpZe 3.-Find the. net annual premium for a 
whole life assurance of $2,500 on .a life aged 37 on the 
basis of 1939-1941 mortality of-United States white 
males a t  2% percent interest. 

SoZution.-The net annual premium per dollar of 
insurance is taken directly from table 21, the value 
being $0.02118. Multiplying by 2,500 givcs $52.95 
as the total net annual premium. 

Example .$.-Find the net single premium a t  age 
43 for 6 20-year endowment assurance of $5,000 on 
the basis of 1939~1941 mortality of United States 
white males at 2. percent interest. 

Solution.-Applying the formula in line number VI 
of table Q gives for the net single premium: 

Reference to table 15 sliows that M43=21,532.60, 
Mea=13,805.08, 0,,=36,463, and Da3= 17,907. Sub- 
stituting these values in the above formula gives 
$3,515 as the total net single premium. 

IQ Menge, Walter O., and Olovcr, James W., An Introducfion lo fhe Ma4hematfcr oj 
Life Inauranee, The Mscmillan Co., New York, 1935; MncLenzie, M. A., and Shep 
pard, N. E., A n  Introduction to lhe Theory of Life Confingender, The University of 
Toronto Preys, Toronto, 1931; Spurgeon, op .  eft. 
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Use of the actuarial tables in evaluating joint life 

The calculation of the values of joint life annuities 
is greatly facilitated when it is possible to use a mortality 
table which follows the mathematical formula kn0w.n as 
Makeham’s lay.11 A.Makeham graduation of the life 
table for total whites in tlie United States ip 1939-1941 
has been prepared and appears as table 38, page 80. 
Tables 36 and 37, and 39 to 42 also contain values 
relating to or. derived from this- mortality table. The 
life table for total whites was used for this purpose, 
rather than the separate t8bles for white’males and 
white females, because it appeared that joint life values 
based on.the total white population would be useful 
for certain purposes, and because serious technical 
difficulties were encountered in attempting to graduate 
by kfakeham’s law the separate life tables for mdes and 
fernales.l2 On pages 97 to 99, a method is given by 
which the values of joint life annuities based on the 
life tables for the separate sexes can be closely approxi- 
mated. 

The simplification in the calculation of joint life an- 
nuity values resulting from the use of a mortality t.able 

. which follows Makeham’s law arises from the fact that 
it is necessary to tabulate only the values of joint life 
annuities on lives of equal age. This is feasible because 
it is easy to determine from any given set of m ages, 
z, y ,  2, etc., an “equivalent equal age,” w such that a 
joint life annuity on m lives all a t  age w has the same 
value as a s+~ilar joint life annuity on m lives at the 
ages originally given. For example, on the basis of the 
makehamized mortality table included in this volume, it 
is found that a joint life annuity on three lives aged 27, 
38, and 43 is equal in value to a joint life annuity on 
three lives all aged 37.75 years. Tables 39 to 42 giye 
the values of imedia te  whole life annuities for single 
lives, and for two, three, and four joint lives of equal 
age, with interest a t  2, 2j4, 3, a.nd 4 percent. 

The most generally applicable method of arriving at 
the equivalent equal age involves the force of mortality. 
A mortality table which follows Makeham’s law has 
the property that the value of the force of mortality 
at  the equivalent equal age corres onding to a given 

values of the force of mortality at  the given ages. For 
example, in the illustration previously given, suppose 
it is required to find the present ‘value a t  2:4,percent 
interest, on the basis of the makehamizcd mortality table 
given in‘this volume, of an immediate joint whole life 
annuity .of one per annum on three lives aged 27, 38, 
and 43. Reference to the last column of table 38 shows 
that p2,=.00212, ~ ( ~ ~ = . 0 0 3 8 5 ,  and p,=.00540. Adding 
these three values and dividing. by 3 gives po=.00379, 
where w denotes the equivalent equal age. Since 
pa7=.00361 and p38=.00385, it is clear the w is an age 

aIlllllitieS 

‘ 

set of ages is exactly the arithme P ic average of the 

11 Also called Mskehm’s flrst modifleation of Qompertz’s law. 
1’ see p. la. 

letween 37 and 38. In order to determine the exact 
‘raction, interpolation is used. Thus, 

. . 

. .00379- .00361- - .75 / 

.00385 - .00361 

IO that w=37.75. Therefore, 

Now, table 40 shows that ~ ~ ~ : ~ : ~ = 1 6 . 2 2 0 1  and a33:38.38= 
15.8127. 1nterpolat.ion gives : u3,.76 :37. ,5:37.76= 16.2201 - 
75(16.2201- 15.8127) = 15.9146, which is the desired 
mesult. . 

When there are only two lives, it  is more accurate, 
tnd usually more convenient, to use the principle of 
miform seniority, as embodied in table 37. For example, 
et it be required to find a35:61 at 3 percent interest. 
I’he difference between the two ages, 35 and 51, is 
16 years. Upon entering table 37 with this difference 
af‘ 16 yearg, 10.622 years is obtained as the ahdition 
which must be made to the younger age in order to 
Dbtain &he equivalent equal age. Adding 10.622 to 35 
zives 45.622. Reference to table 41 shows that 

. ~7:38 :43=~7 .7667 .76J7 .76  

. . 
. 

a8661 =a4S .623:46.62!2= 14 -201 2 - 
.622 (14.2012-13.8180)=13.9628 

The other method, using the values of pzJ would give 
p,=j4(.00320+.00986) = .00653, whcnce w=45.604, and 
aa6:6l”a,6,,o(:4~JO4= 13.9697. ,The diflerence in the re- 
sults is due to the fact that linear interpolation between 
the values of pz is a less accurate means of find’ing the 
equivalent equal age than the table of uniform seniority. : 

It is also possible to deal with four jives by repeated . 

applications of the principle of uniform seniority. For 
example, if the ages of the four lives are 23,35,39, and 
57, it is found from table 37 that the equivalent equal 
age corresponding to the two ages 23 and 35 is 30.523, 
while -that corresponding to ages 39 and 57 is 51.258. 
Now the difference between 30.523 and 51.258 is 
20.735, and interpolation gives 14.575 as the addition to 
be made to the younger age. Adding this quantity to 
30.523 gives 45.098 as the equivalent equal age €or the ~ 

four lives. The result obtained by averaging the four 
values of pz is 45.099. The corresponding immediate 
whole life annuity values at  3 percent are 10.9172 and 
10.9169, respectively. With four. lives, the averaging 
method is slightly simpler, but of course slightly less 
accurate. 

The application of the uniform seniority principle to 
three lives is inconvenient, and requires special tables 
which have not been included in this volume. Of 
course, in this case, the method based on averaging the 
pz values can be-used. 

The principle of uniform seniority does not hold for 
reversionary and last survivor ann~ities.’~ Values of 
such annuities must first be expressed in terms of 
simple joint life annuities, to which tlie uniform seniority 
principle can then be applied. 

i s  

. 

I 

- .  
1) Bpurgeon, op. cU., PD. 286-286. 

\ 
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9 ___..___.__________. 
10. _ _  -. . . . . _ _ _  -1. -. - -  
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Evalusltion of joint life annuities involving ages under 1’7 
The makehamized mortality table included in this vol- 

ume follows Makeham’s law only a t  ages 17 and over. 
Therefore, if one or more lives in the group are at  ages 
-under 17, neither of the methods described in the pre- 
ceding section gives the correct annuity value. .In such 
a case, either of two procedures may be adopted: an 
exact, but laborious method; and a shorter method, 
which is not exact but yields a close approximat.ion. 
I n  the exact method, the annuity in question is ex- 
pressed as the s-um of a temporary annuity and a de- 
ferred annuity. Thus, if the ages are 2, y, z ,  . . . 
(m),  and if h denotes the diffcrencc between the age of 
the youngest life and 17, then 

a z p i  (m)=azvr  * c m ) : ~ + A l a z u r  - * - Im) 

Here the temporary annuity azyr .  . . ( m ) : ~ ,  is limited to a 
maximum 0f.h payments, and its value is given by: 

0,980392 945,953 
.961169 944,BOa 
,942322 943,967 
.923845 943,098 

,.905731 942,276 
.887071 941,473 

,870560 940,595 
,853490 939,637 
,836755 938,594 
.a20348 931,464 
,804263 936,242 
.78‘8493 934,926 

2121z+24+24+2 * * . (m) 
+ - +?j%+hly+hlr+h ’ * (m)] (7) 

In  order to evaluate this expression, it is necessary to 
compute each of the h individual terms within the 
bracket, sum them, and then divide by the product of 
the I, values. The deferred annuity h l ~ z u r  . . . (m) con- 
sists of payments commencing at  the end of h+ 1 years, 
and then only if all m lives have survived that period. 
Its value is given by 

, 

825,796 924.099 
U22,338 
gzn,510 

918.606 
BIG, 621 
914,546 
912,375 
910,099 
807,707 

__.__.__._- 

In evaluating both these expressions, the powers of v 
,can be obtained from compound interest tables; and the 
annuity value involved in the last expression can be 
calculatccl by the method oi the preceding scction, since 
it involves only ages 17 and over. For oonvenionce, the 
powers of 21 8s far as vI7 are given in table S for the four 
rates of int,erest for which joint lifc annuity valfies ap- 

TABLE S.-PRESENT V A L U E  A T  COMPOUND INTEREST OF ONE 
U N I T  DUE AFTER 1 YEARS,  INTEREST AT 2, 2%, 3, AND 4 
PERCENT 

1 PRESEAT V A I . T E  O F  O S E  O’=(l+i)-’ 

755,705 773,805 
737,942 
720,482 

703,247 
688,226 
669,458 
652,936 
636,651 
6x),580 -- 

8,560,473 

0. 975810 
,951814 
,92855‘9 
,005951 
,893854 

,862297 
,841265 
,820747 

.75119R 

.762145 
,743558 
.725420 
,707727 
,690466 

.673625 

.657195 

. ~00728 

_- 

- 
3 pcrccnl 
.____ 

0 OX874 . Y425SG 
,915142 
.6.48487 
,862609 

.83i484 

.XI3092 

.789409 
,76641 7 
,744094 

,722421 
,703380 
.680951 
.661118 . 641662 

. 623167 . GO5016 

4 i!erccnt _ 
0.901538 
,924556 . 888996 
,954804 
.821927 

. i91J315 

.759918 

.io25137 . Oi5564 

. fd9551 

.624597 

.I300574 

.si7475 

.555265 

.533908 

.513373 

.73nti~o 

pear in tables 39 t6 42. Values beyond vI7 never occur 
in thc expressions (7) and (8) since 17 years is the maxi- 
mum duration of the temporary annuity. 

As a numerical illustration, let it  be required to find 
the present value a t  2 percent interest of an immediate 
joint whole life annuity of one per annum on three joint 
lives aged 5, 10, and 20.. Now, the difference between 
the youngest age and 17 is 12 years; therefore, the tem- 
porary annuity will run for 12 years a.nd the deferred 
annuity will have a 12-year defermcnt period. Table 
T shows the calculat~ion of the temporary annuity. The 
main part of this table, which appears under the cap- 
tion “numerator,” represents the calculation of the . 
exprcssion witliin the square braclrcts in formula (7). 
The figures in column 6 of the table are the numerical 
values of the successive terms in this expression, the 
figures in columns 2 to 5 being the factors which must 
be multiplicd together in order to obtain the valu’e in 
column 6. For’example, the sixth linc (which corre- 
sponds to the sixth term insidc the brackcts) shows the 
ealculdtion of the product ue &1z&& Here, the sub- 
scripts of the “Z’s”, 11, 16, and 26 have been obtained 
by adding 6 to each of the original ages 5, 10, and 20. 
The values are obtained from table 38. The powers of 
v are taken from table S. The “total” figure in column 
6 of table T is tlie numerical value of the entire expres- 
sion within the brackets in formula (7). The line under 
the heading “denominator” shows the calculation of 
the denominator of the fraction outside the brackets, 
and the final figure (10.3078) in column 6 is the value 
of the tcrnporary annuity. 

’ 

. 

By formula (8), tlie deferred annuity is equal to 

a17.22.32 
v12117122132 

~ 6 ~ 1 0 1 2 0  

T A B L E  T.---CALCULATION O F  PRESENT VALUES OF A 1 2 - Y E A R  
IMhlEDIATF: TEMPORARY JOINT LIFE ANNUITY O F  O N E  P E R  

IZED MORTALITY T A B L E  FOR T O T A L  WHITES I N  THE U N l T E D  
ANNUM ON THREE J O I N T  LIVES ACED 5, 10, AND 20: MAREHAM- 

STATES, 1939-1941, I w r E R E s T  AT 2 PEHCEST 

. COM,F’UTATION OF NUMERATOR I 

Total of nu- 

__- 
941,473 
940,595 
939,637 
938,594 

, 937,464 
936, 242 

934,926 
933,509 
932,055 
930,561 
929,023 
927,436 

COMPUTATION OF DENOMINATOR I_-_ 
0 .__...._____. :.-.-..-I 1.000000 1 945.128 I 942,276 1 930,561 I 
Quotient: ( ( 1 ~ ~ 0  20:1?1) 8,560,473+830,486 equals .___________ _ _ _  _ _ _ _ _  ~ _ _ _ _ _ _  

830,488 

10.3078 

, 
r 



96 

5 _ _ _ _ _ _  
lo----- 
20 .-... 
30.-..- 
40 .-... 
50.-... 
MI----- 
70..,.. 

UNITED STATES LIFE TABLES AND .ACTUARIAL TABLES 

Exact 
method 

-___ 
24.7040 
24.1290 
22.6431 
20.5563 
17.53Ml 
14.5309 
10.R820 
7.2915 

The arithmetic can be shortened by observing that the 
numerator of the fraction in this expression is identical 
with the final term within the brackets in the expres- 
sion for the temporary annuity (and therefore with the 
twelfth entry in column 6 of table T), while the de- 
nominator is the same as the denominator of the tem- 
porary nnnuity. Therefore, the value of the fraction 
is 620,590~830,486, or .747261. Since the annuity 
a17:22:32 involves no ages under 17, it can be evtduated 
by the method of the preceding section, in which the 
equivalent equal age is obtained by taking the arith- 
metic average of p17, pZ2,  and p32. This gives pw=.00198, 
from which t.he equal age u) is found by interpolation 
to be 25.44. Interpolating in table 39 then gives 
awww=22.2995. It follows that the value of the de- 
ferred annuity is ,747261 X 22.2995 or 16.6635; and 
finally the desired value aaZlnno is the sum of the values 
of tho temporary annuity and the deferred annuity: 
that is, 10.3078+16.6635, which gives 26.9713. 

I n  the short method, the entire whole life annuity 
is first evaluated by finding an equivalent equal age, 
in much the same way as when no life below age 17 
is involved, and the value is then corrected by means 
of the adjustment factors tZ given in table U. If two 
or four lives 'are involved, this approximate value may 
be obtained from the table of uniform seniority (table 
37, p. 80) as explained on page 94. If the number of 
lives is other than two or four, the equal age for the 
approximate annuity value is obtained from the values 
of p, as follows: 

First., add h to each of the ages a:, y, 2, . . . (m) ,  where 
h is the difference between 17 and the youngest age. 
Next, find the equal age w' for these augmented ages 
by averaging the corresponding values of p, as explained 
on page 94. Then the equal age for the approximate 
annuity value awww. . . (m). is w=w'-h. 

This approximate annuity va.lue fs then adjusted 'by 
the formula: 

(9) 

, .  

. 

.. 

(Tu) 
T,T, t,. . . (m)awww - * 'm) arvr. . . cm)= 

----___. 
23.2789 
21.2896 
18.56og 
16.1764 
11.3Q95 
7.~409 

approximately. The adjustment factor r, is defined as 
p - h , ,  where A, denotes the alue which would he ob- 

equals unity at  ages 17 and above. This method is 
due to George King who has given a full explanation 
of the rationale of the method." 

Taking as an illustration the same numerical example 
previously used, the addition of 12 years to the original 
nges 5, 10, nnd 20 gives 17, 22, and 32. The equal age 
corresponding to these three ages is found, just as in 
the evaluation of the deferred annuity in the other 
method, to be 25.44. Subtracting 12 years gives 13.44 

tained for 2, by the Makeha A formula. Therefore, r, 

_ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
23.2824 22.8450 22.84% 
21.2931 21.0123 21.0123 
18.5644 18.3989 18.3890 
15.1796 15.0885 15.0885 
11.39?7 11.3447 11.344fi 
7.6443 7.6205 , i . t ~ n t i  

14 King, op. rit., pp. 208-212. King's warning against using this approximation in 
connection with age3 be!ow 15 does not apply to the makehamieed table published 
In this volume, since the present table follows Makeham's law down to a much 
younger ai:c than the mortality table to which King wm referring. ' 

TABLE U.-ADJUSTMENT FACTORS FOR ESTIMATING VALUES OF 
JOINT L I F ~  ANNUITIES INVOLVING LIVES UNDER AQE 17: 
MAKEHAMIZED MORTALITY TABLE FOR TOTAL WHITES IN THE 
UNITED STATES, 1939-1941 

c 

A a E  I ADJUSTMENT PACTOR 

for the equivalent equal nge w. By interpolating in 
table U, rw is found to be .99943; while interpolation in 
table 39 gives aW,,=26.9030. Formula (9) then 
becomes: 

( T W l 3  

Ts r10 T20 

which, on substituting the numerical values, gives 
26.9878 as  the final result. This compares favorably 
with the value 26.9713 obtained by the exact method, 
and of course involves much less computation. 

Table W presents a comparison of the values of whole 
life annuities on two joint lives computed at  3 percent 
interest for various combinations of ages by both the 
exact and approximate method. This comparison shows 
that, at  least in the case of two lives, the approximate 
method always gives sufficiently accurate results for 
most practical purposes. Any increase in the number 
of lives would decrease the value of the annuity, and 
therefore ivould, in general, reduce further the range of 
error. 
TABLE W.-COMPARISON OF WHOLE LIFE ANNUITY VALUES ON 

Two JOINT LIVES, COMPUTED BY EXACT AND APPROXIMATE 
METHODS:' MAKEHAMIZED MORTALITY TABLE FOR TOTAL 

3 PERCENT 

a w w w  a6:10:20= ~ 

I 

. 

WHITES IN THE UNITED STATES, 1939-1941, INTEREST AT 

I 
AGE OF - 

LIFE 
OLDER - 

4pproxi 
mate 

method 

24.6976 
24.1555 
22.6594 
20.5733 
17.8461 
14.5462 
10. 89WJ 
7.3024 

AaE OP YOUNCER LIFE 

- 
Exact 

method 

- - - - - - -. 
25.0511 
23.5756 
21.4683 
18.0593 
15.2258 
11.4109 
I .  6476 
- 

5 
- 
4pproxl. 

mate 
method 

- - - - - - -, 
25.05332 
23.6888 
21.4820 
18.6732 
15.2393 
11.4241 
7.6588 
- I I I . 

I For dcscription of these two methods, soe text, pp. 85-96. 
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Calculation of net values of reversionary and last 
survivor annuities, and assurances involving two 
or more lives 

Net values of various types of reversionary annuities 
and last survivor annuties and assurames can be 
calculated from joint life annuity values and joint pure 
endowment values by means of the formulas of table R. 
The symbols used in this table represent the net present 
value of the benefit described in the third column when 
the amount of each individual payment (in the case of 
an annuity) or of the sum hsured (in the casc of a11 
assurance) is unity. When (as is usual) .the payments 
are of some other amount, it  is only necessary to 
multiply the value for a unit payment by the amount 
'of the payment.I6 

It will be noted that most of the assurance formulas 
in table R involve the rate of discount d. Values of d 
corresponding to all the interest rates for which values 
are tabulated in this volume are given in table Y. 

. .  

d. It should be carefully noted (as already skated on 
p. 92) that the formula for lase survivor annuities 
analogous to formula I1 of table R, and the formula for 
last survivor assurances analogous to formula XIV, do 
not hold true. I t  is also important to understand (as 
previously mmtioned on p. 92) that the principle of 
uniform seniority does not hold for reversionary or last 
-sui.vivor annuities. It is necessary first to express the 
values of such .annuities in. terms of ordinary joint life 
annuities, and then to evaluaite the latter. 

Example 5.-On the basis of the makehamized mor- 
tality table for total whites in the United States in 
1939-1941 and interest at  2% percent, find the net 
annual premium for a whole life Idst survivor assurance 
of $3,000 on three lives aged 35, 39, and 54, premiums 
being payable throughout the duration of the contract. 

SoZution.-Ibpection of formula XVI of table R 
shows that %he value of a last survivor annuity is first 
required. This; in turn, is given by fomula V. By 
referring to table 40 and employing the methods previ- 
ously described, the values of the various annuities 

. 

1' Strictly speaking, these symbols.dso imply lbat all'payments are made on anni- 
versaries of the original agrecment or contract. In practice, this Is often not the a c e .  
For example, life insurance companies usually pay the sum insured under a life 
assurance immediately on receipt of completed proofs of death, while paymentsunder 
a reversionary annuity arc frequently made on anniversaries of the death upon the 
occurrence of which the annuity commenced. It is usual, however, to ignore these 
refinements or (in the c s ~ e  of contracts issued by life insurance companies) to include 
them In the allowance for expenses and contingencies which forms part of the gross 
premlum actually charged. 

which enter into the latter formula are found to be as 
follows : 

a35= 22.3898 h s : a g =  18.2354 
&g=20.8985 ~ aa5:(14= 13.6797 
a,= 14.6737 (~ag:M= 13.3686 

&kaO:a=: 12.5766 

substituting in fornula V gives aaa=25.2549.  
Table Y shows that d=.024390, and substituting in 
formula XVI gives A m = . 3 5 9 6 4 .  Therefore, 

Pamai =A=+ (1 + %3EiiZi) = 

.35964+26.2549=.01370.. - 

This is the net annual premium per unit ipsured. 
Multiplying by $3,000 gives $41.10 as the required 
net annual premium. 

Example 6.-Find the present value, on the basis of 
the makehamized United States mortality table at  3 
percent interest, of a reversionary annuity of $1,000 
per annum to a boy now aged 17, to commence as soon 
as his father aged 48 and his uncle aged 42 have both 
died. 

Solution.-This annuity is represented by the symbol 
~ ~ 1 1 7 .  Formula XXIII of table R shows that the 
present value per unit of payment is a17-alk,,-al,4s 
+a1,41:48. Using table 41 and the methods previously 
explained gives 

. 

all =25.2243 a17:48 =15.7524 
U17:42= 17.7209 ~17:41:@= 13.7237 

Substituting these values gives UG117=5.4747. 
Finally, multiplying by $1,000 gives $5,474.70 as the 
present value of. the reversionary annuity. 
Estimation of joint life annuity values based on the 

separate life tables for white males and white 
females 

It is often desircd to take sex into consideration inthe 
calculation of joint life annuity values: that is, to assume 
in the computations different rates of mortality for 
tpales and females. However, in the preparation of 
the joint life tables in this volume, it was found im- 
practicable to prepare separate tables for males and 
females, because it was not possible, without consider- 
able distortion of the rates of mortality, to make sepa- 
rate Makeham graduations of the life tables for males 
and females, and at the same time preserve the neces- 
sary relationship between the Makeham constants under 
the two tables so as to have the law of uniform seniority 
hold for annuities involving both male and female 
lives. It-was desired, therefore, to devise a method of 
approximating the vdues of joint life annuities based on 
the separate tables which would not be laborious, and 
at the same time would give reasonably accurate results. 

After experimenting with a number of possible 
methods, two were selected as meeting satisfactorily the 
requirements stated.' Both these methods consist in 
entering the annuity tables based on. the makehamized 
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1 mortality table for total whites with appropriately 
adjusted ages. In  general, the adjustment takes the 
form of an addition to the age in the case of males and 
a deduction from the age in the case of females. In  
the first method the adjustment is a very simple func- 
tion of the age. In  the second method.the adjustments 
are more accurately determined, and the closeness of 
the approximation is somewhat improved. 

In  the first and more rough method, the addition or 
deduction, as the case may be, is 2 years up to and in- 
cluding age 50, graded down to 0 at age 90. The 
adjusted ages corresponding to ages 51 to 89 a.re given 
in table 2. In  the second and more refined method, 
the single Z;fe a.nnuity corresponding to each of the lives 
involved is first obtained from the annuity tables (not 
makehamized) for the separate sexes (tables 20 t o  
24 and 31 to 35): The next step is to enter with these 
single life annuity values the iingle life annuity column 
based on the makehamized mortality table for total 

,whites, a.nd to find the age corresponding to each an- 
nuity value. This is taken as the adjusted age for the 
life in question. The following illustrations will make 
tjhe procedure clear. 

' 

. I  

TABLE Z.-ADJUSTED A Q E ~  TOBEUSED INENTERING JOINTLIFE 
ANNUITY TABLES RASED ON THE MAKEHAMIZED MORTALITY 
TABLE FOR TOTAL WHITES IN ORDER TO APPROXIMATE VALUES 
BASED ON THE MORTALITY OF THE SEPARATE SEXES: UNIPED 
STATES, 1934-1941 

ADJUSTED AGE 

ACTUAL AGE 1 Male 

17-50 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .___ __.____ Add 2 years I 
52.95 
53.90 
64.85 
55.80 
56.75 

57.70 
68.65 
59.60 
60.55 
61.50 

62.45 
63.40 
64.35 
65.30 
66.25 

67.20 
68.15 
69.10 
70.05 
71.00 

71.86 
72.90 
73.85 
74. ffi 
75.76 

76.70 
77.65 
78.60 
78.65 
80.50 

81.45 
82.40 
83.35 
84.30 
85.25 

Female 

?educt 2 years 

4% 05 
60.10 
51.15 
52.20 
63.25 

64.30 
65.35 
66.40 
57.45 
58.60 

59.55 
60. BO 
6 65 
6k 70 
63.75 

64.80 
65.85 
66.00 
67.95 
69.00 

70.05 
71.10 
72.15 
73.20 
74.25 

75.30 
76.35 
77.40 
78.45 
7% 60 

80.55 
81. GO 
82.66 
83.70 
84.75 

85.80 
86.86 
87.90 
88. 5 

No chan~e 

f 

Ezumple 7.-Find the approximate value of a jointlife 
annuity of one per annum on two white male lives at 
ages 40 and 60 on the basis of the 1939-1941 life tables 
with interest at  3 percent. 

SoZution.-By the rough method, the adjusted a'ges 
are 42 and 61.50. The difference between these ages is 
19.50 years. Entering the table of uniform seniority 
(table 37) with this value and interpolating gives 
13.5195 years as tshe necessary add'ition to the younger 
age. Adding 13.5195 to 42 gives 55.5195 as the equiv- 
alent equal age. Interpolation in table 41 shows the 
value of a joint whole life annuity on two lives aged 
55.5195 to be 10.1242 which is the required aitproximk- 
tion by the first method. 

By the second method, the values at  3 pkrcent 
interest of single whole life annuities a t  n.ges 40 and 60 
are found (table 22) to bc 18.4247 and 10.9775. In  the 
makehamized mortality table, the single life annuity 
value 18.4247 corresponds (table 41) to age 41.906,- 
while the value 10.9775 corresponds to age 61.409. 
These are taken as the adjusted ages. The difference is 
19.503 years, which gives 13.522 years for the addition 
to the younger age. Adding this to 41.906 gives 55.428 
for the equivalent equal age. The value of a, at this 
age is 10.1594. The true value is 10.1234.- In this 
case, it happens that ths rough method gives a result 
closer to the true value. 

Example 8.--E'ind the approximate value of a joint 
life annuity of one per annum on a white male life at . 
age 53 and two white female lives at  ages 27 and'48, on 
the basis of the 1939-1941 life tables for white mdes 
and white females with interest a.t 2'percent. 

Solution.-By the rough' method, the adjusted ages 
are 54.85, 25, and 46. By averaging the values of pr,  
the equivalent equal age is found to  be 47.22, and tho 
estimated annuity value is 12.5498. 

As a first step in applying the second method, it is 
found (table 20) that the value of a53 a t  2 percent inter- ' 

est for white males is 15.1740, while an and ads at the . 

same rate for white females are 28.4115 and 19.3285, - 
respectively (table 31). If these are considered as I 

single life annuity values 'under the makehamized 
mortality table with 2 percent ihterest (table 39), the 
corresponding ages would be 54.68; 24.83, and 46.04. 
Obtaining the values #of pz for these ages by interpola- 
tion and averaging them gives 47.13 as the equivalent 
equal age. 

A comparison of exact values with those obtained by 
both methods of approximation just described for cer- 
tain selected 'combinations of two lives is presented in 
table AB. As previously stated, the more refined age 

the majority of instances, although for the case of two 
male lives, the rough age adjustment appears to be 
slightly better. The more r ehed  method has the 
theoretical defect of producing values which are always 
in excess for two male lives and always in defect for two 
female lives. An improvehent could no doubt be . 

~ 

The resulting annuity value is 12.5905. 

. 

adjustment gives results closer to the actual values in 
C '  

. .  
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20.0183 
IO. 7197 

21.3511 
11.9638 

20.4298 
10.7860 

99 

-__-I---------- 

20.0628 20.07Gl 
10.7093 10.7419 

21. 2182 21.2864 
11.8876 11.9531 

20.3697 20.4145 
10.7481 10.7846 

TABLE AA.-II\I1\1EDIATE WHOLE LIFE ANNUITIES ON T W O  JOINT LIVES OF SPECIFIED S E X  FOR SELECTED COMRINATIONS OF AGES- 
COMPARISON OF EXACT VALUES BASED ON SEPARATE LIFE TARLES FOR WHITE MALES AND WHITE FEMALES WITH APPROX- 
IMATE VALUES OBTAIKED FROM THE MAKEHAMIZED MORTALITY TABLE FORTOTAL WHITES: UNITEDSTATES, 1939-1941, INTEREST 
AT 3 PERCENT 

Value by Value by  
Exact value rough age reflned age 

I adjustment adjustment - _ _ _ _ _ _ _ _ _ _ _ ~  
5.8823 5.9324 5.9212 

6.7798 6.6881 6.7185 

6.2217 6.1Q97 6.1908 

1 

BEX AXD DIFFERENCE IS A G E  

Value by Value by 
Exact value rough age refined age 

adjustment adjustment ~- 
3.2195 3.2934 a. 2466 
3.6502 3.6018 3.6423 

3.3858 3.4261 3.3870 

Both male: 

Both female: 

Malo and female (ninle the older): 

10 years __________._ ~ ___._ .-- _ _ _ _  
10 yea rs...... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
40 years- ~ __._ _ _ _  _ _ _ _  _ _ _ _  .- ___. ~ _ _ _  
10 years. _ _  - ~ ~ _ _  - -. _ _  -. ~. -. - -. 
4 0  years.’- _...__. ___. _ _ _  __.________ 

I 40 years- _ _  ________._____. _ _ _ _  _ _  

~- 

Exact value 

_- 
8.2616 

10.~05 

9.7427 

SEX AND DlFFERElCE IN A G E  __- 
Value by Value by 
rough age reflned age 

adjustment adjustment 

9.2845 9.3303 

10.5446 10.5883 

8. 6887 9.7135 

Both male: 

Both female: 

Malo and female (male the older): 

10 yean. _ _  . ______ _ _ _ _ _ _  ~ ___. . _ _ _ _  
10 yean-.. - - - _ _  - ~ ._ - _ _ _ _  -. - ~ ~. 
10 yean 

AGE OF YOUNGER LIFE 

’ 30 

I---+---- 

16.7529 1 16.7667 1 16.E031 
7.1412 7.1731 7.1439 

18 1513 18.2119 
I;: gi: I 7: 9023 I 7.9257 

17.1822 17.1310 17.1751 
7.1829 I 7 2093 I 7.1804 

Value by Value by 
Exact value rough age reflned age 1 1  adjustment adjustment ~- -\::;I 4.1470 1:;::; 1 13.0805 4.1528 

14.5549 14.5667 E% 1 4.5126 1 4.5719 

13.4lF6 13.487-2 ‘43: !8”; 1 4.2448 1 4.1810 
i 

A G E  OF YOUNGER LIFE 
--____ 

60 70 I 

1.Themethod Of adjusting ages in the “rough age adjustment” and lbe “refi~ed age adjustment” mentioned in the headings of this table I s  explained in the text, p. 88. 

devised which would overcome this difficulty, but it is 
doubtful whether the point is of enough importance, 
in most practical applications, t o  justify sacrificing any 
of the simplicity and convenience of the method as 
given. 

The estimation of joint life annuity values based on 
the separate life tables for white males and white females 
is a more complicated process when some of the lives 
involved are undcr age 17. The “exact method” 
described on page 95 can always be used, provided the 
1, values in formulas (7) and (8) are taken from thc 
separate life tables for males and females, and the age 
adjustment described in this subsection is used only in 
calculating the annuity vqlue. a,+h:v+h:r+h:.  . . in 
formula (8). All the ages involved in this annuity are 
17 or over, and the age adjustment may be made either 
by mcans of table Z (rough method) or by the more 
refined method just described. 

If it is desired to use the shorter approximate method, 
described on page 96, in which an approximate value of 

the whole life annuity is obtained by finding an equiv- 
alent equal age and then corrected by means of the 
adjustment factors T= given in table U, the equivalent 
equal age must be found by the more refined method 
last described, since the age adjustments indicated in 
table Z are not applicable to ages under 17. However, 
even the more refined method of age adjustment fails 
to give a definite value.for the adjusted age at  age 0 
for males and a t  ages below 5 or 6 (depending on the 
rate of interest) for females. Hem it is necessary to 
calculate the annuity value either by the exact 
method” described on page 95, or a similar method 
employing in formulas (7) and (8) a small value of h 
sufficient to make’ all- the augmented ages z+h, y+h, 
etc., a t  least 1 for males, and at  least 5 or 6 (depending 
on the rate of interest) for females. The annuity value 
in formula (8) can then be evaluated by usilig the 
refined” method of age adjustment to obtain an equal 

age and then applying the t, factors of table U to adjust 
the approximate annuity value based on this equalage. 

( I  

( (  



PART V 

METHOD OF CONSTRUCTION AND GRADUATION OF THE LIFE TABLES 

The cntire process of constructing a life table consists 
of three major steps: (1) the preliminary adjustment of 
the population, birth, and dea.th statistics which are to 
be uscd, in order to remove any .errors and biases for 
which corrections n.re available or can be dcrived; and 
the approximation of certain dctailed distributions of 
the data, needed in the computations but not available 
from the actual tnbulnkions; (2) the calculation, from 
the adjusted data, of the rates of mortality for each 
year of age, which form.the busis of the life tables; and 
(3) the computn.t,ion of the remaining life tn.bIe values. 
Of these, t.he first step is by far the most dficult. While 
the second step requires technical skill and the excrcise 
of judgment, va.luablc assistance is provided by the 
large body of literature on the subject and the accumu- 
lated experience of actundics in the construction of life 
tables. The third step involves littlc more than the 
routinc application of standa.rd formu1-a.s. How-ever, in 
making the preliminary adjustment of the data, it is 
necessary to break new ground, as coniparatively little 
attention h'as been given to this subject, and, besides, 
t.he dn.ta of each country a,nd cnch cpocli prcsent tlieii. 
own peculiar problems, so that pnst cxperiencc is not a 
satisfactory guide. 

The following description of t,hc methods nnd proc- 
esses used is divided into three ninin sections correspond- 

, ing to the three major steps in the constmction of a 
life table. 

A. PRELIMINARY ADJUSTMENT OF THE 
DATA 

In  this section, the descript,ion of the rnrious prc- 
1iminn.ry adjustments made in thr data of births, dea.tlis, 
and popnlations lins been armnged in approximately 
the order in whidi the various operations WCI'C actually 
carried out.. This order was adopted in order to avoid 
complicating unnecessarily t ~ i c .  expIann.tion of many 
of the steps, but does not corrcspond to any systematic 
cla.ssificat.ion of 1.he various a,djustments by either the 
purpose of the adjustment or tbc, class of data inrolved. 
The ndjustmcnts made arc of four t.ypcs: (1)  those 
-intended to correCt fof. incompletencss of reporting, 
(2) those necessitated by incomplete or inaccurate age 
stat-ements, (3) those intended to eliminate roughness 
duo to the small volume of data in certain classifications, 
and (4) the estimation of ce.rtn.in figurcs needed in the 
construction of life tables but not available from actual 
tabulations. Adjustments of the first type were con- 
fined to statistics of births and infant deaths. In the 

. 

. 

latter cas&, the adjustment of (a) thc total infmt 
deaths, and (b) the figures for subdivisions of thc first , 

ycar of life are separately discussed. The second type 
of adjustment includes the treatment of deat.lis for 
which a,ge was not reported, and the rcdistribution of 
Negro populations and deaths at, ages 55 to 69. Thc 
only adjustment of the third type was a redistributioii 
by month of age of deaths at ages 1 month to 11 mont,hs 
of nonwhite infants othcr than Negroes. The principn.1 
adjustment of the fourth t>ypc is that madc for thc 
change in the distribution of population between April 
1,  1940, the date of the census, and July 1, 1940, the 
date on which populations werc needed for the purpose 
of life tablc construction. Also included in this category 
is the estimation of the distribution by single years of 
agc of the foreign-born population under age 5,.this 
bcing needed for a special purpose, as explained later.' 
Accuracy of the data 

It ha.s becn stated that the life tables in this Folume 
n.re ba.sed on thc rcsu1t.s of the 1040 census of population 
and the ta.bula,tions of reported deaths in the conti- 
nental United States for the 3 years 1939-1941. In  
deriving life tnblc vdues for ages under 5, usc was 
made also of the tabulations of reported births for tlic 
years 1934 to 1941, inclusive, and of dcnths undcr 5 
ycars of age during those ycnrs. If all thcse data acre  
known to be absolutely complete and correct,, t,he ton- 
struction of life tables from them ~vould present few 
problems. However, the data nrc affected by two 
mnin types of error: (n.) incompletencss or undcr- 
reporting; and (b) misstatement of age in popuhtions 
and deaths, which makes t,he figures too large n t  some 
agcs and too small at  others. As will be explained 
later, some adjustment hns been mnde for errors of 
type (b) through the graduation of the (lata, and, in 
the case of the Negro data, by a prcliminmy rcdidri- 
butiou of the numbers in certain ngc groups for which 
this typc of error was believed to bc cspcciaJly markctl. 
ExceRt in thc case of statistics of .birt,hs nnd infant 
deaths (those occurring at agcs under 1 year), no 
attempt has been made to adjust for errors of type (a). 

If it should happen that thc enumeration of the 
population and the reporting of deaths were both 
deficient by cxactly the mme percent, the use of the 
.inadjusted figures would produce exactly the correct 
nort9lity rates. Howevcr, if the reporting of deaths 
rhoulcl be morc complctc than the enurneration of 

' 
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population, the rates of mortnlity would be overstated 
by using the reported figures. If, on the contrary, the 
enumeration of Population ~hould be more complete 
than the registration of deaths, the mortdity rates 
would be understated. using the unadjusted data 
thus involves the assumption that the-reporting of deaths 
and the enumeration of population have the same degree 
of completeness. It would be a remarkable coincidence 
if this were exactly true. It would be even more 
remmkable if it were true, not in the aggregate 
but within .each of the various subdivisions by sex, 
race, and age, for which rates of mortality have beell 
calculated. This assumption has beenmnde then, not 
because it is belicved to be precisely correct, bul 
because specific information regarding trhe relative com- 
pleteness of death reporting a'nd 
almost entirely lacking. 

enumeration is 

Completeness of birth registration 
I t  has 'long been recognized that the census,'enumer? 

nkion of children under 5, and particularly of those 
under 1 year, is markedly deficient. This is illustrated 
by the following figures relating to the 1940 census. 
The totH.1 native population enumerated as under 1 
Scar of s.ge on April 1, 1940, the date of the ce,nsus, 
is closely 2 estimated (1s 2,019,662. The s m e  p o p -  
'In.tion estimated from registered bll.t,hs and death& 
during the year ending April 1, 1940, is 2,192,557, 
which exceeds the census figure by 172,895. Since it 
is known that birth regist'ration is not entirely complete, 
the deficiency in the ce,nsus enumeration of children . 
under 1 year of age is actually greater than that num- 

' 

1 The only estimation involvctl is in determining the deduction for foreign-born 
nonwhites which me given only by 5-year age groups and only for the principal non. 
white races. By the most liberal estimate, the number (If thcsr is less than 100. 

UTATE 

-. 

Percent com- Percent com- 
Registered pleteness.* Adjusted Registered plateuess,l Adjusted 

1939-1941 to 1939-1841 1939-1941 to 1939-1941 
Mar. 31,1940 Mar. 31,1940 

births, Dec. 1, 1939. births, STATE births, Dec. 1, 1939, births, . 

~ - - - -  
135,089 Nebraska _ _ _ _ _ _ _ _  __-. _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _  _ _  
31.658 Nevada _____..__________________________ 

109,587 New Hampshire. ____________________.-- 
332,128 New Jersey--. .. _ _  _ _  _ _  ---I _ _ _ _ _ _ _ _  - - .-. . 
69,312 New Mexico __.._________ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
78.862 ' New York _ _ _ _ _  -.- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _  -. . . 
11,991 North Carolina. _ _  ________.__________ __. 
22,374 North Dakota. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
80,354 Ohio _ _ _ _ _ _ _ _ _ _  _ _  __________._______ _ _  _ _  _ _  

142,386 Oklahoma _ _ _ _ _  - - - _ _ _ _ _ _ _ _  -. - _ _ _ _ _  - - - - - - - 

NONWHITE 

65.183 
5,820 

24,651 
170,310 
42,192 

562,717 
165,346 
38,013 

331,037 
120, 695 

97.0 
97.5 
.@. 6 
99.0 
91.2 

99.0 
88.4 
94.8 
95.3 
87.0 

97.3 
97.1 
98.8 
82.7 
96.8 

81.4 
89.3 
97.1 
87.3 
92; 5 

98.0 
86.7 
96.9 
95.9 

Connecticut-- _ _ _ _ _ _ _  _ _  ___.________.r_-_ ~ 

Delaware ___________________________: _ _ _ _  
District of Columbia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Florida _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Qeorgia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A- 

Idaho _ _ _ _ _ _ _ _ _ _ _ _  _ _  - - _ _  - _ _ _  _ _  _ _  _ _  - _ _ _ _ _ _  - 
Illinois _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  ________. 
Indiana _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _._________________ 
Iowa _____________________________________  
Kansas. ___. _ _  _ _  _ _ _  - - _ _ _ _ _ _  _ _  _ _ _  _ _  - _ _  -. 
Kentucky-- - _ _ _ _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . .  
huislana _ _ _ _ _ _ _ _ _ _ _  - - _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  - 
Maine _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Maryland _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Massachusetts _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Michigan _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Minnesota ._____________________________ ~ 

Mississippi _ _ _ _ _ _ _ _ _  - _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  - 
Missouri _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 .___ . Montana _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

67.199 
5,969 

25,001 
172,030 
46,263 

668,401 
187,043 ' , 
40.183 

347,363 
138,730 

76.401 99.4 
11.655 ' 97.2 
22.038 98.5 

91.3 
83.6 

73,363 

34.248 95.1 
358,550 97.3 
178,893 96.6 
133,517 94.7 
85.w 95.6 

178,200 89.2 so, 537 87.7 
46,148 96.3 
78. 610 97.8 

195,356 88.9 

288.311 97.9 
155 384 99.3 

172,458 80.7 
32,104 88.0 

119,035 

7l:OO8 93.8 

53,703 - . 
485,170 
32.489 
82,457 
35,178 

36,013 
368.488 
165,189 
140,989 
89,282 

189,776 
103,235 
47,921 
80,378 

107,529 

174.874 
376.894 
40,438 
21,045 

13.5,521 

Oregon ________________'  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  52,253 
PCIlIlSylVania _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __. - -. 471,586 
Rhode Island- ~ _____________.___ _ _  ____._ 32,109 
South Carolina _ _ _ _  ._______________ _ _ _ _  _ _  68,192 
South Dakota ..__._________.____________ . 33,982 

Tennessee _ _ _ _ _ _ _  .___ _____.______________ 142,185 
Texas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  336,568 

39,265 Utah ________________.________ I _ _ _ _ _ _ _ _ _ _  
Vermont _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  m. 477 
Virginis _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _._____.____ _ _ _ _ _ _  125,357 

84.939 
140.397 
169,579 
15,805 , 

294,495 
156,489 
75,699 

180.139 
32,759 

Washington--- _.__ ._______________._____ 83.240 
West Virginia- ________?  _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _  - 121,724 
Wisconsin--- . . . . . . . . . . . . . . . . . . . . . .  ~ __.__ 164,322 
Wyoming--- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  15,157 

80.6 
94.0 
80. 1 
9 2  9 
87.6 

Alabama _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  72,008 82.6 
Arizona ______.______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  4.288 48.4 

63.2 A r k a m  _ _ _ _ _ _ _ _ _ _ _ _  :- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Colorado _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 80.4 

97.9 
38.6 
96.9 
86.4 
77.6 

CfdifOmia _ _ _ _ _ _  _ _ _ _  _ _  - - ~ - _ _  .- _ _ _  _ _ _ _ _  _ _  - - 

83.7 
94.1 
98.0 
94. 0 
97.2 
86.2 

87,177. Missouri ________.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  12,521 
8,862 Montana ___._.__.___________----------.. 
43,408 Nebrsska ________________..____) ~ _ _ _ _ _ _ _  
15,818 New Jersey-_- _____________.____ __. . . . _ _  14,048 

1, g 
888 New Mexico _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1,585 

13.285. North Dakota .__________________________ 1.272 
35,105 Ohio __________.__. ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  18, e48 

100,561 Oklahoma _______. ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13,572 

1,980 New York _________________.____________ 
I 2,330 NorthCarolina.. _________________. ~ _ _ _ _  

40.3 

.23.283 

885 
3,483 

11,209 

6,862 ' 
Oregon ____________. ~ __._._..________.___ 

Rhode Island.. - _ _  __________________. _ _ _  
South 
aout 

PCIlMYlVda- __._________________ _ _  _ _ _ _  
h Dakota _._________________________ 

78.205 

3% 
13,268 
2.059 

102,206 

75.1 
8 8 7  

88.7 
81.3 
93. a 

m. 2 

15.140 
2,189 
1,053 

14,234 
3, a83 

a 1 . m  
97.330 
1,338 

19,802 
20,287 

I Qrove. Robert D., Studies In Completenus of Birth Regfatration. Part I, ComplChe88 o/Blrth Repiatration, Unfted States, Dee. I, IN#, to Mar. 51,lOlO. U. 8. Bmau of 
'The States el Idaho, Ma/& Nevada, New Hampshm, Utah. Vermont, and Wyomhg, wch of which reported less than WO nonwhite births in the period 1939-1941 

the Census. Vital Statistics-S cial Reports, vol. 17. No.1!8, p. 228, 1943. 

are omitted. 
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ber. For this rca,son birth sta.tistics wcrc rclicd upon 
in obtaining n population base for the rate of rr.ort,alit,y 
in the first year. This 1-aises the question ns t,o how 
completely births are rc.portcd. 

Following the 1940 ccnsus, thcre l.)ccanict uvaih hlci 
for the first timc reliible inforniatiou n a  to the complcte- 
ness of birth registraiion in thct Unitcd Stat,es. This 
information was obtained by plqariiig special infnnt 
cards for all infants enumcratcd in the cciisus who 
werc under 4 months of age on April 1, 1940, and by 
matching t8hese cards against, copics of thc birth cer- 
tificates for all births rcport,cd ns having occurred 
betwecn December 1, 1939, n i i d  1IJ)rd 1, 1040. Copies- 
of all de,at,li certifica,tcs of infants born in this 4-month 
period werc also ohtn.incc1, nnd mn tclicd whwc possible 
witsli t.hc birth certificatcs. Tn.blc AB sliows, for whit,c 
and nonwhite sepa.rately, the number of births reported 
in each State in thc %year period 1930-1941 , the, pcr- 
cent completeness of birth rrgistr:ation as indicated 
by the tcst just described, and thc adjusted number of 
births obtained by dividing the number of rcgistcred 
births by the proportion of births registercd. In tlic 
case of the nonwhite, t,hosc States in which less than 
500 nonwhite births werc reported in the 3-yew pcriod 
have been omitted from thc ta.blc. 

Further tabulations were made for a special snmplc of 
infant cards, which yield the complctcness of birth 
registration by a more detailed racial classification for 
the United States as a whole. This sample did not 
include matching with death rccords; and, for this 
reason, 'the results obhined are probably somewhat 
more suitable for use in adjusting birth statistics to be 
employed in the construction of life tables, since those 
infants whose deaths are registered probably constitute 
a biased sample from the standpoint of birth registra- 
tion. Table AC shows, for whitcs, Ncgroes, and other 
raccs separately, the number of births rcported in the 
3-year period in the contincntal United Statcs, the 
percent completeness of registration as obtained from 
the tabulation of the sample, and the adjusted number 
of births obtained by dividing the rcgistered figure by 
the indicated proportion of births registered. 

. 

i 

TABLE AC.-REGISTERED AND ADJUSTED BIRTHS, 1939-1941, 
B Y  RACE, AND PERCENT COMPLETENESS OF BIRTH REGIS- 
TRATION (EXCLUDING MATCHED INFANT DEATH RECORDS), 
DEC. 1, 1939, TO MAR. 31, 1940: UNITED STATES 

RACE 

I I Percent 1 

White _ _ _ _ _ _ _ _ _ _  ~ __________._______._.-. 0,255, $27 03.08 
Negro-- _ _ _  __. . _..__.___________ _ _ _ _ _ _ _  - 
Other races..-. __._.___ ~ ._______ ___. _ _ _ _  81.87 1 1 75.05 

- -- ---_ - . - .. 
1 Based on tnhulation of special sample. 

A (I juslcd 
births 

G, (i5ti, 232 
1,030,271 

63,830 
_ _  - - ._ ... - 

Completeness of registration of infant Ldaths 
It has drcady been nientioiicd that all death statistics 

werc used without any adjust'ment for incompleteness of 
reporting, witah t,hc, exception of infant deaths : that is, 
thosc occurring under 1 year of age. In  the coestruction 
of 1111 tlic life tables prepared by tlic Bureau of the 
Census 'prior. to 1940, cvcn infant deaths werc not 
ndj ust.cd for undcrrcporting. Howcvcr, thcre is evi- 
dence t,hat tjhc proportion of infant deaths nbt reported 
is sufficiently large to have an appreciablc cffcct on life 
tablc values, a.nd it appcars tha.t the formcr practice of 
rclntiiig fully adjusted birth' dnt,n to unadjusted infant 
death statistics has rcsultcd in a substantial under- 
stn.i,cmcnt of the rate of mortaility a t  age 0. 

,The problcni of mnking a propcr adjustment for in- 
complete rcport,ing of infant dca.ths is a difficult one, 
becn.usc almost no infoinin tioii is avaihble bcaring 
dircctly on thc point, and an indircct method of n.p- 
proach must be resorted to. This approach is bascd on 
on examination of infant mortality rates for sub- . 
divisions of the first ycar of life. Table AD shows, for 
each Statc included in table AB, the number of deaths 
occurring in tho 3-year period 1939-1941 in each of 
scvcn subdivisions of the first, ycar of life, per 1,000 
adjusted births (table AB) in t.hc same pcriocl. With 
the cxception of the column pertaining to deat,hs under 
1 day of age, thcsc figures cannot be regarded as mortal- 
ity rates in the true scnsc of the word, a,s thc denomi- 
nator used was, in each case, thc number of births for the 
year, and not the number of survivors to the beginning 
of the age pcriod indicated. However, this rcfinement, 
would have compara.tivcly little cff ect on the com- 
parison betwcen States, which is the chief purpose in 
view. 

For coiiveilicnce in making comparisons, the various 
St8atcs appear in tn,blc AD in dccreasing ordcr of the 
completeness of birth rcgistration. A careful study of 
the tablc shows tha,t thcre is a close relationship between 
the complctencss of birth rcgistration and the actual 
level of iiifant mortality in the various States. For . 

examplc, if the 48 Stat.cs and the District of Columbia 
are ranked also according to the mortality ratc atnong 
whitc infants 9 to 11 mont.hs,of age, it is found that of 
thc 10 States having the most complete registration, 5 
arc n.lso arnong tlic 10 having the lowest mortality . 
rates. Likewise, among the 10 having least complete 
rcgisti*ution, 4 arc also among the .lO having the highest 
mortality ratcs. This is not surprising, because, 
gcncrally speaking, those Statcs having the most 
efficicnt registration arc States in which sanitation and 
public health measurcs have made relatively greater: 
progress. 

' 

I .  
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8.1 
7.6 
7.6 
8.1 
7.8 
7.9 
9.2 
8.0 

7.3 
7.6 
8.1 
8.6 
7.7 
8.7 
7.0 
7.2 
7.9 
7.8 

8.7 
1.8 
7.4 
7.7 
8.6 
7.6 

12.4 

7.3 

8.0 
8.1 
7.4 
7.7 
8.3 
9.2 
9.1 
7.7 

10.9 
7.3 
8.3 
9.4 

10.7 

8. 2 

3.2 
3.3 
3.8 
3.9 
3.6 
3.6 
4.1 
7.6 

3.8 
4.6 
3.4 
4.6 
5.0 
1.6 
3.4 
2.7 
6.9 
3.3 

4.7 
3.5 
3.5 
3.7 
4.3 
3.4 
6.6 

3.3 

4.6 
3.4 
3.7 
4.9 
6.6 
6.4 
6.9 
4.6 
9.9 
4.8 
5.1 
6.0 
6.9 

a. 4 

Connectlcut _ _ _ _ _ _ _ _ _ _ I  
Mlnnesota _ _ _ _ _ _ _ _ _ _ _ _ _  
New Jersey _ _ _ _ _ _ _ _ _ _ _ _  
Massachusetts _ _ _ _ _ _ _ _ _  
Rhode Island. _______._ 
New York _ _ _ _ _ _ _ _ _ _ _ _ _  
New Hampshire. _ _ _ _ _ _  
Dlstrlct of Columb in... 

12.6 
13.2 
11.6 
12.3 
13.0 
12.7 
14.0 
15.2 

Pennsylvania _ _ _ _ _ _ _ _ _ _  
Utah __.._______________ 
Nebraska _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Wisconsin _ _ _ _ _ _ _ _ _ _ _ _ _  
Indlana ._______________ 
Bouth Dakota. _ _ _ _ _ _ _ _ _  
Maine.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Wyoming _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Kansas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

13.4 
13.8 
12.9 
13.0 
11.0 
13.9 
13.2 
14.0 
12.9 

North Carolina _ _ _ _ _ _ _ _  
Louislana _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Oklahoma ... _ _ _ _ _ _ _ _ _  ~ 

West Virginia .__.____ 1. 
Alabama _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Georgia _ _ _ _  - _ _ _  _ _  _ _  _ _ _  - 
Bouth Carolina _ _ _ _ _ _ _  ~ 

Tennessee ... .__________ 
Arkansas _ _ _ _ _ _ _ _ _ _ _ _ _ _  

12.6 
13.0 
12. 6 
11.4 
13.6 
1 I .  6 
12.6 
10.3 
9.2 

8.4 
7. 1 
7.8 
9.1 
8:6 
9.0 
9.3 
7.6 
6.6 

5.3 
5.0 
6.0 
6. 1 
6.3 
4.9 
5.0 
6.2 
4.2 

6. I 
14.4 
16.6 
10.4 
13.6 
6.8 

13.1 
8.3 

11.3 
12.0 
12.9 
11.8 
10.6 
10.7 
14.3 
16.1 
10.3 
10.7 
12.3 

10.1 
13.9 
9.0 

10.2 
17.6 
14.7 

.9. 2 
10.8 
11.7 
9.4 

11.8 
13.8 
10.2 

11x4 

6.4 
6.3 
6.0 
8.7 
7.1 
8.3 

12.8 
6. 1 
4.8 

16.0 
7.6 
9.0 
6.1 
7.1 
6.7 
6.6 
8.3 
6.2 
8.2 

- 3.4 
10.2 
4.6 
7.3 

10.8 
10.7 

6.4 
10.8 
12.4 
10.0 
7.8 
9.3 
8.1 

4.3 

Mlss lss ippl~~-- - .  _ _ _ - _ _  
Oregon _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  
Louhiana _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mlssouri.. _ _ _ _ _ _ _  _ _ _ _  _ _  
Alabama ______. _ _ _ _ _  _ _ _  
West Virglnla _ _ _ _ _ _ _ _ _ _  
North Carollna ........ 
fiouth Dakota _____.____ 
Qeoreia _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _  

11.1 
S9. 4 
14.6 
15.4 
16.2 
16.2 
12.6 

6.0 
12.4 

11.2 
11.3 
10.6 
11.8 
10.7 
10.6 
6.0 
9.0 

11.1 

9.8 
8.3 
6.4 
8.1 
8.7 
7.8 
4.1 

12.6 
8.0 

Tennessee-.-. _ _ _ _ _ _ _ _ _ _  
Bouth Carolha _ _ _ _ _ _ _ _  
Texas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Oklahoma _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Arkansas ___.________ _ _  
11.9 
10.8 

. 11.1 
8.4 

. 6.6 
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Howover, if the comparison is made with thc mor- 
tality rates for infants under 1 day-old, instead of those 
aged' 9 to 11 months, just the opposite tendency is 
observcd, the lower mortality rates bcing recorded, in 
general, in the States with less complete registration of 

least complete registration of white births, 5 were also 
among the lowest 10 when ranked according to the 
mortality rate for white infanta under 1 day old. It 
might Le expected that mortality rates for infants in 
the first day of life would fail to show the close relation- 
ship to the completeness of birth registration which . 

- 

births. For example, a,mong the 10 States having the c 

. 

. 

TABLE AD.-DEATHB UNDER 1 YEAR PER 1,000 ADJWSTED 
BIRTHS, BY AQE: EACH STATE, 1939-1941 

I AGE AT DEATH 

- 
1.0 
1.2 
1.4 
1.6 
I .  2 
1.3 
1.6 
1.1 

1.7 
1.8 
1.0 
1.7 
2.2 
1.8 
1.6 
1.3 
1.8 
2. 8 

1.8 
1.3 
1.2 
1.2 
2.0 
1.0 

-2 .4  
2.3 
1.6 

1.9 
1.2 
1.1 
1.6 
6.1 
2.6 
2.4 
2.2 
6.8 
2.2 
2.5 
4.6 
2.8 

2. 4 
1.9 
2.3 
2.7 
2.4 
2.3 
2.4 
2.6 
2.6 
- 

WBITE 

3.3 
3.7 
3.6 
4.2 
5.0 
4.1 
5.6 
4.2 

4.4 
4.8 
3.8 
6.0 
6. 4 
6.9 
3.7 
3.6 
6. 1 
5.2 

I. 2 
3.2 
3.8 
4.4 
6.0 
3.8 
7.6 
4. 1 
4. 2 

4.7 
6.2 
4.1 
6.5 

11.0 
6. 6 
6.4 
4. 8 

14.6 
6.4 
7.8 
7.7 
7.1 

6.2 
6.0 
6.3 
7.5 
6.3 
6.6 
6.6 
6.1 
4.7 - 

3. 1 
2.9 
3.5 
3.5 
3.8 
3.3 
4.6 
2. R 

4. 4 
4.2 

4.2 
4.8 
6.7 
3.3 
2.8 
4. fi 
4.4 

4.7 
3.5 
3. 5 
3.7 
4.6 
3.4 
6.2 
4.9 
4.0 

4.3 
4.3 
3.6 
4.6 

14.3 
4.5 
6.0 
4.3 

18.4 
4. 8 
7.8 
8.8 
6. 9 

6.9 
4.9 
4.3 
6.8 
4. 8 
4.4 
6.8 
6.1 
4.4 

3. 0 

- 

1.7 
1.8 

2.2 
1.9 
1.8 
2.4 
1.7 

2.6 
2.1 
1.8 
2.0 

I 3 . 1  
2.7 
2. 1 

2.5 
3.9 

2.7 
1.9 
1.9 
2.0 
2.9 
1.9 
3.0 
2.6 
2.3 

2.7 
2/0 
2.1 
2.0 
9.9 
3.6 
3.3 
3.1 

11.6 
3.0 
4: 3 
6.0 
3.9 

3.7 
2.9 
2.7 
3.9 
3.0 
2.9 
3. 4 
3.6 
3.2 

2. 0 

2. 0 

- 

13.8 
14.2 
12. 4 
12.2 
11.8 
16.1 
12.3 
11.4 
14.4 
9.1 

Callfornla.. -. - - _ _  _ _  - _ _  - 
Montana- - _ _ _ _ _ _ _ _ _ _ _ _  
Washington .... __._____ 
Mlchlgan.. - - _ _ _ _  _ _  _ _  _ _  
Maryland ... _ _ _ _ _ _ _ _ _ _ _  
Nevada.: _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Illinois--- _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Oregon _ _ _ _ _  _ _  __.__ _ _ _ _ _  
Vermont _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
Delaware. - _ _ _  _ _  _ _ _  _ _  - - 

"was observed in the casc of the rates f i r  infdnts 9 to 11 
months old, because a large proportion of deaths occur- 
ring immediately after birth are due, a t  lenst. in part, to 
mechanical causes connected with the process of child- 
birth. The great improvement in infant mortality in 
recent ykars has, in fact, affected t'he frequenc.yof 
neonatal deaths to a much less degree than that of 
deaths occurring later in. infnncy. 

It is not, however, to be expected that the death 
rate in very early infancy would be totally unaffected 
by varying conditions in the environment. Still less I 

can it be thought that the normal relationship is actu- 1 

ally reversed,* the lower mortality rates occurring 
where conditions are less favorable. It is necessary, 
thcreforie, to look for some source of error in the mor- 
tality ratcs for hhe first day of life as shown in table 
AD, Inasmuch as these rates were obtained from 
births correctcd for incomplete registration, but with- 
out any corresponding' adjustment in the death statis- 
tics, the most natural inference is that deaths occurring 
in carly infbncy are affected by an incompleteness of 
reporting hgving, in general, the same geographical 
incidence as in the case of births. 

The relationships which led to this conclusion arc 
brought out more clearly in table AE, which shows the 
results of arranging the States in the order of the 
percent- completeness of birth registration and then 
combining them into five groups (three groups in the 
case of nonwhites) in such a way that the total number 
of rcported deaths under 1 yeah of age is approximatcly 
the same for each group used. In  the case of the.data 
for white lives, thc States of Arizona, Ncw Mexico, 
and Texas have becn omitted, because in these Statcs 
:the mortality rates for white infants in the latter part 
of the first year of life are so much higher than those 
for other Statcs thn,t the gcneral relationship would be 
obscured by their inclusion. This condition ia bclieved 
to be due to  the prescnce, in the white popuhtion of 
these States, of a 1a.rge number of Mexican agricultural 
workers in low income groups, among whom thc rate of 
infant mortality is extremely high. Except for thc 
omission of thesc 3 States from group 4, the spacing 
in' table AD indicates the pnsticular States included in 

, 

. 

I 

~ 

There are certaln factors tending to cause fewer deaths In the first day of Me when 
the general Infant death rate Is high. For example, there are probably fcwer instru. 
mental deliveries In areas of high mortality. However, the effect of such factors 
Is believed to bo small. 

' 

12. 6 
14.2 
13.0 
13.7 
14.9 
14.6 
14.9 
14.0 
17.7 
12.2 
14.0 
12.8 
10.2 

Ohlo _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Idaho-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Iowa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

North Dakota. _ _ _ _ _ _ _ _  

Mlssourl. _ _  _ _  _ _  _ _  _ _  _ _  _ _  
Colorado _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  
Texas.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Kentucky _ _ _ _ _ _ _ _  _ _ _ _  _ _  

.I 

.-1 21.4 
19.0 
15.6 
16.4 
17.2 
15.6 
19.6 
11.6 
17.8 
13.6 
16. 7 
13. 5 
'16.4 
16.8 
13.4 
18.0 
13.6 
19.1 
10.1 
14.8 
16.9 
14.7 
19.2 
14.6 
11.7 
14.7 

'8.0 
9.6 

13.7 
6.0 
6.6 
9.7 

10.6 
6.7 
7.9 

16. 7 
12.2 
8. 2 
4.2 
7.8 

10.6 
9.6 
9.2 
8.1 

23.8 
5.2 

11.3 
12.1 
9.0 

16.8 
11.6 
9.2 

8.2 
13.0 
10.8 

9.3 
10.7 
10.6 

16.1 
8.8 
8. 8 
9.3 
8.1 
8.3 
6.6 

16.1 
12.4 

10. 2 

- 

8.0 
9.3 

13.3 
6.7 
5.1 
9.7 
9.6 
6.8 
6.6 

18.0 
12.7 
8.6 
7.2 
7.9 

14. 8 
16.1 
IO. 6 

8.8 
23.3 
6. 8 
4.6 

12.6 
10.2 
12.4 

' 10.9 
7.7 

8.6 
16.1 
10.d 
9.8 
8.7 

10.6 
10.2 

13.7 
7.8 
8.6 

10.9 
7.9 
8.0 
6.2 

20.1 
16.0 - 

6.4 
6.7 
8. 6 
8.0 
'6.6 

10.7 
5.0 
4.9 
3.7 
9.7 

10.9 
6.6 
4.1 
6.4 

12.9 
4.7 
4.9 
5.7 

18.3 
3.3 

8.6 
7.9 

11.9 
7.9 
6. 8 

5.4 
16. 1 
6.9 
6.6 
6.0 
7.7 
6. 5 

13.7 
6.0 
6.2 
6.9 
4.6 
6.3 
4.2 

16.8 
13.4 

9. 0 

- 

6.7 
3.9 
7.7 
4.0 
2.0 

11.2 
2.6 
2.2 
2.2 
9.0 
8.0 
3.4 
3.2 
3.0 
7.2 
4.7 
4.6 
3.3 

11.0 
2. 8 
2.3 
6. 5 
4.6 

10.2 
6.3 
3.8 

3.9 
6.4 
3.9 
4.8 
3.6 
4.0 
4.2 

12.6 
2.9 
4.6 
4.0 
3.1 
4.3 
3.1 

13.2 
9.6 - 

Rhode Island _ _ _ _ _ _ _ _  _ _  
New Jersey _ _ _ _ _ _ _  _ _ _  _ _  
Delaware _ _ _ _  _ _ _ _ _  _ _ _ _ _  
Masstwhusetts. - - - - - ~ - - 
Connectlcut. - - - - - - - _ _  - 
Minnesota _ _ _ _ _ _ _ _  ~ _ _ _ _  
District of Columbia.-. 
Califomla _ _ _ _  _ _ _ _  _ _ _ _  _ _  
New York ... - _ _ _ _ _ _  ~ _ _  
North Dakota.- _ _  _ _ _ _  - 
Maryland ... _ _ _ _  - ~ - - - - - 
Indiana .... _ _  _ _ _  _ _ _ _ _ _  ~ 

Mlchigm _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Ohlo.. _____________.___ 
Wlscondn. _ _  _ _ _  _ _ _ _ _  _ _  
Nebraska. _ _ _ _ _ _ _  _ _  _ _  _ _  
Kansas- -. - ~ _ _ _ _ _  ~ _ _ _ _ _  
Pennsylvania. - - - - - - - - 
Montana _ _ _ _ _ _ _ _ _ _ _  _ _ _  
Illinois.-- _ _  _ _ _ _ _ _  _ _ _ _ _ _  
Colorado -... - ~ - - ~ - - ~ - - ~ 

Virginia.-. _ _ _ _  _ _ _ _  _ _ _ _  ~ 

Iowa .-___ _ - _ _  * _ _ - _ -  _ _  _ _  
Washlngton ...... _ _ _ _ _ _  
Xentucky _ _ _ _ _  ~ _ _ _ _ _ _  -. 
Florida. - - - - - - - - - - - -. - - 

. 

Arizona _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.7 
New Mexlco.. _ _ _ _ _ _  _ _  _I 13.1 
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99.0 

12.6 
7.9 
3.7 
4.0 
3.3 
2.0 
1.3 
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1 2 3 4 5  
--I__ 

19.6 18.4 n.8 21. 

97.7 96.8 92.8 '85. 

12.7 12.8 12. 11. 
7.8 8.4 8.' E. 
3.9 4.2 5. 6. 
4.4 4.9 5.5 6. 
3.9 4.4 4.9 5. 
2.4 2.5 3.0 3. 
1.6 1.7 2.1 2. 

each group. In making the calculations for nonwhites, 
thc 7 Statcs.having less than 500 nonwhite births in 
the 3-year period, which were omitted from tables AB 
and AD, were again omitted hcre. Upori examining 
the part of table AE which shows data for the white 
population; it is observed that the percent completeness 
of birth registration decreases rather slowly in the first 
three groups and 'then falls at dn accelerating pace as 
groups 4 and 5 are reached. The Stat,es in group 5 
(where registration is least complete) contain only 
18 percent of the adjusted white births in all five 
groups but contain 45 percent of thc assumed unrcgis- 
tered (adjusted less registered) births. Above the age 
of 1 week, the death rates bascd on adjusted births 
rise consistently from group 1 to group 5, but in the 
case of deaths in the first day of life, the ratcs bcgin 
to decrease with group 4, and group 5 actually shows 
the lowest death rate of the five groups. I n  the age 
period 1 day to 1 week, a lcss marked but similar 
-tendency is observed. The behavior of the rates for 

* thcse t c o  youngest age periods strongly suggests that 
the decline which appears in groups 4 and 5 may be 
spurious, and attributable, as already intimated, to  
incomplete reporting of deaths occurring in early 
infancy in these States. Among thc nonwhite, the 
tendency toward lowcr apparent death rates in those 
States having less complete registration of births is 
more marked, and persists throughout the entire first 
year of life. 

TABLE AE.--I)EATHs UNDER 1 YEAR PER i,ooo ADJUSTED 
BIRTHS, BY AGE AND RACE, 1939-1941, FOR GROUPS OF STATES 
ARRAXGED ACCORDING TO THE COMPLETENESS OF BIRTH 
REGISTRATION 

31.3 

92.7 

15.8 
12.4 
7.8 
9.2 
9.3 
6.4 
4.2 

Percent of total deaths under 1 year for 
all groups. _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _  _ _ _ _ _ _  

Percent completeness of birth registra- 
tion.-. _____.___________. . _ _ _  _ _ _ _ _ _  

Deaths per 1,000 adjusted births: 
Under 1 dav.. __._ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~- 
1 2 3  --- 

36. 4 32.3 

83.3 71.0 

13.3 10.6 
10.6 10.4 
8.6 7.8 
9.7 8.7 
9.4 8.9 
0.0 5.8 
3.9 3.8 

1 day to 1 week ___._ .__________ :-- 
1 week to 1 month _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
1 and 2 months ___._______________ 
3 to 5 months.. _______.___________ 
6 to 8 months . . . . . . . . . . . . . . . . . . . . .  
9 to 11 months ... _ _ _ _ _ _ _  _ _ _ _  

WHITE I NONWSIITE 2 

I Thr States of Arizona, New Mexico, and Tcxi~s were omitted from the coinputs- 

* Those States reporting less than 500 births ofnonwhites in $939-1941 were omitted 

1 Higher numbers indicate less complete registration, HS shown In the second line 

tions for white lives. See text, p. 104. 

from the computations. See footnote to table AB, g. 102. 

of the tahle. 

In  summary, it may be stated that the prcccding 
analysis appears to show: (1) that there is substantial 
underreporting of infant deaths, (2) that this under- 
reporting tends, in general, to be greater in those 
States in which underreporting of births is greater, and 
(3) that it is relatively greater in the case of deaths 
occurring in the first week of life than for those which 
occur later. However, it is not sufficient, for the pur- 
pose of life tablc construction merely to know that such 

a condition exists. It is necessary also to make\ some 
assumption as to the magnitude of the underreporting. 
As no information was available from which this could 
bc estimated directly, an effort was made to estimate 
it indirectly by assuming the percent of nonreportjng 
of infant deaths to  be some fixed proportion or multiple, 
State by State, of the percent of nonreporting of births 
and adjusting the State death rates in accordance with 
that assumption, and then examining the death rates 
based on various assumed proportions or multiples to 
see which produced results most nearly in accordance 
with expectation. It was considered that, when ade- 
quately adjusted, the State death rates in each age 
period should show a consistent tendency to increase 
with decreasing completeness of birth registration, since, 
in general, the States having more complete registra- 
tion are also those with better sanitation and public 
hea1t.h facilities. 

Such calculations were made for the first three age 
periods employed in table AD, which together com- . - 
prise the first month of life. Since the individual State 
figures show minor fluctuations which make it diacult 
to observe the general tendency, these calculations were 
made for the same groups of States which were used in 
table AE. Three different sets of calculations were 
made, based on the assumption that the percent ad- 
justment required for incomplete reporting of deaths 
in each age period was (a) 50 percent, (b) 100 percent, 
and (c) 150 percent of the corresponding percent ad- 
justment required for births in the same State. The 
results of the calculdtions are shown in table AF. 

In  the case of white infant deaths under 1 day, 
adjustment in accordance with assumption (a) still 
lcaves group 5 with a lowcr death rate than group 4. 
Assumption (b) produces a death ratc in group 5 which 
is slightly higher than that in group 4, but the difference 
is much lcss than might reasonably bc cxpccted in view 
of the substantial difference in the completeness of 
birth registration in the two groups. In  the case of 
the nonwhite, even assuniption (c) fails to produce. 
increasing death rates, although it tends in that direc- 
tion, indicating that a more drastic adjustment would 
do so. The implication of these observations that 
deaths occurring in the first day of life may be less 
completely registered than births is less startling than 
it may a t  first appear, if one considers that there is 
probably a substantial number of cases of very early 
death, especially in rural areas' and among the more 
underprivileged classcs, in which neither the birth nor 
the death is registered. This group would of course 
constitute a much larger percent of the total infant 
deaths than of the total births. It is also possible that 
there may be a tendency, in some States, to  report such 
cases as stillbirths. 

I n  the case of white deaths a t  ages 1 day to 1 week, 
assumption (a) gives death rates which increase, but 
not by a sufficient amount, while the rates resulting 
from assumption (b) appear reasonable. For the non- 

. 
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7.9 
Assumption(h) ._________.___. 7.9 
Assumption(c)-.. __________.. 8 .0  

3.7 

Assumption a) _ _ _ _ _ _  3.7 

Assumption(c) _____________.. 3.8 

l>eeths after 1 week to I month: 

Adjusted 4 nccording to: 
Unadjusted ...-.-,.-. _ _ _ _ _  ~ ______. 

Assumption {b)::::::::: _ _ _ _ _ _  3.8 

__- 

white, assumption‘ (c) a t  least see,ms to be called for. 
The deaths of white infants aged 1 weck to 1 month 
yield increasing rates even without Fdjustmcnt, aiid i t  
is somewhat difficult to judge which assumption pro- 
duces the most plausible rates. Howevcr, one would 
expect thcse deaths also to  be somewhat less completely 
reported than those occurring after thc first year of 
life, and to require some adjustment. 

The age distribution of dcaths of white infants in the 
period 1939-1941 was 31, percent undcr 1: day, 20 
percent from 1 clay to 1 wcck, and 49 percent from 1 
week to 1 year. As indicated in tlie forcgoing dis- 
cussion, i t  may be assumed for illiistrative purposes on 
the basis of table AI? that the percent adjustnicnt rc- 
quired for incomplete reporting of infnnt deaths wns 
related as follows to the corrcsponding percent adjust- 
ment for births: 

? 9  8.6 8.8 8 . 9 1 2 . 9 1 1 . 7 1 2 . E  
8 .0  8.7 U. 1 9.6 13.4 12.8 14.d 
8.1 8.8 0.4 10.3 13.9 13.9 16.4 

3.0 4.2 6.0 

3.0 4.3 5 . 2  
4.0 4.4 5 .4  
4.0 4.4 5.7 --_____ 

Number OJ times 
the percent ndjsst- 

ment for births 
Age at death 

Under 1 day_- _ _  - - _ _  - _ _  _ _ _ _  - __. - ._ _ _  - - _ _  _ _  _ _  - I;$ 
1 dag t o  1 weck Y -  1 
1 weck t o  i year- _______._____________________ 36 

This givcs for tlic average percent adjustment for 
incomplete reporting of white infant t l  e a t h s  
.31 X 1.5+.20X 1 +.40 X0.5, or approximately 91 lmccn t4  
of the corrcsponding percent adjustment for whitc 
bjrths. Since reporting of white birtlis wns found t o  
he about 94 pcrccnt complete (corresponding to an 

TABLE AF.-DEATIIS UNDER 1 MONTH h i t  1,000 AUJUSTEU 

FOR GROUPS OF STATES ARRANGED ACCORDING TO  TI^ Coir- 
PLETENESS OF BIRTH REGISTRATION 

BIRTHS, BY AGE AND R.ACE, 1939-1941, ON \’ARIO[iS ASSUMP- 
TIONS AS TO THE COhlPLETENESS OF DEATH I<.EGISTRATION, 

~ 

WIIITE I I A’OX\VIIlTE 1 I 

- -  
Unadjusted- _______._ _ _ _ _ _  _______. 
Adjusted 4 according to: 

Assumption (a). _ _  __--_______. 

4 Strictly speaking, the proportions of infant deaths occurring ‘in thc three age 
periods used in this calculation should hc based on total infant deaths (after adjust- 
ment for underreporting). Allowance for this factor would slightly incrcjasr ihc re- 
sulting average. 

adjustment of 6.4 pcrcent for incomplete reporting, 
see table AC), this would imply that white infant 
dcaths were about 94.5 percent completely reported. 

Similarly, the age distribution of nonwhite infa.nt 
deaths was 22 pcrccnt under 1 day, 18 percent from 1 
da.y to  1 week, 13 percent from 1 wcck to 1 month, 
and 47 pcrccnt from 1 month to 1 year; and the re- 
quired pcrccnt adjustmelit for incomplete reporting o€ 
deaths of nonwliit~a infants may be assumed to be I 

related as follows to thelcorresponding percent adjust- 
ment for births: 

Number OJ timea 
the ment percent Jor birth8 adjuat- 

2 

1 

, Age at dcath 
Undci 1 da,y- - - _ _ _ _ _ _ - - - - - _ _ _ _ _ _ _ - - _ _ _  _ ’ - -  

1 wcck to 1 month _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 month to 1 year-- _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1 day to 1 n . c e l c . . l - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - _ _ _ _ _ _  1>6 , 

$4 
This would givc for the avcrrige percent adjustment for 
incompletc reporting of nonwhite infant deaths 
.22 X 2 + .18 X 1.5 + .13 X 1 + .47 X 0.5, or approsi- 
iiiately 107.5 percent of the cofresponding percent 
adjustment for nonwhite, births. Since reporting of 
nonwhite births wa.s founcl in 1940 to be about 82 per- 
cent complctc, this would 1iica.n tlint on the assumptions 
made deaths qf nonwhitc infants ivcrc slightly under 
81 pcrcc,nt complete. , ‘rhcse assumptions, are, of . 

course, rough, mid such a calculation can bc no more 
than suggestive; howcvcr, it does indicate that, in the 
nbscncc of accur-atc information on tlie coriipleteness 
of registi-ation of infant dcdths, it is not unrcasoiiable 
to assuiiic tliat for the first year of life taken as a whole 
tlic pcrcciit complctcncss of registration of whitc deaths 
is the same ns tliat of whitc births. This assumption is 
probably as accurate as could be expected with the 
meager information ava.ilable, and lcads to somc sim- 
plification in the numerical computation. Accordingly, 1 

it whs adoptcd in the preparation of the life tables in 
t,liis volunic. As a matter of convcnicnce, it was used 
for nonwhites as well- as whites, although a somewhat 
larger correction for nonwhites might be justificd. 

It sliould be pointed out that although this assump- 
tion is considcrcd appropriate for thc data of thc 
United Stntcs as a whole, this does not imply that i t  
could properly bc cmploycd for separate Statcs, areas, 
or regions. It is probable that the relationship be- 
tween’ the completeness of registrat,ion of births and 
that of infant dcntlis varies widely in diffcrent localities. 
It is likely, for cxamplc, that in highly urban areas 
where ‘rcgistratiqn is a well estclblishcd practice, regis- 
tration of infant deaths is more complete than birth 

- 

’ 

. 
. 

’ 

registration. On tlie contrary, there are indications 
t8hat thc reverse is true in rural areas. Such an indica- 
tion is found, for cxample, in the comparison of infant 
mortality rates by population groups classified accord- 
ing to sizc. Although thcse rates tend, in gencral, to 

8 See, for examplc, Forrest E. Linder and Robert D. Urove, Vila2 Stotistics Rolcc 
‘n thc United Stoles, f9W-1840. table 28, p. 678, Clovcminent Printing Omre. Washing. 
,on, D. C., 1943. 

f 
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TIME PEUlOD IN WHICH 
RIRTIIS OCCURRED 
(APR. 1 TO MAR. 31) 

increase steadily with diminishing population size, the 
rates for rural areas are usually somewhat lower than 
those for the smallest urban  place^.^ It is doubtful 
if this can be wholly cxplaincd on the basis of faulty 
allocation by rcsidence, since the rates arc based not on 
census populations but on births, 'which shbuld be 
dFected by errors in allocation in the same direction 
as infant. deaths. 
Method of adjustment of infant data 

Inasmuch as tbe  statistics'of births and infant deaths 
were assumed to be equally complete, mortality rates 
a t  age 0 were obtained directly from the reported figures. 
Howcver, as pretiously stated, the populations at ages 
1 to 4 used in det,ermining tho number exposed t b  risk 
at those ages were not obtninctl from thc census, but, 
wcre calculated from birth and death statistics. To the 
extent that t h y  entered into thc calculation of popu- 
lations at  thcse subsequcnt ages, the statistics of births 
and infant deaths required some adjustment. Thc 
met.lio(l followed was to compute, from reported figures 
only, the number of survivors to the exact age of 1 ycar 
from each ycar's births, and thcn to increase this llui- 

ber of survivors by the desired percent.age before 
extcnding the ~calculntions to higher agcs. The method 
of dctermining the a.djustment, factors to bo applied to 
tlie number of survivors n.t  age 1 will now be dcscribcd. 

0 1 1  first. considernt.ion, it might appear that .the 
percents of complet,cness of birth r@trntion obtnincd 
from the birt,h registration study could bc used as 
clivisors to obtain the corrected number of suillivors. 
Howcver, such a procedure would not be consistent 
with the assumptions being maclc in connection with 
agcs 5 and nbovc. A t  these ages it is not assilmcd that 
the census figures and the registered deaths are 100 
pcrcent complete, but rather that botli have the.sme 
pcrcent of incompleteness. Since it is not considered 
that dea th  a t  a.ges 1 to 4 are reported any morc com- 
pletely than those a t  ages 5 and above, the populations 
to be used in rate computations at ages 1 to 4 should not 
be corrected to a higher degrec of completeness than the 
c.cnsus populations a.t ages 5 and over, if a consistent 
serics of mortality rates is to b c  proclucrd. 

In order to determine the proper adjust.ment factors, 
a calculation was macle, by two independent methods, 
of the survivors to exact age 1 out of the births corre- 
sponding to the 1940 census population a t  each single 
year of age from 1 to 9, inclusivc. For example, the 
native population t3.t age 5 (that is, between the fifth 
and sixth birthdays) on the CCI~SUS date, April 1, 1940, 
are survivors of ba,bies born in the yea.r April 1, 1934, 
to April 1, 1935. The survivors t,o exact age 1 of this 
group of births were cstimaked (a) by subtracting from 
the reported births of that period the reported infant 
deaths occurring among this group of lives and (b) by 
adding to the nnt,ive population aged' 5 on April 1, 

. 

, 

4 The suggestion hassometimes buenpiade that this may be a genuine phenomenon. 
See. for example, Herbert J .  Sommers, Inrant Mortality in Au.ral and Vrhon Arms. 
Public Health Reports, vol. 57. No. 40, p. 1498, Octowr 1M2. 

Age on 

i2::- ' 

pleted 
Y W  
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1930-1937 ___.________ _ _ _ _  - 

1940, as enumerated in the census, the reported deaths 
pmong this group of lives a.fter tige 1, but before April 
1,  1940. Similar calculations were made for the groups 
at  each of the other ages under 10 in the 1940 census. 
Table AG shows the results, which are given separately 
for the threc racial groups: whites, Negroes, and other 
races. It will be,observed that the ratio of estimate 
(a) to estimate (b) fa.lls sharply from birth to age 3, 
but from age 3 to age 9 merely fluctuates without show- 
ing any consistent trend. I t  shows, however, a marked 
tendency to be low at even ages and high a t  odd ages. 
This suggests that the fluchuation may be principa.lly 
due to preference for certain ages in the census and 
that the ratio might be very nearly constant except for 
this disturbance. At the very young ages, where the 
ratio is particularly high, the census enumeration is 
known to-be markedly deficient. 

TABLE AG.-COMPARISON OF SURVIVORS TO ACE 1 AB ESTI- 
MATED BY ,Two METHODS: UNITED STATEB, 193S1939 

3-9 
- -  

1039-1940 __._. 
1835-1939 _ _ _ _  _ _ _  _ _  _ _  - - - - _ _  
1037-1938 _ _ _ _ _ _  _ _ _ _ _  - - - - - - 
1936-1937 _ _ _ _ _ _ _ _  _ _  - _.__ _. 
1035-1836 _ _ _ _ _ _ _ _ _ _ _ _ _ _  .>- 
1934-1935 _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  - 
1933-1934 _ _ _ _  _ _ _  _ _  - - -. - - 
1932-1933 __________.______ 
1931-1932 _ _ _ _ _  -. _ _ _  - - - _. _ _  
1930-1931 _ _ _ _ _  _ _  
1930-1937 _ _ _ _ _ _ _  - - _ _  . - _ _ _ _  

- - - - ~. - - 

_ _  - - - - _ _  

0 
1 
2 
3 

. 4 
5 
6 
7 
8 
9 

3-9 

~ 

3URVIVOIIS TO FIRST RIRTHDAY 

I 
- -- 

WHITE 

1 I, 924,622 
1,907,032 
1,859, EM) 
I, 776,542 
1,797,748 
1,807,799 
1,722,081 
1,784,386 
I,%?, 495 
1,911,381 

12,602,412 

2 1,777,738 
1,820,840 
1, 032,336 
1,862,403 
1,892,182 
1,894,413 
1,808,031 
1,862,620 
1, YG4.620 
1,974,105 

13,258,347 

NEGRO 

1 255,798 
247,842 
243,215 
!BO, 240 
233,585 
236.1% 
224,318 
229,476 
' 227,439 

225, w3 

9 229,795 
230,601 
267,546 

272,955 
266,885 
270.927 
X5.838 
272,604 
266,179 

263,205 

1,607,084 I 1,868,593 

OTHER RACER 

3 12,129 
I 

11,576 
13,511 
13,345 
13,866 
13,335 
12 983 
12 805 
13,103 
12.332 

74,380 I 91,769 1930-1937-. _ _ _ _  - - - - - - - - _-- I 
3-9 I 

1 Survifors to Apr. I ,  1940. 
1 1940 census population under I Gar of age. 

1 12,137 
11,882 . 11,315 
IO. 474 
10,609 
10,799 
10,214 
in, 571 
IO. 743 
IO, 980 

1.083 
1.047 
,962 
.954 
.950 
,954 
.952 
.958 
.948 
. Uti8 

.9551 

1.113 
1.075 
.go9 
.E75 
.E56 
.885 
.8% 
.8G3 
.a34 
.E82 

. EGO1 

1.001 
1.026 
.a7 
.785 
.765 
.E10 
.787 
,826 
.820 

.E106 

. arm 

An average ratio was t,herefore obtained for each 
racial group based 011 the totals of estimates (a) and 
(b) for the entire age group 3 to 9 in 1940. These 
average ratios (also shown in table AG) were then used 
8,s divisors, in the construction of the, life tables,, to 
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inflate the number of each group of survivors to age 1, 
as calculated from births and deaths, to the general 
level of completeness of t.he census. The populations 
at age 1, 2, 3, aiid 4 used in the actual life table calcula- 
tions were derived from age 1 survivors adjusted in 
this manner. 

In'this method of adjustment it is implicitly assumed. 
that the completeness of birth registration , rclative to 
that of enumeration in the census, did not improve 
during the decade 1930 to 1940. Similar cnlculations 
were also made on the assumption of a progressive im- 
provement in- birth registration during the decade, 
adjusting the reported births of earlier years up to the 
level of completeness of 1940. This produced a series 
of ratios (of survivors calculated by the two methods) 
decreasing with increasing age, which would imply that 
the enumeration in the 1940 census at ages under 10 
became less complete,with advancing age. This seems 
absurd; but, on the other hand, it appears unlikely that 
there was no improvement during the decade in the 
completeness of birth registration. As the number of 
dqaths entering into the calculation is small in relation to 
the total survivors, the completeness of death regs- 
tration is not an important factor. In view of these 

.inconsistencies in the data, it  seemed expedient to adopt 
the simplest course and assume, for this purpose, no 
change during the decade in the completencss of birth 
registration. 

~ 

Adjustment for incomplete reporting of infant deaths 
by subdivisions of the first year of life 

Statistics of infant 'deaths for subdivisions of the 
first year of life were used in computing life table values 
for such subdivisions, as will be explained later.' I t  
has already been mentioned that neither births nor 
infant deaths .were corrected for underreporting in 
obtaining mortality rates for the first year-of life as a 
whole, the assumption being made that rcported statis- 
tics of births and of deaths under 1 year of age are 
equally complete. Since births were 'assumed to be 
deficient in the proportions indicated in table AC, this 
is equivalent to the assumption that total infant deaths 
are deficient in the same proportions. However, in 
dealing with subdivisions of the first year, consideration 
must be given to any age variation within the year in 

It has 
already been stated that the evidence indicates a iro- 
gressive improvement with increasing age from birth 
up to the h i t  birthday. In  order to give cffect to this 
condition, the admittedly rqugh assumption was made 
that the percent addition which must be made to the 
rcported deaths at any spccific age during the first 
year of life in order to correct for underregistration is 
directly proportional to the time interval remaining up 
to the first birthday. It can only be said for this 
assumption that it gives plausible results, and, in the 
absence of any real information ns to the spccific age 

- the assumed completeness of death reporting. 

1 seep. 133: 

incidcncc of nonrcporting of infant deaths, it  seems as 
rensonable as any othcr assumption which might be 
made. Naturally, the resulting life table values for 
subdivisions of the first year cannot be considered as 
reliable as those for integral agcs, but it is believed 
that they serve a useful purpose in indicating the 
general trend of mortality and survival in this im- 
portant pcriod of life; and, in any case, these values 
are not nn essential part of the life table. The values 
for integral ages w e e  computed quite independently 
of the assumption just stated, the supp1ement.q values 
for the first year being then inserted at a later stage. 

In carrying out the numerical work under this as- 
sumption as to nonreporting of infant deaths, the re- 
maining portion of the first year of life was taken, for 
each of the subdivisions in which infant deaths are 
tabulated, as the interval of time bctween the midde 
of such subdivision and the end of the year of age. 
The length of the entire year was taken PS 365% days, 
this being the average length of the three c.alendar years 
(1939-1941) covered by the experience. For this 
purpose, 1 month was regarded as being exactly one- 
twelfth of a year or 3046 days. Table AH shows, on - 
these assumptions, the number of days .remaining in 
the year after the middle of each subdivision of the first 
year of life. The assumption-that the percent additions 

. 

required in the various age periods are proportional to 
these numbers implies that the actuuE nz:mbers of deaths 
assumed to be unreported will be proportional to the 
products obtained by multiplying the time interval? 
indicated in table AH by the numbers of deaths actu- 
ally reported in the corresponding n.ge periods. These 
products were obtained separately by sex and for whites, 
Negroes, and other races; and in proportion to them the 
total number of deaths assumed unreported for the 
entire first year of life was distributed by age, in each 
of the six classifications. These. total numbers, in 
turn, were obtained by dividing the total deaths re- 
ported for the year by the proportion assumed to be 

TABLE AH.---AssuMED NUMRI.:R OF DAYS REMAINING IN THE 
FIRST YEAH OF LIFE FOLLOWINc: THE MIDDLE OF FlhCH OF 
TEE AGE PERIODS INDICATED 

- 
Number of 

days remain- 
alter ing In mfddla ear 

or wrmd 

ACK BORIOD 



PRELIMINARY. ADJUSTMENT OF DATA 

~ - - _ _ _ _ ~  
After adjust1 
ment lor non- 
reporting but smootlling 

beforc 
mouthing 

registered, as -indicated in table AC, and subtracting 
the reported nuniher from the result. Within each 
classification by race, thr same percents of complete- 
ness were assumed to hold for both mdcs and females. 
 hi figures resulting from this adjustment are sliow’n 
in part I11 of table AM, except those for “othcr races” 
aged 1 to 11 months, in which cnse a further adjust- 
men t was made as described latsr. 
Redistribution of “other races” deaths under 1 year of 

The rcported tleat.lls for subdivisioiis of tlic first prnr 
of life for the group of nonwhit8es otllcr thtlii Negroes 
show serious irrcgularitics, clue apparently to tIie small 
size of tli-e experience, wl~icli, if not adjusted-for, would 
cause a marked la.& of smoothness in the life table 
values. Accordingly, the deaths occurring at agcs be- 
tween l morltll and l year, n,fter being adjusted for 
assumed underreporting, wcre redistribu tecl by fitting 
a second degree cuive to the monthly values by the 
method of least squares, subject to the condition that 
the total for the 11-month period must be rcproduccd. 
If yz denotes the original, and yz’ the adjusted numbrr 
of deaths a t  the ngc of x months, and if x’ stands for 
x-6, then it is found by applying the usual least) squares 
criterion that. y/ is given by the equation: 

y; =a+ bx’ + ~ x ‘ ~  
where 

*. 

age 

After adjust. 
inent lor noii .  
rcporting bul 

t e r m  
smoothing 

1 
110 b = - Zdy, 

- 1  
e= - - (Zx’Y*- lOZy*) 858 

rill thc summatioiis being from x = 1  to 1 1 :  that. is, from 
t’= -5 to+5. Writing tlie cquation in t,crms of a:’ 
rateher than x makes tlic 11-month total a synimetricnl 
rxpression and lends to results of a simplrr form then  

‘ - would ot1ic:rwise be obtained. Tahlc AJ shows tlic. 
calculated numhckr of deaths in cacli of tlic 11 moiIths, 
1)ot.h brforc and after the least. squares adjustment. 

TABLE AJ:i-I,EaS’l’ SQUARES ADJPS’l’MG?U OF DEATHS OF OT&l&~It 
RACES A? 4 0 ~ s  1 TO 11 hlolvms: VNITED STATES, 1939-1931 

I MALE DEATHS- I PEMA1,E DEATVS- 

Total I to I 1  months ... 

1 month ....________._______. 
2 months _.___________ __.._... 
3 months ..r.____ 

4 months .._._.._____ _____._. 
5 months ...-. ..____ - _ _ _  -... 

_ _  _ _ _  ___._. 

AGE 

1.510 I 1,301 

251 244 251 
216 21 7 
lllu 1 M 
1 i 4  1 69 
I 3 8  148 

____-- . I ,  510 - 

G months _ _ _ _ _ _ _  ____. .....-. .. 
7 months ____________..._...__ 
8 months _____________...._.__ 

10 months _____________.  _.__._ 
I 1  months _ _ _ _ _ _ _ _ _ _  ___...__. 

0 months ______________..... .. 

133 128 
. 116 110 

89 95 

.% 68 
57 58 

100 ni 

746605 0 - 47 - 8 

Alter . 
moothing 

109 
\ 

Unreported ages at death 
For n. sniall proportion of deaths tlic ngc is not speci- 

ficd. In order not to understate the total mortality, 
thesc deaths must. be distributed in some manner 
.among the vtirious age groups. The ntethod used was 
to dividc thcm in proportion to the numbers actually 
rcported in encli age group. Whilc this is probably not 
strictly correct, the entire number of deaths involved 
is-so smnll a fraction of the total that little error could 
i.csult. This problem docs not arisct in ~onncctioii witli 
the population figuiw, because in thc 1940 census 
probable agcs wcqe assigned by a spccial process to n l l  
persons whose age was not rcported, so thnt.no unknown 
ages appear in the final tabulations.8 

Estimation of July 1, 1940, populations 
For agcs 5 and abovc, tlic populations required in thc 

construction of life tables for the 3-year period 1939- 
1941 are those at the middlc of the period: that is, on 
July 1, 1940. Since thc census wns ta.kcn as of April’] , 
1940, an adjustment is neccssary to arrive at the July 
1, 1940, figures. For this purpose the following forniuln . 
was applied to each subdivision of tlic population by 
race and sex for each 5-ycar hge group from age 5 to age 
100, and for t11c find group consisting of ages 100 and 
ovcr. Estimates for the agc group 3-4 ycars wcre also 
obtained, to be uscd in the interpolation process rts 
described later. 

P:l,‘+,, - l=P:;t+n - 1 - kD2:“ - 1 + %(P2.l-f‘:$, - J+ M=m+R--1 

ewe ,  P:/:+n-l dmotes the population-on April 1, 1940, ut 
ages z to z+n- 1, inclusivc (that is, betwocn exact ngc 
2 and emct agc x+n);  and P:;:+n-l dcnotcs the corrc- 
sponding population 011 July 1,  1940. Similarly, P:!! I 
dcnotcs thc April 1 population tit age 2- 1, and P:yn-. I 

denotes the April 1 populatioii a t  age. z+n - 1. @E:,,- 
denotes the niimber of rcported deetlis occurring in 1940 
n t  aghs z to x + n  - 1 ; and &lz,z+n.-l denotes the cstimat- 
cd net immigration (positivc or ncgativc) during thc 
period April 1 to July I ,  1940, at ages z to z+n-I. 
The symbol k denotes the ratio,-for both sexes and all 
races combinod, of thc reported deaths occurfing in 
April,. May, and June, 1940, to the total_ for the year. 

1 he term kD:;‘:,,-l rcprcscnts tlic estimated dcatlis 
occurring in tlic particulw agc. group bct\vccn Ap~i l  1 
mcl July I ,  1940. This approximation had to be used, as 
deaths were not tabulatocl simultnncously by month 
of occurrciice and by race or sox. Thc term 
> ~ ( P ~ ~ l - P ~ ~ , , - l )  is an adjustment for the fact that i n  
tlic 3 inoiitlis betwecn April 1 and July 1 some indi- 
viduals passcd out of the group by rcacliing age z+n,, 
whilc otliers cntcred from tlic next lower ugc group by 
reaching age x: In dciiliiig witli tlic final age group 

100 mtl over,” tliis term rcduce,l to merely ><P;L~, 
aiid the subscript “3$c+n-- 1 ’’ in the othcr tcrmS 

. . 

.- 

. 

r -  

U. S. Burcuu irl tlic Census, Sufecrilh Ccnsua oflhc Uailcd S l a f c ~ :  1940, Populofioii, 
01. I I ,  Churacftrialics flJ the Poptrfaliofi. Purl I ,  p. 9. Gowrlinieiit Printin&! Offlca, 
Knshington. 1). V., 1043. 

. 

c 

, 



I ... 

Age in 1030 

(1) 

c 

1.940 papula- 
Population tion estmat- Population Discrepancy 

in 1930 and population deaths in 1940 estimates , 
Age in 1940 &numerated ed Irom 1930 enumerated In 1940 

(2) (3) (4) (5) (4) - (5) 

110 

40-44 50-54 
45-49 55-59 
50-54 60-61 
55-59 05-09 
60-8rl 70-74 
65-69 75-79 
70-74 60-84 
75-79 85-89 

UNIT-ED STATES LIFE TABLES AND ACTUARIAL TABLES 

264 283 -19 
245 207 +a 
207 154 
109 152 +E 
70 w -8 
40 40 0 
20 19 +1 
7 9 -2 

I 

was interpreted as “100 and over.” The net immigra- 
tion was estimated on the basis of information furnished 
by the Immigration and Naturalization Service, 
Department of. Justice. For the white population, the 
.migration adjustment never exceeded 0.06 of 1 percent 
of the corresponding enunierated population in any 
classification. 

While the total nonwhite iopulation was available 
by single years of-age, Negrocs werc tabulated separate- 
ly only by 5-ycar age groups up to age 75 and also for 
a few selected single years of age under 21. The singlc 
age figures for Negroes were obtained by assuming 
that, for each sex separately, the ratio of Negroes to 
total nonwhites was the same in each single yenr of age 
as in the smallest age group containing that year 
of age for which separite figures for Negroes and othcr 

. nonwhites were available. In  each classification, 
estimated figures for “other races” were obtained by 
subtracting Negroes from total nonwhites. A furthcr 

. difficulty was encountered in that the migration 
estimates used were furnishcd only for thtal nonwhites, 
and not for Negroes separately. . As the movement 
of Negroes into and out of the United Statcs is believed 
to be exceedingly small, and as the migration estimatcs 
for total nonwhites were small in any case, never 
reaching 100 for either sex in any 5-year age group, they 
were assumed to relate wholly to races other than 
Negroes, no migration adjustment being made in .the 
Negro populations. 

The estimates of July 1, 1940, population resulting 
from the application of the above formula areihown in 
part I1 of table AM, except those for Negroes between 
ages 55 and 70, in which ctlse a further adjustment was 
-made as explained in the next subsection. These esti- 
mated populations difler only slightly from those previ- 
ously published by the Bureau of the Census.” It was 
decided not to use the previously published estimatcs 

- in the conshuction of the life tables because they were 
based on a graduated, or smoothed distribution by single 
years of age of the April 1 population. While such a 
procedure was entirely appropriate in preparing popu- 
lation estimates for general use, it  was felt that, in the 
construction of the life tables, the smoothness of the 
rates of mortality was adequately provided for by the 
graduation of the rates themselves,10 and that ‘there were 
some objections to graduating the enumerated popu- 
lations. The single yea? populations, since they arise, in 
the beginning, from fluctuating numbers of annual 
births, cannot be expected to form a perfectly smooth 
series, and any genuine irregularities w d  be reflected 
dso in the death statistics, so that the smooth progres- 
sion of t.he rates of mortality will not be disturbed. 
Moreover, this appears to be true also, in large meas- 
ure, of the irregularities which are not genuine, since 
the analysis of digit preference later in this report l1 

. 

0 U. S. Bureau of the Census. Ednmaled Popdatfon in Continental United Solea, by 
Ape, Color. and Sn: 1940-1048, Population-Speeial Reports, Series P-44, No. 9, 1944. 

10 See pp. 122-1X~. 
11 see pp. 120-122. 

40-44 
45-49 
6044 

G6-oL) 

65-59 
60-64 

70-74 
75-79 

indicates t,lint, in the usual system of 5-year age grouping 
(5-9, 10-14, etc.), errors of this type in the populations 
and deaths tend to cancel out in the computation of 
mortality rates. Therefore, if the populations were 
partially smoothed, without subjecting the death statis- 
tics to some similar treatment, the result might only 
be to diminish the smoothness of the mortality rates. 

Special adjustment of Negro data 

hood of age 65 show cvidcncc of substantial misstatc- 
ment of agc.. In  thc casc of thc data for Negroes, this 
error appcarcd sufficiently marked to seriously affect 
life tablc values. This condition is brought out in 
table AK in which the 1940 Negro populations actually 
enumcratcd in the various age groups are compared 
with those expected on thc basis of the 1930 populations 
of the same groups of individuals (then 10 years 
younger) and the deaths of the intervcning period. It . 
will, be noted that while these population figures show, 
on the whole, a steady decrease with advancing age, 
the enumerated 1940 populations level off sharply at 
age 65. The 1930 figures do nbt show any such 
tendmcy. Moreover, the expected 1940 populations, i 

from the 1930 enumeration and the dcaths during the 
decadc,. are’ free from the leveling off effect. This 
strongly suggests an overstatement in the 1940 census 
of the age groups just beyond 65-at the expense of those 
just under that agc. This phenomenon is probably 
attributable to the enactment of social security legisla- 
tion providing benefits to persons ovm 65. 

. 

Both population and clrath statistics in the ncighbor- . , 

- 

. 

. 

TABLE AK.-COMPARISON OF ‘NEGRO POPULATIONR IN CERTAIN 
AGE GROUPS: UNITED STATES, 1930 AND 1940 

[Numbers given in thousands] , 

+I8 
307 242 190 4-52 
227 109 142 +27 
135 e3 145 -62 

i9 -16 109 . G3 
75-79 72 30 42 -6 
80-54 48 22 22 0 
8.5-69 29 10 11 -1 

50-54 i 348 ‘L  - 267 

E! 
55-59 
60.64 

I 

, .. - A’ 



PRELIMINARY ADJUSTMENT OF DATA 

with increasing age. There is evidence dso that the 
death statistics have been affccted in the same way. 
This is indicated by figurc 12, which shows the trend 
for the period 1933-1941 of the ratio of Negro deaths 
in certain selected age groups to those occurring in the 
same year in the age group 50-54. The age groups 
selected extend from age 55 to age 80. The general 
tendency of each of. these ratios over any fairly long 
.period is to increase gradually, because of .the steadily 
increasing proportion of the population in the older age 
groups. I n  every year of the period covcrcd by the 
graph, the Negro deaths by 5-year age groupS have 
reached a maximum in the group 50-54, and prior to 
1937 have decreased steadily thereafter to the end of 
life. Howevcr, in 1937 and each subsequ’ent year, the‘ 
rcportctl deat.11~ for Negro mdcs in the age period 65-69 

‘ 

i t  seemed advisable t o  malie a preliminary redistribu- 
tion of the Negro populations and deaths between 55 , 

and 70. ,After experimenting with various empirical 
methods of redistribution, the one described in the next 
paragraph was idopted as giving the most plausible 
results.. 

From the estimated July 1, 1940, populations, ob- 
tained as previously described, the ratio of the Negro 
population 50 and over to the corresponding whitc 
population was obtained, for males and females sepa’- 
rately. Similar ratios were obtained for t,he population 
55 nnd over, 60 and over, i n d  so on up to and including 
i 5  and over: a total of six ratios for each sex. The 
calculated ratios for ages 60 and over and 65. and over 
were rejected, and corrected values of these ratios were 
obtained by interpolation from the remaining four 

FIGURE 12.-RATIO OF NEGRO DEATHS IN SELECTED AGE GROUPS TO NEGRO DEATHS AT AGES 50-54 IN THE 
SAME YEAR: UNITED STATES, 1933-1941 

Male Female 

1933 1934 1935 1936 1937 1938 1939 1940 1941 

Year 
I 

have cxceedcd tliosc in the group 60-64. - In this 
connection it will be remembered that thc Social 
Security Act was enacted in 1935 and that State old- 
age assistance programs as provided by the act did not 
go into operation until 1936 or, in a few States, even 
later. I n  the case of Negro females the eflcct is less 
noticeable., although the number of deaths in these two 
age groups began in 1937 to move closer together, and 
in 1940 there was actually a larger iiumber in the group 
65-69. I n  ~ i e w  of t,he mngiiitude of this disturbance, 

ratios, using Waring’s formula.12 By tipplying these . 
corrected ratios to the white populations GO and over 
and 65 and over, corrected Negro populations ‘were 
obtained. By inserting these corrected values in the 
original series of Negro,populations 50 and over, 55 and 
over, etc., and differencing, corrected populations by 
&year age groups were obtained. By this method, only 

. 14  Also known as Lagrange’s formula. See E. T. Whittaker and 0. Robinson, 
The Cdculus o/Obacroaliona, second edition, pp. 28-32, Blaekie and Son, Ltd., Lpndon 
and Olasgow, 1937; also T. N. E. Greville, A Generalization of llhring’a Formula, 
Annals of Mathcmatical Statistics, rol. 15, No. 2, pp. 238.219, June 1941. 
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AGE 

_____I 

* 

112 UNITED STATES LIFE TABLES AND ACTUARIAL TABLES 

Male Female - - ~ ~  
Re- 1 Ad- Re- 1 Ad- 

ported justed ported justed 

. -  

Origi- 
nal a 

2e&012 
208.656 
154,632 
151.407 
84,436 

514;695 

the figures for the age groups 55-59, 60-64, and 65-60 
are changed, and these automatically add tothe original 
total for the entire 15-year age period. The method 
does not assume that the white and Negro populations 
have similar age distributions, but merely that the ratio 
between them progresses fairly smoothly by age. The 
Negro deaths reported in these three age groups were 
rcdistributed by relating them to the corresponding 
white deaths in the same manner. Table AL shows thc 
original figures for Negro populations and deaths and 
dso the adjusted figures obtained in the redistribution. 
For comparison, the figures for the two adjacent agc 
groups on each side are also shown. 

- 

TABLE AL.-ORIGINAL AND REDISTRIBUTED KECRO STATISTICS 
FOR AGES 55 TO 69:' UNITED STATES, 1934-1941 

I 

Ad- 
justed 

285,012 
218,324 
168,342 
128, i29 
84,436 

514,695 

-__I 

I DEATHS, 1939-1941 

50-54---- _ _ _ _  
55-59 _ _ _ _ _ _ _  
60-64 _ _ _ _ _ _ _  
65-69 _ _ _ _ _ _ _  
70-74 _ _ _ _ _ _ _  

25,041 25.041 20.677 20,G77 
22,485 % . a 5  18,531 19.162 
20 306, 21 452 17 038 17 540 
21:760 19:764 16956 15:823 
16,938 16,938 13,286 13,286 

55-60 _ _ _ _ _ _ _  64 551 64 551 52,525 52,525 1 .  I *  1 %  I 

ESTIMATED POPULATIONS, 
JULY 1, 1940 

Male Female - 
Origi- 
ual a 

270,679 
191,534 
142,381 
144,314 
79,945 

4i8,ZZQ 

- 

- 
I Adjacent &year age groups also shown for comparison. 
1 Calculated from reported data by the formula gircn on p. 109, 

Estimation of foreign-born population under 5 

Ad- 
lusted 

270,679 
203.048 
155,619 
119,562 
79,945 

478,229 

__- 

-_ 

As will be explained later when the method of cnlcu- 
lnting mortality rates under 5 is described, the distribu- 
tion bjiiiativity of the 1940 population in this age group, 
scpmately by sex, race, and single yea.rs of age, was rc- 
quired. For whites, the census tabulations givc, for 
males and females separably, thc number of foreign- 
born under I year, the number at ages 1-4, and the 
numbei; at age 5. Single year figures for both scxcs 
were obtaincd by nssuniing thnt the figures for single 
years starting with age 1 and ending with age 5 formed 
an arithmetic progression. This assumption was sug- 
gested by n study of the da,ta of previous censuses, in 
which the complete detail was available. The resulting 
values were then distributed by sex in the same ratio 
as the entire age group 1-4, and rounded to add to t,he 
correct total. 

Nativity was tabulated for Negroes by 5-year age 
groups only, and the foreign-born Negroes under age 5 
were distributed by single years of age on the assunip- 
tion that, for cach sex separately, the numbers for the 
first 5 yeme of age formed an mithmctic progression in 
which the conmon difTercncc was equal to the number 
under 1 year of age. I n  the case of the remaining 
races, foreign-born were given by uge only for Chincsc 
and Japancse. Hence, it was assumed that there were 
no foreign-born under age 5 of races other than white, 

, 

Negro, Chinesc, mid Japaiiesc. In actual fact, the 
number of such childrcn is believed to have been very- 
mall. The estimatccl native population in each classi- ' 

ficetion was, of coursc, obtained by subtaracting the 
estimated foreign-born from the totd. 

. 

B. CALCULATION OF THE RATES OF 
MORTALITY 

Tlid description of the process of obtaining rates of 
mortality divides itself naturally into two main pn.rts, 

. - ,  

< 
\ . *  corresponding to ages 0 to 4 and agcs 5 nnd over, since 

the methods used in thc two cases were very different. 
In connection with the calculation of mortality rates ' 
for nges 0 to 4, two subordinate topics are discussed 
under sepa.rate subhea,dings. These are (1) the deriva- 
tion of scparation factors for estimating the distribu- 
tion of deaths by calendar year of birth, and (2) the 
adjustment of the mortality rates to allow for the effect 
of migration. 

Ba.sicnlly. the method employed in -obtaining rat.es 
a t  ages 5 and over consisted of three steps. First, 
populatioiis and deaths were estimated by interpola- 
tion for the middle agc of each of the 5-year a.ge groups 
in which the data were tabulated. Secondly, rates of 
mortality for these middlc ages (at 5-ycar intervals). 
were computed from thc interpolated populations and 
deaths. . Finally, oscillatory interpolation was applied 
to tlie mortn.lity rates derived in the second step in 
order to obtain rates for ah a,ges. In the discussion 
which follows, cach of these three steps is treated under 
a separate subheading. Additional subsections are 
devoted to (1) a justification of tlie basic procedure 
just  desgribed, as aga.inst other proccdurcs which havc 
sometimcs been employed, and (2) a description of the 
tests which were applicd to the final rates of mortality 
in order to be sure thn.t the graduation was-satisfactory. 
Further subsections deal with two digressions from the 
main theme: (a) an analysis of preferences shown in 
the reporting of age for figures ending with certain 
digits and the -effec.t of this bias on mortality rates, 
with reference to the selection of a, particular way of 
combining single ages into 5-ye& nge groups; and (b) 
the method used in obtaining mortality rates at  the 
very old ages, where the ordinary methods fail to give 
satisfactory results, because of unreliable age report- 
ing and the small volume of data. 

All thc ba.sic data actua.11~ used in the construction 
of the various life tables are given in table AM. Part . 

I of that table contains the data required in the 
computation of mortality rates for ages 0 to 4, 
inclusive; while part I1 contains the data used in 
deriving mortality rates for ages 5 and over. Part 
I11 contains certain additional data required in'' 
obtaining life table values for subdivisions of the 

. 

, 

- 

first year of life. 

.I - 



CALCULATION OF RATES OF MORTALITY 
r .  1 A B L E  AIM.--DATA I!hlPI.Ol-ED I N  'THE ~ O A l P L ' T A T I O h '  O F  MORyALITY RATES FOR THE U N I T E D  S T A T E S ,  1939-1941 

I'ART I-.\c1ES UNDER 5 

A-Registered births, and registered deaths at certain ages under 6 ,  bg race and sex, 193&1941 

- 
R A C E ,  SET, ASD ITEM TARULATED 

WHITE MALES 

NEORO FEMALES 

Registered births ... .__.__....-_.____.___...._____ ____. 
Rezistered deaths: 

HNistered births- - _____. __. - _  .-. _ _ _ _  __. -. _ _ _  _ _  _____. _ _ _  
Registered deaths: 

Under 1 _ _ _ _ _ _ _ _ _ _ _  ~. _ _  ~ __.________ __. __. -. -. . _ _ _  _ _ _  Age: 

OTHEB RACES. FEMALES 

Registered births _ _ _ _ _ _  __. _ _  ._ -.-_-_. -. ___. _ _  _ _  _______. 
Re~istered deaths: 

1, 133,39 

52,19 
4,71: 
2,51; 
1 ,73  
1,3K 

I, 071, .50( 

38,74: 
3,w: 
1,954 
1,444 
1, in! 

r 

149,147 

I 2,180 
I ,  339 

615 
34 1 
20 I 

14s. 407 

9,708 
1,211 .w 

344 
283 

7,193 

689 
159 
66 
33 
22 

6,777 

554 
160 
71 
38 
22 

____ -- 
1940 

I ,  ow, nfi; 

51,4ii 
4, Y& 
2, s9: 
1,731 
1,431 

1,003, RR6 

38, ni:j 
4, 124 
2, 130 
1,442 
I, 131 

i 4 n , ~ 7 5  

11,482 
I ,  361 

34 1 
' 275 

fins 

IRP, 194 

8,1?2U 

3M 

1,071 w n  
270 

6, 942 

69 I 
116 
69 
28 
22 

6, G35 

'549 
124 
62 
36 
26 

1939 

I ,  ni R. 021 

so, 201 

2,759 
2,012 
1,572 

5,292 

Ufi3, 650 

37,683 
4, 542 
2.181 
1,598 
1, '276 

137,072 

l I . 2 0 1  
1,388 

595 
415 
3%) 

1 ~ ? , w 8  

1,170 
530 

R, 598 

35H 
295 

G, 507 

G42 
175 
65 
40 
30 

6, 350 

611 
15T 
68 
32 
26 

1938 

I ,  030,39' 

54.12 

3 ,  2#51 
2,332 
1,725 

li, 3fi( 

97.5, 55: 

-4n,411 
.5; 574 
2, 78( 
l ,8X 

' I,41f 

135,328 

1 I ,  fi36 
I .  6C€ 
721 
445 
356 

13'2, 372 

9,209 
1,407 

413 
338 

ra 1 

6,815 

771 
140 
68 
43 
31 

6, 492 

594 
161 
65 
63 
29 

1937 

991,35f 

55. M( 
6.781 
3, G71 
2,461 

V37,OSI 

41,575 
5,906 
3, Ot)8 
2, 042 

132, ow 

I I ,  951 
1,771 

728 
457 

128,472 

! I ,  613 
1.441 

621 
428 

A, 205 

750 
102 
68 
41 

6,143 

m7 
191 
68 
41 

~ _ _  
1U3fi 

----_ -. 

9R0, 33; 

56,97C 
7,491 
3,834 

91.5, 551 

42, 601 
li, 165 
3. 158 

IZ, 017 

12, 0117 
I ,  i20 

710 

i q w i  

!I, 005 
I .  391) 

660 

6, 116 

795 
179 
55 

5, 693 

625 
166 
68 

___ 

1935 

'Jfi9, 911 

56. 42. 
i ,  1% 

9IR, Oof 

41.Fdf 
0, 13; 

12V.5iB 

I 1.7or 
I , I i l 8  

12s, Tv(G 

I), 203 
1,406 

5,995 

761 
212 

5,974 

507 
194 

__ 
%Estimated distribution by nativity, race, and sex of the enumerated population under 5 on Apr.  1,  1940 

I 

>TECH0 I I WHITE 

hlsle , 

NATIVITY A N D  A G E  - 
-~ 

UOG, 653 
025,801 
977, 6n8 
033,924 
053,265 

244 
597 
862 

1, 126 
1,390 

Female 

Sil, 085 
689,247 
o4n.835 
908, w 
914, no8 

2.51 
5 i 9  
834 

I, 091 
1.347 

l15,98ti 
114,509 
132, i79 
131,223 
132,855 

i 

J 
5 i i  8 

in 5 
13 

7 1  

113 

!lis, 804 

GO, 319 

9 2 ,  09i 

46, DO2 

130, 795 

13,n.g 

126.311 

IO, 410 

6,104 

684 

5,926 

580 

ti. 085 
n, 752 
fi. 589 
t i .3i9 
I;, 730 

8 
15 
23 
30 
38 

Female 

6,044 
5,642 

6,458 
6,538 

0,532 

5 

16 
21 
26 

i n  
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TABLE AM.-DATA EhlPLOYED I N  T H E  COMPUTATION O F  MORTALITY RATES FOR THE U N I T E D  STATES, 193~1941-c~Ollt,illUed 
PART 11-AGES 5 A N D  OVER 

Registered deaths, 1939-1941, and estimated population on Ju.ly 1 ,  19.40, by race and sex, for ages 3 and over 

OTHERXACES - XEGRO WHITE 

S E X  AND AGE Est.imatcd 
lopulation, 
U ~ Y  I, 1040 

Registered 
deaths. 

1030-1041 

Estimated 
)opulation, 
ruiy I ,  1040 

Registercd 
deaths, 

1030-1941 

li: st irna tctl 
>opulat.inn, 
ruiy I ,  1040 

Rcgistercd 
deaths, 

1030-1041 

- 
13,142 

31,773 
34,184 
28,808 

30,765 
0.866 

16,716, 

35,522 

37.146 

53,285 
72.056 

142,217 
173,102 
201,341 
220,8R7 
235, 612 

208,815 
15;. 470 
76, .SI5 
23.084 
4,396 

62fi 

7,991i 
12. lo!l 
11.334 
19. 140 
25,4i5 

m. 400 
03.7M1 
30. 7 4  
so. 33.5 
w, (103 

87, nR3 
107, oao 
195, nio 

I 7.062 
28,507 

42,405 

105, 256 

171,604 
193.001 

1R9, io5 
159, IMI 
XH, 451 
31,981 
i, 365 

I.  064 

1,894,025 
4,736,087 
6, 234p 717 
5,611,045 
5,131,065 

4,905,853 
4,588,155 
4,253,778 

- 4 , 0 2 1 , ~  
3,841,840 

1,0132 
3, on3 
3,438 
7,043 

10, 661 

1 Fi, 027 
18, 961 
21,830 

.25,041 
21,335 
21,452 
IO, 7F4 
16.038 

12,472 
13, Ml2 

11,302 
7,048 
4, 206 
2, om 

961 

628 

1,838 
2,570 
3,012 
n, 525 

11,24fi 

12,252 
12,031 
1 R, 5x 
I 7. so? 
18, 194 

m. 67; 
IO, 16: 
i7,54r 
15.82? 
13, BE 

9,235 
6,  06; 
4,21 I 
2,38( 
I ,  144 

I ,  13: 

260, 040 
646, 283 
OB, 972 
633.250 
551,484 

5 3 4 3 4 ~  
470, Gns 
457,586 
408, ,541 
346,047 

ax, 012 
218,324 
lG8,242 
128,120 
84,436 

41,108 
18,700 
8, 002 
3, 2 7 R  
I ,  274 

747 

176 
242 
222 
4 20 
475 

471 
561 
670 
676 
758 

804 
I ,  n3n 
I ,  I 2 0  
1,031 

804 

667 
443 
24R 
131 
4 1  

42 

ini 
21r 
217 
414 
47c 

28: 
31: 
20: 
3 2  

34: 
34: 
37 1 
37: 
37f 

32' 
25: 
151 

31 

4 

aor 

in2 

3, 4131, on3 

I ,  ion, 567 

63,,7Ii3 
342,554 
114.282 
25,165 

4,202 

S i 3  

2,808,550 
2,238, 570 
I ,  740,880 

17,892 
14,140 

3: 848 

11 104 
7) 260 

2 %I6 
I ,  042 

404 
181 - 
71 

41 

I . R R I .  l i R  
4.  S i 6 ,  541) 
5. ffio, 216 
5 , 4 3 6 , i O S  
5,241,255 

263,042 
6.52,833 
665.057 
f i75 .m 

* I344,COO 

- 017,041 
528,854 
517,645 
4%. 087 
342,504 

s. 030, an 
4,651. OM 
4, 2fi7. ,585 
3,060. IS5 
3,600,217 

3,242.031 
2,058,835 
2,101,041 

I ,  227,732 
I ,  776 .1~7  

R, 330 
5,757 
4,611 
3.745 2,218 ' 

I, 501 

407 

50 , 

774 

1 i 4  
73 

i40,120 
395, O i l l  
145,0R2 
37,184 

G, 825 

42,764 
21,721 
11,370 
4,911 

I, 383 

2,011 

020 

PART IIISUBDIVISIONS OF THE Fl l lST YEAR O F  LIFE  . 
Estimated total denths Tinder 1 qenr hy age, race, and sex 

I WHITE OTllER RACES NEGRO 

""._I 42.467 33.178 

- 
Female Female 

-- 
2. 2 i R  

Male 

2, f*8 

420 
93 
86 

21R 
I59 
09 

103 

Fcmalc 

121,704 _- 
38. 122 
0.437 
5,558 n 907 

-- 
3n2 
84 
i? 

135 
113 
74 
72 

_. . . . 
0.347 
4.231 
3,475 

5,624 
. l . ~ 3 n  

5.895 
4.7M 

244 
21 7 
102 
1 fin 
148 
128 

95 
81 
f8 
58 

1 in 

228 . 
101) 
1 i 4  
1.51 

113 
08 
86 
76 

GO 

I 3o 

70 

3: no8 
3,483 
2.014 
2, ea) 
2,202 . 1,935 
1,016 

I 
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Basic pro'cess for obtaining mortality rates at ages 0 to 4 
The basic equation employed in obtaining mortality 

rates a t  ages 0 to 4 is based on the interpretation of the 
rate of mortality as a probability of death. For example, 
the rate of mortality l3 at  age x, denoted by pz, can be 
regarded as the probability that a person exactly R: 
years old will die before rgaching exact age x+ 1. 
Similarly, the complement pz= 1 --pz represents the 
probability that an individual exactly 'x years of age 
will survive to exact age x+ 1. I n  order to facilitate its 
calculation from the data; available, p ,  may be expressed 
as the product of two separate proljabilit,ies. Thus:14 

Pz= ~ P z  a PZ 
where ,pZ dciiotes thc probability that an individual 
alive a t  exact age I will survive to the end of the 
calendar year in which this exact age was attained, and 
ap, denotes the probability that an individual who is 
alive a t  the end of the calendar year in which hc at- 
t,aincd age I will survive tjo cxact agc ~ $ 1 .  I t  follows 
that: 

pz= 1 - m p ,  ap, (10) 

this bcing t,hc ' basic formula rmployed in roinputiiig 
mort,alit4y rates n t  agcs 0 to 4.  In order to derive cx- 
pressions for t.hc pa,rtial proba.bilitics apl nnd ap, in 
terms of thc data as given, t,he following special symbols 
will be employed: 

EZz denot,es the number reaching esach age 2 
during th'e calendar year z. 

P,' denotes the number living on January 1 of 
thc year z whosc age in completed years is X: 

Dzz denot,cs thc numbcr dying in the year z 
whose age in.  completed years a t  the time of 
dcatli is x. 

denotcs that portion of D,' consisting of 
cases in which cxact age x was reached during the 
year z. 

aDZL denotes that portion of Dzz consisting of 
cases .in which cxact age x was reached during the 
year 2-1. 

E, denotes the total numbir reaching'exact age 
x during thc entire period of observation, which is 
a,ssumed t,o' be a.n integral number of years. 
P,' denotes thc total number who, aft.er attain- 

ing exact agc x during the period of observation, 
are still alive a t  the end of the year in which exact 
age x was attained. 

P," denotcs the total number who are alive a t  
the end of the year in which age x was attained, 
and whosc (r+l) th  birthday falls within the 
period of Observation. 

. 

12 The rates of mortality shown in thc lifc tables which appear in this volume 
(except in the caseof tahles14,25,and38) arevaluesof 1,00Og,,therate of mortalityper 
1,ooO survivors at age z. However, in developing the mathematical theory of the life 
table, it is more convenient to use the rate of mortality per single survivor. 

14 The notation employed in this development lollows, with slight modi5cations. 
that of Hu'gh H .  Wolfenden in Population Stotistiea and Their Compilation (Aduqrial 
Sftidim, No. 3), pp. 70-84, Actuarial Society of America, New York, 1925. The basic 
tormula (10) given here is Wolfenden's formula (121, p. 76. 

u and 1) denote, respectively, the first and last 
years included in the period of observation. 

Certain. relationships between these symbols are 
immcdiatcly apparent. For example, 

' Ezz- .D,'= pz'+l (11) 
and 

If birth and dcath statistics were available in the 
necessary detail, i t  would 'be possible, by successive 
applications of formulas (1 1) and (12) , to obtain valucs 
of Ezz and P,' for any desired ages. It is to be noted 
that Eoz denotes the number reaching age 0: that is, the 
number of births, in the year z. 

For exemple, suppose it is desired to find the numbcr 
alive on January 1, 1940, a t  age 4 in completed years, 
and also the number reaching exact age 5 in 1940. 
Anyone whose age in completed years on January 1, 
1940, is 4, or who reaches exact age 5 in 1940, must 
have'been born in 1935. Thereforc, one would start 
with the number of births occurring in t,hat year. 
Formula (1 1) gives : 

. 

. 

~ 0 1 0 3 5 - a D 0 1 9 3 5 =  p 0 ,  1R36 

mid lorniuln (12) gives: 
p01936- aD01936, E11936 

I 

By continuing in this fashion and applying formulas 
(11) and (12) alternately, t,hc desired values would 
eventually be reached, provided, of coursc, the nccessary 
birth and dcnth statistics are available. 

It is obvious lrom the definition of E,, P,', and P," 
that 

' 
* 

a t 1  
P,'= c P,' 

2=lL+1 .. (14) 

Finally, tlie valucs of the partial probabilities .pz and 
ap,, on the basis of the esperience which is bcing 
employcd, are given by : 

n )  

(16) 
l- 

ap,=> 
EZ 

I 
and 

(17) &+I 
apz= 7 

2 

Formulas (11) to (17) and formula (10) would seem 
to provide the means of computing mortality rates up 
to any age desired, if _adequate birth and death statistics 
are available. There remain, however, two difficulties. 
I n  the first place, deaths are not ordinarily tabulated SO 

as to give the separate parts denoted by aD, and aD,; 
and, secondly, the effect of migration has been ignored. 
The methods employed in order to overcome these two 

, 
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difficulties form tlic siibjcet of the nest two subscctions. 
Howcvcr, it will be useful, before taking up thcse rather 
tcclinicnl points, to give a numerical illustration of the 
npp1ica.tion of thc formulas just derived. I n  this il- 
lastrnt,ion, thc rcquircd vducs of ,D, and hD, will bc 
given witbout explanation ns to liow they were .ob- 
tained; and, innsmicIi AS the corrcction for migration 
was madc RS a final adjustment in the m ~ r t ~ a l i t y  rates, 
nft,cr the calculat,ions had bcen otlicrwise completed, 
the  considcration ot t,liis point can  easily be postponcd. 

Another point which ne'eds to be mentionccl a t  this 
time concerns the method of a.pplying the corrcction for 
iinderreporting of births and infant deatlis. Since 
tliesc wcre assumed to bc equnlly c ~ n i p l c t e , ~ ~  tlir, rates 
of mortality a t  age 0 wcrc obt,n.ined from rrgistercd 
figures without applying n.ny correction. T o  this end, 
tlic cnlc,ulat,ior~s were begun by taking as thc values of 
Eoz the numbcr of hirt,hs registered in the vn.rious 
years. By  the subtraction of registered clea.ths, valucs 
of Po* and Elz were obt,ained. The vnlues of qo*were 
cornput#cd from tliesc thrcc sets of qun,ntitics tis indi- 
cn,t,cd by .formillas (13) to (17) nncl formiiln (10). 
Nest,, tho vdues of Elz wcrc correct4 for underrrport- 
ing hy dividing by l,hc ratios derived for t'liat p t~rposr , '~  
which wcrc lmsetl on compnrison with census populn- 
tions in tlic nge period 3 I O  9. Thrse adjiist,rd valiias 
of Elz wcre tnkcn as the starting point in obtaining 
corre.ctcd vducs of P,' and E,z for subsequent ages, 
it4 bcirig nssumcd that  deatlis occwring at, ages 1 n.nd 
ovcr required no corrcction. Mortality rates at ages 
I t,o 4 mer\ thcn computcd entirely on tlie basis of 
corrected figurcs. 

Tlic cnhlat ioi i  of mortality rates a t  ages 0 to 4 for 
white malcs will bc t,nlrcn as a nume,rica,l illustrntion of 

~ 

I 6  See p. 106. \ 

IO These ratios arc given in tlic flnal column of tahlc A O ,  p. 1Oi.  

A '  

the process. The rcgistercd births for each of tlic 8 
years 1934 to 1941 a.re given in part I of ta'ble AM, 

iiecclcd in thc computations are shown in table AN. 
The calculat,ion of tlie values of Po and El bnd the ad- 
justmcnt. of E, for underrcporting are shown in tablc 
AO. For thc births of the yca,rs 1934 t'o 1937, the 
number of survivors to the end of the year of birth is 
not required, sincc the children concerned will liavc 
rcn,cliccl age 1 bcforc Jafiuary 1 ,  1939, the commcnce- 
mcnt of the pcriod of observation. Tliercfore, for the 
births of tlicsc yems, tlic totn.1 number of infant cleaths 
to .be subtractcd, altl~oiigli tlic sum of two figurcs in 
tn,hlc AN, is shown ns n, single figure in t,n,ble AO. l t  
will bc notcd t h n  t cmti of tlirse totnls contains dent,lis 
occurring in two diffcren t ctijlenclar years. I n  cacli case, 
t,hc numbc.r of siirvivors to rsnct age 1 of thc registered 
births is corroctod fol; undcrregistratiori by dividing by 
,9551, thc rnt,io prcriously drrived for t,hat purpose." 

, 

.4TTAINKD, OR IN THE F O L L O W I N G  YEAR: UYI ' ITD STATEN, 
1934-1941 

I 
11. 16.5 
9, 030 
3.122 
2. 170 
I ,  4G2 
1, 2Yi 
1.046 

9G6 
817 
755 

__  
15. 

------- 
1840 i w i  I /  

-_ 
43, 138 43,421 

(1,339 8.768 
?.WE 2,781 
2,o;l 1,934 
1 . 3 , I  1,3M 
1,218 1,183 

1100 913 
831 843 
745 700 
687 6.54 

- 

 ABLE LE AO.-NVMBER OF REGISTERED B'IBTHS OF WHITE MALES, . N X J M I ~ E ~  SURVIVING Sl'EClI'lED PERIODS, AND ADJUSTMENT FOR 
~TNDERREPORTING, BY Y E A R  OF BIRTH (2 ) :  U N l T E D  STATES, 1934-1941 
- _-- 

I 
1936 I 1037 

- . . ~ . ~  .. . .. , 
iors to end of yew of birth ( P A  ... _ _ _  _ _  ... :...... 
,s to be subtractcd (ID.*+l) ___.______.____________ 

I Not nerdcd in life tahle calculations. 

Cont.inuntioii of the procc1ss of sul)truc*t.ing t1he nppro- 
priat c groups of drn.ths, in nccordnnrc wit,l! formulas 
(1 1) nnd (1 2),  givcs the ,various nunibcrs sliown in 
tahlr AP. In tlic cnsr of tdic births of tlic ycni-s 1934 
to i 936, t(lic1 deaths occurring bctwccn t8he rr.ttninmcnt 
of ngr 1 rind Jnnunry 1,  1939, can bo luInpcc1 't,ogct,hcr, 
:is i t  is iiot nccc~ssary to ln10w tlic numbcr of survivors 
on nay prior dat,c. It will be noted t,lmt the siiccessive 
death figures to be suhtrnctcd from a givcn y c d s  
births form a sort of ir0kc.n dingonnl cxtcnding dnwn- 
ivard and to the right in tnblc AN, consisting of ,Do from . 

the column for thc given ycw itself, 6D, and aDl from 
t ~ i c  column for tlic following ycar, aD1 and ,D~ from tlic 
c,olumn for thct nest following ycnr, and so on. Aftm 
January 1,  1939, has bcen rcaclicd, the successive dcntli 
figui*cs miist. bc subtrachcd one by one, not,ing tlic rcmnin- 
dcr nft,cr cmli siihtrn,ction, until the cohort Iias llecn . 
cnrrictl to -January 1,  1942, after which no furt4her 
vducs n.rc iiccdcd. Thc various numbers of survivors 
shown in tn:blc AP are n.rranged not according to  tho. 
Scar of birt,li, but  according to  tlie calcndnr ycar in 
wliicli thc indicated exact agc is at,tained, or a t  thc 

* .  

i 
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beginning of mliich 1,lic indica.ted popula.t,ion esists. 
In  t4hose lincs of t,lic t.ablc which give values of P,', 
the totnl for 1939-1941 is, of course, P,", while the t'otal 
for 1040-1942 is P z f .  

Va.lues of Q, and 621,  for rigcs I t'o 4 ob1,ainc.d from 
the figures in the last two columns of ta.ble AP arc 
givcri in tablc AQ which also ~110~7s the calcula,tion of 
the inorta.1it-y m.1 cs cscept for t,he final adjustme,nt for 
migra.tion. The calculn.tions for agc 0 n.re not shown, 
since in t1ia.t casc the adjustment for migmtion um 
introduced n. t  an ear1ie.r stcage in. thc computation. 
This point is explained in dct,ail on pagrs 119 and 120. 

In t,lie -cast of thc lifc t.ablcs for combinations of 
classes siivh as t o t d  whites or t'otn.1 males, the valurs 
of E,, P,', and P," for the component parts wcrc 
combined beforc computing the part.ia.1 probabilities 
of survival, t,licb remninder of the. ca1cula.tion being 
esactly t,lw sainc ns fol, tlic sqiara.tc classes. 

TABLE Al'.-iY I J M R E R  O F  WHITE MALES ST~RVIVING SPECIFIED 
PERIODS OF L I F ~  BETWEEN BIRTH AND AGE 5:  UNITED STATKS, 
1939-1941 

. 

C I A Y S  OF 
' BVRVIVORS I 

El*'  .......... 
PI ............. 
El'. ........... 
PY'__._ .__ ._ ._ .  
Ea 1. -. . -. . - -. -. 
Pa, ............ 
E,, ............ 
P,. _ _ _ _  ~ .-.-.. 
Ea * ............ 

I Forexplanr 
1 Corrected I, 

I 

--.___I___:_______I 1 

I ,  on, 741 I ,  015.095 I ,  059,743 ......... .......... 
-977.422 1,019,619 1,012,187 1,05fi,900 3,088,7GG 

975.252 r,017,598 1,010, 253 .......... .......... 
843,175 9i: i  790 1, m. 224 1,008,919 2,908,933 
941,878 9i2,5i2 1,015,041 ......... .......... 
945.505 940,832 071, 672 I ,  014,128 2,926, w2 
944,539 940. noi 970,829 ......... ........ 
944,212 943, 722 939,250 mr, n o  2,853,096 
943.457 843,035 038,fj2 .......... .......... 

on of symbols in this colunin, sec text, p. 115. 
undei reporting. 

! 

m p z = ~ z t / ~ ~ z  ........................ 

g,=i-p, ........................ 

I ~ . = E H I / P , " .  ..................... 
p,=.p,&p, ....................... 

1 Unfldjnsted for effect of Inigrntian. 
2 Age denoted hy z. 

Derivation of separation factors for deaths 
In the preceding sect,ion, mention was madc of t,hc 

necessit,y of s~para t~ ing  thc dcatlis of each d c n d a r  ycar 
into two groups according t o  whether dcnth occurrcd in 
the same calendar ycar a s  tlic 1 s t  birthclay attainid, 
or in the following year. This coultl evidently be 
nc:complished by sorting on the year of birth. To 
illirstrat,c this, consider tlic case of cliildrcn dying in 
1940 at age 3. I n  this g~'oup, all those who r eachd  
imvt igc 3 iii 1930 werc obviously born in 1936, 
whilc t,hose who rcaclicd exact age 3 iii 1940 n~crc born 
in 1937. However, deaths in the United Stmates are not 
hbulated by year of birth; and i t  was t~l~crefo~~cncccssaiy 
t.0 cstimate, in cadi case, t b e  subdivision of D,' into 
zDzz and 60,'. 

This is ncconiplishod by employing what may be 

called "scpnration factors." 
dcnot,ccl by jZ2,  is tlcfincd as 

Thc separation factor, 

I n  dealing with dctit'li sta,tist,ics not  trid~ula.tcd by yeas 
of birth, it is customary to employ values of this ratio 
obtained from ot,licr da.ta, so t2hat thc working formulas 
me: 

a x z =  (1 -j,:)D,~ - . (19) 
and 

*DzZ=fzZDz* (20) 
Tabulations of deaths from which. values of fz2 can bc 
obt,a.ined directly have iicvcr bce,n mmle in the United 
Sta.t'es, a.nd are found in only a fcw countries, notably 
Gcrmany.'8 Such a tlabulation is now being under- 
taken in tlhe Burcau of the Census based on a 10-percent 
sample of all 1944 deaths under agc 5 ;  and the valucs 
derivcd from it will bc ara.ilablc for usc in 'the prcpara- 
tion of fut,urc lifc tablcs. 

It is not always sat,isfactory to use vahics off,' bascd 
on the statistics of other countries, pa,rticularly i f  such 
statistics we, in addition, not very rcccnt, as the values 
of this ratio have been observed to  vary as betwecn 
diff e rmt  countfies and to change. rnal~kcdly over periods 
of time. Anothcr alternative is to approximate tlic 
values of fzz by making use of ta.bulations of deaths by 
month of age, if thesc are available. In the United 
States, such tabulations havc been made in recent 
years only for the first year of lifc. However, i t  is in 
the first year of lifc that  t,he values of fiz are most sub- 
ject to change, so that  reliance on values obtained from 
out,sidc sources is most unsatisfactory. Accordingly, 
thc va.lucs of jo2 used in connection with the life t,ables 
in this volume were all estiniatcd from the tabulatiohs 
of deaths by subdivisions of the first year of life. 

Thc mcthod of arriving at, such estimates is best 
illustratcd by a numcrical example. This cxamplc 
will bc based on t,he t,abulation of infaat deaths for 
males of 81.11 races in 1935. The data to be used arc 
given in table AR. I n  this table, a.ttmtion is called to 
the figurcs in bold-face type which extend across the 
table more or less diagonally. It is evident bhat all the 
figures belo\v,and to thc left of thc bold-face figures 
represent dcatlis of infants born in. 1934. Similarly, 
0.11 the figures above and to the right of the bold-face 
figures refer t80 dcaths of infants born in 1935. How- 
sver, thc bold-face figures thcmselves include somc 
ieaths of infants born in 1934 and somc dcaths of 
nfants born in 1935. I n  the case of all these figures 
xcept  those which represent deaths in the month of 
January, i t  was assiimed that an  equal number were 
3orn in each of thc 2 years. When one of t.hese num- 
3ers was a n  odd number, the extra infant was assumed 
;o have bcrii born in the year of death (in this case, 
1935). 

. 

. 

18 Sre U. S. Bureau of the Census, Unifsd States Life TOblC8, 1880, I W f .  1910, 
!nd 1901-1910, p. 339, Government Printing Office, Washington, D. C., 1921. 
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Mar. 

6,691 

1,610 
413 
304 
553 
371 
270 
193 

528 
429 
346 
279 
249 
242 
220 
200 
186 
141 
1 S7 

TABLE AR.-DEATHS OF MALES UNDER 1 YEAR OF AGE, B Y  MONTH OF DEATH A N D  BY AQE: UNITED STATES, 1935 

Apr. 
___ 

5,740 

1,661 
378 
264 
502 
280 
189 
184 

43s 
347 
296 
204 
189 
182 
1% 
151 
162 
120 
111 

-___ 

AGE I Jan. I Feh. July 

5,413 

1,746 
391 
260 
406 
297 
149 
162 

321 
26R 
228 
231 
171 
187 
141 
133 
133 
102 
87 

-_ 

- 

Aug. 
--_-- 

5,219 

1,631 
421 

L 231 
420 
290 
177 
142 

366 
259 
202 
197 
171 
146 
147 
124 
107 
83 

105 

---__ -__ 

4 months.. _ _ _ _ _ _  ~ ._________________.________ 
5 months ... __.__ ~ ____________._.____________ 
6 months _ _ _ _ _  _ _ _ _  _ _  __. ___._.__ _ _  _._______._ - 
7 months .____._ _ _  ________________._.._______ 
8 months .___ _ _ _ _ _  _____: _ _ _ _  ~ ___________.____ 

272 

172 

Total ondcr 1 year. -. _ _  ____. _ _ _ _ _  _ _  __. 

Under 1 day- - - __. -. -. -. . -. _ _ _  -. -. -. . - _ _  _ _ _ _  
1 dag _ _ _ _ _  ~ _ _ _  ... ~. -. - ._.___.__ _ _  _ _ _  ..._._.__ 
2 days .... ___.____.___._..__________ . _ . _ _ _ _ _ I  

3 to  6 days ____.._._._ _.__ ___._____...._..__ 
1 week ....................................... 
2 weeks.. ~ _ _ _ _ _ _ _ _ _ _ _ _ _  ___._________.._____ 
3 weeks to 1 month _ _ _ _ _ _ _ _ _ _ _  __._ ______.__._ 

1 month _ _ _ _ I  ____: ._._________ _ _ _  _ _ _ _ _  _ _  _ _ _ _ _  
2 months ... _ _ _ _ _  _.____ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  _ _ _ _ _  
3 months.-. .-. -. _ _ _  _ _ _ _ _ _  _ _ _  -. _ _ _ _ _  _ _  __. __._ 

9 months _ _ _ _ _ _ _ _  _.._______.__.____________ _ _  159 162 
113 1 .  tg I 128 

10 months ... _ _  _ _ _  _._._.______._.: ._.__.._.__ 
11 months.. _ _ _ _ _  ~ _ _ _ _ _  ._._____ _._._____._ _ _ _  

7,145 6,376 

I, 648 1,451 
418 394 
314 327 
624 ,598 
382 352 
303 245 
282 233 

717 668 
531 431 
416 352 

-______ I_ --_ 
1,680 

380 
238 
409 
3og 
174 
161 

4 50 
333 
293 
208 
184 
186 
161 
166 
170 
115 
123 

I n  the month of January, tlic assumption wns made 
that, within cncli nge period shown, )(I of the totnl 
deaths occurrcd on cach day of the month. I n  thc 
casc of deaths undcr 1 day, an infn.nt included in. this 
group who was born in 1934 must hnvc died on Janunsy 
1. Howemr, cvcn n.mong those dying on January 1 
nt an agc unclcr 1 day, some were born in 1935. Thcrc- 
fore it wns sssumed that 31 of >ill or :i2 of the clonths 
under 1 day occurring in Janunsy wcrc of infn.iit8s born 
in 1934. Multip1ic.w for tho other ngc pcriods undcr 1 
month were obtaine,d by similnr rmsoning, nnd are 
shown in table AS. It will bc sufficient, to give one 
further illustration. Those infants dying in January 
1035 at  the n,ge of 1 weck (cmct age 1-2 weeks), who 
were born in 1934 include all thosc dying in this age 
interval on Janunsy 1 to 7, inclusive, and a portion of 
those dying on January 8 to 14, inclusive. The number 
of deaths on January 1 to 7 is assumed to be yil of the 
total for the month. The number. occurr.ing on Jn,nu- 
ary 8 to 14 is likewise assumed to be g,, and it is furthcr 
nssumed that one-half of these nre of infants born in 
1934. Therefore, thc proportion of the total January 
1935 deaths a t  the age of 1 weck which n,re assumcd to 
represent 1934 births is 3i1 plus >$ of X I ,  or 2%2. 

By the application of t,hesc rules, the estimated 
total number of deaths u n d w l  year in 1935 of infant's 
born in 1934 is foiind t,o bc 14,236 to the nearest int,cger, 
while the total number of deaths undcr 1 year in 1935, 
irrespective of thc yen.r of birth, is 68,805. Tlicrcforc, 
the vn.lue of f01°35 is the qnoticnt of 14,236 by 68,805, 
or .207. 

* TABLE AS.--PHOPORTION OF JANUARY DEATHS UNDER 1 MONTH 

' 

ARSUMED T O  RBPRFSKNT BIRTIIS O F  THE PREVIOUS YlCAIi 

~- 
1,689 

373 
235 
442 
287 
178 
142 

354 
310 
216 
239 
177 
170 
155 
135 
165 
118 
104 

Age a t  death ... ._.__ ~ 

YEAR 

________ 

However, this valuc applies tso n,ll males of n'll races 
combined; and it is desired to obtain values for the 
different races separately, as fo* is known to vary 
significantly by race. A difficulty is encountered in 

WHITE NEGRO. OTHER RACES ---___ 
Male 1 Female 1 Male 1 Female Male 1 Female ___ -- --- __-- 

1934 ._______ ~ __.____ 
1935. __. _ _  _ _ _ _ _  ____. 
1936. ___. . _ _  _ _ _ _ _ _  ~. 
1937. _ _ _ _  ____._. _ _ _  - 
1938. _ _ _  _._._ - _ _ _ _  _ _  
1940. ~ _______.______ 
1939 ._______________ 

1941. ~ ____. ~ _._.____ 

0.1R7 0.198 
,189 .210 
,181 ,191 
.196 ,204 
,177 .13R 

,162 ,174 
,180 ,191 

,169 ,180 

- - 
Sept. 

4,920 
======= 

3 '1,405 
301 
238 
409 
274 
168 
162 

381 

259 
190 
154 
123 
128 
120 
9R 
73 
66 

281 

OCt. 

5,107 

1,502 
37s 
218 
417 
265 
156 
154 

447 
324 
257 

159 
152 

110 
87 
77 
85 

-- -- 

m 9  

iia 

- - 
Nor. 

-- 
5,143 

1,486 
310 
251 
422 
281 
195 
168 

412 
356 

. 261 
198 
184 
149 
112 
121 
93 
82 
62 

-- -- 

- 

Doc. 

5,816 

1,470 
414 
292 
485 I 

350 
224 
199 

478 
380 
R47 

- >  ___- 

108 
112 
84 

that the tabulation of infant deaths in the United 
States by nge and month of dcath was further sub- 
divided only by sex prior to 1039; and cornmcncing 
with thnt year, evcn the scx classification was elimi- ' 
11ated.~~ Howcver, for all the years involved in the 
life tnblc calculations, another tnbulation was avail- 
nblc giving infnnt deaths for the United Stat8cs by age, 
race, ancl sex (but not by month of denth). Separa- 
tion factors nt-ngc 0 by rnce nnd scs for thc yenas 1939 
to 1941 were obtained by making the assumption that,, 
within cacli age pcriod, the distribution of deaths by 
racc and sex was the same in cacli calendar month of 
clcath as for the ciitirc calendar year. The values for 
the years 1934 to 1938 had previously been calculated 
by a somewhat less rcfincd method, and were not re- 
computed. Thc values of jo" actually employed for 
each of the ycars 1934 to 1941 arc given in table AT. 

RACE AND SEX: UNITED STATES, 1934-3941 

' 

' 

TABLE AT.-SEPARATION FACTOR6 AT AGE 0 (VALUES O F  fo') BY 

I I I 
- 

0.216 
,210 

0.226 
.215 
.221 
.219 
.223 
.231 
,209 
,230 

0.291 
.302 
.275 
.277 .m 
.304 
.270 
.328 

0.319 
.304 
,315 
.310 
.332 
.348 

.310 

.3m 

As'no dn.ta wcre available for thc United Statcs from 
which separation factors for ages 1 to 4 could be csti- 
matcd, the vnlues employcd by Glover werc again 
used. Thcse are givcn in table AU. 

TABLE AU.--SEPARATION FACTORS USED AT A R E S ~  1 to 4 

1 Age denoted byz. 

It will be noted that the values are given by age 
only, and are assumed independent of sex or race. 
As the values used by Glover wcre based on German 

19 This was resumed in thc tabulation of infant deaths for 1943. 
20 U. E. Bureau of the Census, op .  clt . ,  P. 340. 
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stat'istics of 191 1 and prior years, their appropriatene,ss 
for use in connection with recent data for the United 
States was tcstcd before they were used for this purpose. 
A technical explanation of the test which was applied 
is given in section A of the appendix.*& 
Adjustment of mortality rates at  ages 0 to 4 for the 

In  the method previously described for obtaining 
rates of morta1it.g a t  ages 0 to 4, it wa,s assumed that 
the population under observation was not affected by 
migration during the period and a t  the ages considered, 
and that the deaths allocated to each annual cohort of 
birt,hs included all the deaths occurring- in the cohort, 
and no deaths outside the cohort. Actually, it must 
be supposed that the deaths reported included some 
deaths of children born outside the continental limits 
of the United States, and failed to include some deaths 
of infa.nts born in the Unit,ed States who died outside. 
Some indication of t,he effect of immigration can be 
gained from t*he census tabulations of foreign-born 
population. The cffect of emigration is more diffcult 
to appraise, but is believed to havc been negligible 
a t  t.hc ages a.nd during the period undcr consideration, 
a.nd was tlicrcforc ignored. In  other words, it T T ~ S  

assumed that the native population under a,ge 5 on 
the date of the census included all the survivors of 
births of the 5-year period ending on that date. 

The method employed to allow for the effect 5f 
immigration involves certain concepts which make it 
necessary to  refer briefly to' the calculation of death 
rates at  ages 5 and over. The central death rate is 
dcfined in terms of the life table asz2 

effect of migration 

In  other words, it is thc number of cleatlis occurring 
during a yeaf in the stationary life tablc populaiion 
at  age z last birthday, divided by the total number of 
persons a t  age z last birthday in the stationary popu- 
lation. When the life table covers a short period, such 
as 1 or 3 years, it is usually assumed that this is equal 
t,o the central death rate computed from the actunl 
data: that is, 

(22) 

whcrc D,~tlcnotcs the number of deaths in the pcriod 
of obscrvation at age z last birthday, P, denotes the 
population a.t age z last birth(1a.y a t  tlic middlc of thc 
period, and n denotes the number of years in the 
period. This assumption servcs to bridge thc gap 
between the actual population and the ideal life table 
population. Under this method, migration presents no 
difficulty if it can be assumed that the nct migration 
has been uniformly spread over tho period. For, in 
that event, the adjustment required in ,the number of 

91 Seep. 135. . 
2% See pp. 21-22 for definition and oxplanation of the life table functions. 

119 

person-years of exposure to the risk of dying is nJ2 
tinies the Ret migration, n.nd since the population a t  
the middle of thc period has already been subjected to 
about half the nct migration for the entirc period (and 
is multiplied by n in t,he formula), the necessary adjust- 
ment is automatically taken care of. 

This method of obtaining mortality rates was not 
used at. the very young ages because of the known 
deficiency in the census enumeration. However, the 
proccdure actually followed, while designcd to produce 
estimated populations corrccted for underenumeration, 
yields an estimate of the nativc population only 
(ignoring emigration). Now, , formula (22) ' can bo 
written in the form: 

when p.," denotes the nativc population at  age I last 
birthday at  tho middle of ihe period, and mzN denotes 
an Cpproximate value of m,, in which the native popu- 
lation, rather than the total population, has been used 
as thc dcnominator. Since the value of m., obtained 
from births and deaths by tho proccss dcscribcd is 
really mZN, it needs to  bc correctcd by multiplying by 
the factor P,"JP,. 

If it is assumcd (as it usually is) that, in tho  lifc tablc, 
1 

L,=l,- -a,, it  follows thatz 2 

5 

(23) 

or, solving for pz, 

(24) . 

Therefore, it would be possible to convert the va~lues of 
p, obtained without codsidering migration into values 
of m, by formula (23), multiply them by PzN/Pz, and 
then convert thcm back to pz values by formula (24). 
However, this lengthy procedure 'is unnecessary, for 
the ratio PZN/Pzis always very close to unity, and thus 
represents only a slight adjust,ment; and putting equa- 
tion (24) in the form: 

1 
= m z - p 2 +  . . . 

shows that' a slight adjustment in '  thc value of m, 
results in a very nearly proportional adjustment in pz. 
Therefore, the adjustment factor PZN/P, may, without 
appreciable error, be applied to the values of p, directly. 

In  the case of the life tables in this volume, P," and P, 
should properly represent populations on July 1, 1940, 
the midpoint of the 3-year period 1939-1941. However, 
since the adjustment involved is small in any case, it  

23 Spurgeon, E. F., Life Conlingcnciea, third edition, pp. 4-5, Cambridge Univorsity 
Press, London, 1838. 
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was fclt, that little error would result in calculating this 
ratio from populations on the census date (April 1, 
1940). ’ Hence, the actual procedurc at  n.gcs 1 to 4, was 
merely to multiply the unadjusted rate of mortality by 
the ratio of the native population to the total populn- 
tion, as enumerated in the ceneus, at  thc corresponding 
age and in the sa.me classification by race and sex. This, 

was equally complete for the native and foreign-born 
elements of thc population. Thc mctliod used in 
cstimating the distribution of thc foreign-born under 
age 5 by single yea.rs of age has alrea,dy been described,24 
and the resulting distribut>ion by nativity, race, and sex 
of the population on April 1,  1940, is given in part I of 
table AM.26 

The abovc method is not approprinkc for adjusting 
the mortality rate a t  age 0, because in that case, ‘thc 
small amount, of immigration which occurs is believcd to 
bc heavily concentrated in the Ia.tte,r part of the ycnr of 
life, while the .mortality js very inuch heavier in t8hc 
early part,. Thercforc, tbe application ’ 9f the ratio 
PoN/Po to the mortality r8.t.e go would gren tly overstlate 
the a.mount of t,hc ncccssary corrrct8ion. Hence, the 
expedient was ndoptcld of a.pplying t,hc a.djustment ra.tio 
to thc mortality rn.te for the second porlion’only of the 
first ycar of life: thal is, tso thc probability 6yo= l-apo. 

The numerical illustrattion showing the ca.lculation of 
mortality rates for white males in the.Unitcd States in 
1939-1941 is completed, for ages 1 to 4, in ta.blc AW 
which exhibits t8he adjustment for the effect of migra- 
tion. 

- of course, involves the assumption that th’e enumeration 
’ 

, . 

. 

TABLE AW.-ADJUBTMENT OF RATES OF MORTALITY FOR WHITE 
MALES AT AGES’ 1 TO 4, TO ALLOW FOR IMMIGRATION: UNITED 
STATER, 1939-1941 

- 
Unadjusted (I,-. . . _._____ ~ _ _ _ _  _ _ _ _  0.00487475 O.OO264755 0. oO1898iG 0. oO1~3812 
Adjustment fartor 1. -. -. ~. ~. . .99035557 .99911903 ,99879579 .998M398 
Adjusted gz- _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _ _  1 / 1 1  .0048718 .OD26452 .0018OG5 .0015339 

1 Age denoted by z. 
Estimated native white malc population at age z divided by total white malc 

population at age I, April 1, 1040. See tahle A M ,  psrt I, p. 113. 

In  the case of ngc 0, formulas (16) and (17) give 
,,po= .96029016 and &Po= .99124082. It follows that 
6&, thc complemcnt of ape, is .00875918. Multiplying 
this value by the adjustment factor .99973095, which is 
the quotient of the number of nativc white malcs cnu- 
merated a t  age 0 by the total white males so enumerate,d, 
gives .(I0875682 as the correctcd value of a l l o .  The 
complemcnt s p j ,  which is .99124318, multiplied by 
givcs .9518811 as the adjusted value ofp,. The com- 
plement .0481189 is the final value of po. 

There is a criticism of the theory underlying the 
method adopted in-correcting for the effect of migra- 
tion the mortality rates at ages under 5, in that the 

’ . deaths which werc deducted from the recorded births 
in order to obt,ain the number of survivors a t  the var- 

2‘ Seep. 112. 
26 Seep. 113. 

_- 

I 

ious agcs include somc deaths of cGildrcn born outside 
the Unitcd States, so that the number of survivors of 
t#he native births is understated. As the deaths im- ~ I 

. / propcrly deducted. are very few, t h  resulting crror is. 
slight, and in any case serves as a partial offset to tho. ~ 

failurc to t,akc account of emigra.tion. 

Grouping of ages for the computation of rates of mor- 

Deaths at agcs 5 and over wcrc not t,a.bulatcd by 
singlc years of age during thc period 1939-1041, but 
only in the 5-year ngc groups 5-9, 10-14, etc., witdl n 
final group a.t agrs 100 and over. As a matter of famot, 
it has f p x p n t l y  bcen considcrcd preferable, in the, 
const,ruc.tion of nntional life tables, to work ~ i t , l 1  
grouped data for the reason that statemcnts of agc, 
both in dentlr reports and in thc census, usually shorn 
what is Ianown as “11Caping”: that is, masked prefcr- 
criec for ngcs ending in ccrtain’digits, at the expensc of 
ot,hc,r digit’s. This preference is espcc.inJly notir,cahlr 
in the casc of a.gcs 1vhic.h arc miilt8iplcs of fvc ;  whilc, 
tjo a lesser. dcgrce, even numbers t;cnd t80 hc given morc. 
frequently t81ian odd nilmbcrs. A notsblc rxcoptioni 
to the lattm rule is observed at agc 21, where a markod. 
concmtrn.tion is commonly found. The use of grouped 
dnta tends t.0 smooth out the irregularities rcsulting 
from digit, preference, by avcra,ging together ages a.t 
which the reported figures a,re exccssive and other agcs 
where a deficienc.y appears. - 

However, the~particiilargi.ouping in which thc 1939- 
1941 deaklis mere tabulated h a s  not often becn found. 
the most satisfactory from the point of view of life 
table construction.2B Glover had both deaths a.nd 
populations tabulated by single years of age, and made 
an exhaustive study 27 of the resuks of all the possible, 
methods of grouping in 5-year periods, finally deciding 
on thc grouping 4-8, 9-13, etc. Wolfenden 28,  has 
also given a very full discussion of the general problem 
of heaping and the conclusions reached by a number 
of actuaries as to the best method of age grouping for: 
t,he data of various countries. In  dealing with t,he 
193911941 da.ta, there was, howevcr, no choice as to 
the mode of grouping, insofar a8s deaths a.rc concemcd. 
While the census populations were available by singlc 
yea.rs of age, t,he estimated populations on July 1, 1940, 
were much more easily obta.ined fo: t8he a.ge groups in 
which- deaths were available, and the computa.tion of 
rates of mortality is appreciably simplified .by ha.ving 
deaths incl populations similarly grouped. 

Nevertheless, it was thought ndrisablc LO study tlic 
imture of the heaping present in the population data. 
of thc 1940 census and to test the effect of various 

, ,  

’4 

I 

tality at ages 5 and over 

i 
1 

. 

- 

’ 

- 

28 Ser, howevcr.Nathan Keyfltr, Ccnaua Monograph NO. 19, Canadian Life Tahlcs. 
fDS1, p. 8,  Dominion Bureau of Statistics, Ottawa, 1937. Hero, thc “%9” grouping 
was dccfded upon. even though both populations and deaths were availsblo byslngle 
years of age. 

. 

n U. S. Bureau of Census, op.  dt., pp. 356-384. 
111 Wolfenden, op .  rtt., pp. 32-44, 54-57. Src also Wolfendcn’s discussion in thc 

Transactions. Actuarial Socirty of AnicricR, rol. 42, Part 1, No. 1175, pp. 78-86, 
May 1941. , .  



, .  A*- 

rr OM 
p o w -  
l a t i o n  

-- 
11.0 
8.5 

9.2 9 . ,  

10. i 
9, li 
9.6 

10.3 
10.0 

in. 4 

0.0 

, I 

White 

I Malet 
__-- 

11.0 11.5 
8.8 8.6 

9.8 . 9. B 
9.9 9.8 

10.5 10.6 
9.7 9.7 
9. i 9.6 

10.1 10.3 
10.0 9.9 

4.2 5.6 

10.5 10.4 

I 

\ 

1 
I 

I 

1 

I 

i 

1 

t 

1 

I 

1 

IIIGIT OF ACE 
Total 
draths 

CALCULATION OF RATES OF MORTALITY 

While I Nonwhite - 
Malt 

possible groupings. This was clone by snmming the 
reported figures for ages ending with tlie same digit 
and comparing the totals by means of Myers’ 
“blended” For comparison, the deaths of 
the year 1035, the most recent year for which deaths 
have been tabulated by single years of age, were -ana- 
lyzed in the same way. In .  this method of analysis, 
‘the ages below 20 are omitted, because they exhibit a 
pattern of digit preference which differs markedly from 
that observed at adult ages. The ages in the ininie- 
cliate neighborhood of ags. 21 may also be omitted 
because of the peculiar form of heaping usually present 

Myers’ blended method is designed to elimi- 
nate any bias due to a particular choice of the starting- 
age. 

In this case, ages 23 to 32 were employed as starting 
ages and the summations were not carried beyond age 
99.3’ The results are shown in table AY. In this 
table, Negroes and otherraces are not shown separately, 
because these separate races were not. tabulated by 
single years of age in the 1940 census. In  interpreting 
the table, it  sho-uld be noted that the extent of heaping 
or ddiciency at  any particular digit is indicated by the 
an:ount by which the percent shown for* that digit 
differs from 10 percent. . The “index of preference,” 
which is the sum of the absolute deviations from 10 
percent, is aaseful general measure of the amount of 
bias present. The smaller the index, the less error is 
present, since if there were no bias, all the percentages 
would be exactly 10 percent, and 6hc index would bc 0. 

 SEX^ IN THE UNITED STATES, +OR 1935 DEATHS AND 1940 
CENSUS POPULATIONS: NUMBERS REPORTED A T  EACH D I G I T  

TABLE .4Y.-PREFEHENCE FOR DIGITS OF AGE BY RACE AXD 

OF AGE A S  PERCEW’I. O F  TOTAL KChlRER 

10.6 
8.9 

10.0 

10.3 

10.9 
9.8 
9.7 

10.1 
9.9 

9.8 

---- 
Male :$; 

---_ 
lg.8 15.9 

4.4 7.3 
9.8 9.6 

8.9 9.1 

14.5 14. 1 
8.4 8.6 
8.2 8.4 
9.7 9 . i  
8.9 8.9 

n. 4 8. 4 

3.8 20.6 2 0 0  

0 
I _..______ ~.-. 
2 _.._______.__ 
3- . - .  ._.______ 
4 ____.__-.____ 

5 ____.___.___. 
6 ____.________ 
7 ____________. 
8 _____...____. 
9 _.__.___.____ 

Index of pref- 
~ erenix d . - - - -  

Nonwhite 

- 
11.1 10.5 
8.7 9.0 

10.0 10.0 
9 . i  9.9 

10.1 10.2 

11.4 11.0 
9.6 9.1 
9.6 9.8 

10.1 10.1 
- 9.7 9:s 

5.411 3.6 
I 

- 

?t,lad 

__ 
14.6 
6. 8 

10. 1 
6 . 3  
9.0 

12.5 
9.0 
6.8  

10. 6 
10.3 

16.2 
-- 

_- 
Fe- 

male 

15.0 
6. :I 
9. 9 
8.2 
8.8 

12.4 
9. 0 
8.7 

11.2 
IO. 5- 

__- 

la. 2 

1 Computed by Myws’ hlendrd metlid.  using starting ages 21 to 32 a i id  riuling 

2 Sun1 of drriatioiis frcni I(I i’viient, takm witlioiil recard to sign. 
at age 99 in all cases. 

Inspection of the values of tlie indes of preference 
sliows, ns might be expected, that tlic error is much morc 

, serious for the nonwhite. than for thc white races. 
Among white persons, there is slightly greater bias 

- 29 Myers, Robert J., Errors oiid Dim in fhe Reporting o J A g e s  in Cmrus Yoln ,  Tram 
actions, Actuarial Society of America, rol. 41, Part 2. So. 104, pp. 395-415, Oetoher- 
November 1940. See especlslly pp. 402-4Oi. 411-415. 
a See p. 120. 
31 Far the detnils of Myers’ mrthod; see his articlr, prrvioo.slg ritrd. , 
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in the populations’ than in Ihe death statistics; but 
among the nonwhite the reverse is true. In  fact, in the’ 
nonwhite deaths, the heaping on digits 0 and 5-is so 
pronounced that all the other digits show a deficiency. 
Table AZ shows the value of the index of preference 
for the total population in each census from 1880 to 
1940. .With thc exception of tlie 1940 figure, thesc 
values are taken from Myers’ This tablo 
indicates a steady improvement over the entire period 
in the accuracy of age statements. The relatively lou- 
figure for 1900 is due to the fnct that in that census both 
age and date of birth were nskcd for, while in othcr 
censuses only age was obtained. 

TABLE AZ.-INDEX OF PREFERENCE IN STATEMENTS OF AGE IN 
THE CENSUS OF POPULATION: UNITED STATER. 1880-1940 

-.  
The percents in table AY may be used to test tlie 

effectiveness of different grouping niethods Ey adding 
the percentnges for tlie fivc digits which arc combined 
iii the particular grouping method. Tliit closer the 
resulting total is to 50 percent, the better is the give]: 
method. Table BA shows tlie results obtainecl with thc 
dntn of table AY. If it cnv be-assumed that the pattern 
of digit preference among the 1939-1941 deaths was 
similar to that found in 1935, evtiluation of table BA 
pusely on the busis of the proximity of tlie totnls to 50 
percent would indicate tlic best groupings for deaths to 
be “1-5,’ for whites and “2-6” for nonwhites; wlde for 
the populations tho preferred groupings w-ould be either 
“4-8” or “5-9” for whites nncl “4-8” for nonwliites. 
Hoivever, in computing ratcs of mortality, if the snme 
grouping is to be usecl for both populations and deaths, 
it is of little avnil to  select tdie most effective groubing 
for populations if this grouping procluces marked bias 
in the death figures, and vice vcrsn. On the other hand, 
the correct mortality rates will be obtained, even with 
considcrnble error in both population and death sta-. 
tistics, if both are deficient or both excessive in the same 
proportion. This suggests choosing us the best agc 
grouping for mortality ratc calculations the one $1 

which the smallest difference is found betwecn the 
pascedts in table BA for deaths and populations. This 
criterion indicates as the best groupings 5-9” for 
whites and “4-8” for nonwhites. Since the “5-9” 
grouping appeass to be an advantngeous one for tlie 
datn of white lives, and no other grouping is actually 
available in the ceilsus for Negroes arid other races 
separately, and in view of Ihe simplification which 
results from employing the same grouping for both 
populations and deaths, it was decided to use the “5-9” 
grouping throughout. 

< <  

JZ $rye=, op .  cif., p. 403. 
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Total 
deaths 

49.9 
50.8 
50.4 
50.8 
M . 4  

- 

TABLE BA.-PERCENTAGE OF TOTAL REPORTED IN VARIOTJE 
QUINQUENNIAL AGE GROUPINGS IN THE UNITED STATES, FOR 
1935 DEATHS AND 1940 CENSUS POPULATIONS I 

, 

White Nonwhite White 
Total - 
P0PU- 

Fe- lation Male Male male 

50.1 49.9 49.0 48.5 48.9 49.5 
50.8 50.8 50.0 49.8 50.0 50.4 
W.6 50.5 48.4 48.6 49.2 49.B 
50.8 50.8 40.7 49.9 49.9 49.9 
50.4 50.4 49.7 49.7 50.2 50.0 

----~---- 

1935 DEATHS I 1940 POPULATIONS I 

Male 
- 
40.7 
48.9 
47.6 
49.9 
51.2 

~- 

$& 
45.0 
48.3 
47.1 
50.1 
51.8 

--- 

~. 

- 
Fe- 

male 

49.0 
50.1 
49.3 
50.0 
50.1 

- 

- 
I The Ilguws in l l i i v  tnhle wcrc ohtninrd by summing the npproprinte o n k  in 

1.nhle AI’. 

General procedure used in obtaining rates of mortality 

The met.hod uscd in obtaining mortality rates for 
individual gears at age from the grouped data at ages 
5 and over was that of osculatory interpolation. This 
nicthod has been used for many yenis in the construc- 

’ tion of the national life tables of England and Wales, 
and the United States, and was adopted in the most 
recent official life tables of Canada and Australia. It 
produccs a satisfactory degree of smoothness while at 
the same time yielding mortality rates which fit the 

- original d a h  closcly. Osculatory interpolation may be 
defined as that method of interEolation which insures 
smooth junction between the curves representing thc 
interpolated values in adjacent tabular intervals by 

’ requiring that such adjacent curves have the same 
first derivative (or, sometimes, the same first and 
second clerivativcs) at  the point of juncti0n.3~ 

In applying the principle of osculatory interpolation 
to the construction of lifc tables, there are two possible 
methods of approach. In  the first method, osculatory 
interpolation is npplied to the popultitions and deaths 
separatcly in ordcr to obtain smooth interpolated values 
for single years of age. The rates of mortality are then 
computed by relating the interpolated values for deaths 
and population at  each age. In  the second method, 
“pivotal” rates of mortality are obtained a t  specified 
intervals, and osculatory interpolation is thcn applied 
directly to the mortnlity rates, in order to fill in the 
intermediate values. The pivotal rates are obtained 
by first deriving pivotal values of populations and 
deaths separately from qiiinquennial (or other) sums 
of data, usually by ordinary interpolation, the intcr- 
polation process being somctimes combined with a 
certain amount of graduation, or smoothing. 

There has been much discussion of the relative merits 
of these two methods of approach. The h-st method 
was introduced by Dr. john Tatham and used by him 
in constructing the English Life table number 6, covcr- 
ing the period 1891-1900. I t  was improved by George 
King, and in-this improved form was adopted in this 

at ages 6 and over 0 

. 

. 

For a synopsis oI the theory of osculatory interpolation and of the historlenl 
development 01 the subject, see Hugh H.  Wolfenden, The Fundamental Principles 01 
&fatherrialicol stOlisli&, pp. 1%-132. Actusrinl Society of America, New York, 1942. 

I 

country by Glover and Foudray and has been used in 
a.U previous United States life tables. The second 
method was introduced by George King in connection 
with the English Life tables numbers 7 and 8, and has 
been followed by Sir Alfred Watson in peparing the 
subsequent tables numbers 9 and 10. It has also been 
used in the most recent official life tables for Canada 
and Australia. For the former method it is argued 
that by its use the investigator is enabled to keep closer 
to the original data, and can test the reasonableness of 
the intcrpolated results in the light of his. knowlcdge of 
the basic characteristics of the populations he is deal- 
ing with. Thc method also has the practical advan- 
tages that it requires no decision RS to the ages at 
which pivotal values a’re to be calculatcd or the for-, 
mula.to be used in obtaining them, and that mortality 
rates for any combination, of the original population 
classes can be readily obtained without performing a 
new interpolation. Such a case, for example, would 
be the preparation of a life table for total whites, after 
separate tables for white males and white females had 
been completed. 

For the second method it may be mgued that a.11 
mathematital formulas of interpolation, particularly 
those of thc osculatory variety, are based on the assump- 
tion that the values being estimated can properly be 
expect.ed to €orm a smoot.11 series;- Now, it can reason- 
ably be expected that, with a large eqough body of 
data, the rates of mortality should exhibit a smooth 
progressioii from age to nge. However, the populations 
and deaths at single a,ges, arising as they do from 
fluctuating annual cohorts of births, and affcctcd to a 
considerable extent by the incidence of .past migration, 
can hardly be expected to be perfectly smooth. Hence, 
Lhe assumption underlying the use of an interpolation 
formula is not entirely valid when it is applied to such 
data. Tbcre is also a practical advantage in that only 
me complete interpolation is required, as against the 
t,i-o separate interpolations needed in the other method. 
Also, the second method is found, itl general, to producc 
FL smoother series, because the graduating effect of the 
mulatory formula is applied directly to the mortality 
.sates. A further point is made by Sir Gcorge Hardy, 
who states 34 that in “graduating separately the num- 
oers in the two series of ‘exposed to risk’ and ‘died’ 
pather than their ratio, . . . we thereby discard pur 
previous knowledge of the nature of the cumk expressing 
that ra t ioaur  general knowledge, that is, of tllc 
iature of the curve pz or pZ.” 

In  the prcparation of the present life tables, careful 
:onsideration was given to the choice as between tlic 
AVO general methods of procedure, and experimental 
:alcuIations were made by both methods. In the end, 

, 

;he method of operating directly on the rates of mor- 
;ality was adopted, as it was found to producc smoothcr‘ 

‘ 

. 
a4 Hardy, 0. F., The Theory ofthe Construction of7ables of Morfalify ond of Siniilor. 

#atiafical Tables in C*se by the Aclitary, p. 21, Chnrles and Edwin Lnyton, London, 
YCH). 

. .  
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valucs, and- tlie theoretical asguments in its favor 
seemed more cogent’. Pivotal values of both popula- 
tions and deaths were obtained by interpolation for 
the middle age of each of the age groups usccl: that is, 
a t  agcs 7, 12, 17, ete., and t.he corresponding pivotal 
rates of mortn.1it.y were obtained by t,he usual formula: 

wlierc D, and Y, denote t-lic pivotd vnlues of cleaths and 
populat.ions, respectivcly, and n is the number of years 

This 
formula is obtained at  once by substituting in formula 
(24) the value of m, given by forliiula. -(22). On the 
basis of these pivotal rates, values of qz were obtaincd 
by osculatory interpolation for all integral ages from 
age 6 to the limiting age of rach life table. Thc formii- 
las uscd in obtaining -pivotal values and in performing 
tlic oscula tory interpolation, tlic mctliod of securing 
smooth junction with the.mortality rates at. ages under 
5, and the special devices adopted to extend the tables 
into tlic veiy high’agcs where tlic use of actual data 
lcyls to unreasonnble results, arc described in the sec- 
tions which follow. 

Pivotal value formulas employed 
Thc pivotal value formula employcd in thc majority 

of cases was the usual King forniula, which, written in 

VI= .2w,- .00862w, (26) 

. in the period of obscrvation: in this instancr, 3. 

’ ccn tml diff ercncp no tation, is: 35 

wlicre v, drnotcs nn in&rpolat,ed value for the single 
year of a.ge z; w, denotes a quinquennial sum of data 

ccntercd on age x: in’ other words, w,= wlicrc 

the “u”” denote unadjusted single year values; and 
the symbol 6 denotes a central difl’erencc38 tnken at  
quinqiicnnial intcrvads. ln othcr words if data (e. g., 

tive 5-year age groups, this is a formula for estimating 
the number a t  tlic single age in the middlc of the 
middle group. If the single year values for all 15 ages 
are exactly fitted by a third degree polynomial, this 
formula gives cmctly the correct value. The assump- 
tion is, therefore, that’ the single year values woidd be 
approximately fittcd by a third degree polynomial if 
they were unafl‘cctcd by age heaping or sampling error. 
To facilitate tlie numerical computation, the formiila 
was put in the alternative form: 

v,= - .OO8w,-,+ .216wz- .OO8wZ+, (27) 

which was used (with certain exceptions to be noted 
later) t.0 compute pivotal values of populatiqns and 
deaths a t  each fiftli age from age I2 to 97. The pivotal 

4 

2 

1=--2 

deaths or populntions) are available for 1 threc consecu- 

, 

a For R drrivation of King’s formula, see pp. 109-110 of Wolfenden’s Actuarial 

Je Freeman, Harry, Mafhmnt i r s  for Arfrrnrin? S/uludtnfs. w1. 2. p. i o ,  Cnmhridgo 
Study, previously cited. 

University Press, 1.ondon. 1‘JW 

values for populations were taken to the nearest 
intcger; those for deaths, to two places of decimals. 
In applying formula (27) to obtain ‘pivotal values at 
a.ge 97, figures for the age group 100 and over were used 
as  though they represented the age group 100-104. 

Applying King’s formula. to obtain a pivotal value at  
age 7 would involve substituting in the formula a value 
of w2, which\vould be a sum of data for the-age group 
0-4. It was not considerccl propcr to regard such a 
figure as belonging to tlic &me series with the other 
“w” values: in the case of the deaths, because of tlic 
special mortality conditions prevailing in the first year 
of life; and in tlic case of the populations, because of the 
subslantial underenumeration of infants and small 
childrcn in tlic ccnsus. Hence, the pivotal values at 
agc 7 w’erc obtained by the following special formula 
based on ordinary interpolation from sums of data for 
the three age groups 3-4, 5-9, and 10-14, assuming that 
the 12 single year values can bc fitted by a second degrec 

I 

curve : 
ZI -- 1 [-25(~+s4)+157w7-7w12] (28) 
7-700 

To derive this formula, suppose that u ~ + ~ = ~ + Z J ~ + C ~ ~ .  
Thcn, 

u7=a 
w,=5a+10c . 

u3 -+ u4 = 2a- 7 b f 256 
w,,=5a+25b+135c / 

Now if it be assumed that u7=rn.(u3+u4)fnw7+rwI2, 
substituting thc above exprcssions and cquating ,coeffi- 
cients of a, b, n,ncl G gives: 

2m+5n+5r=l 
- 7m+ 25r= 0 

25m+ 10n+ 135r=O 

Solving these equations yields m= -%, n= 1 5 3 { ~ ~ ,  and 
y = - l /  

(28). 

pivotal value fGrmula were confined to the life tables for 
Negrocs and other races. In working with Negro 
data i t  has often been found that the substantial amount 
of heaping presenttends to produce cyclical fluctuations 
or waves which give to cert,ain portions of the graph 
of the q, function somewhat the appearance of a sine 
curve superimposed on the basic mortality curve- This 
condition is quite appamnt in thc published graphs . 
of the g, function in certiin previous Unitcd States life 
tables. 37 However, this peculiarity can scarcely be 
considered a genuine characteristic of the data and there 
would seem to be little justification for reprqducing i t  in 
the life table. 

I t  will be remcmbered that in thc discussion of digit 
prcfereiice in age statements the “5--9” grouping 
was found to be not the most desirable for the nonwhite 

r’ 

which are precisely the coefficients in formula 

The other exceptions made to ‘tlie usc of King’s . 

. 

37 U. S. Burrau of thc Census, op.  cif., p. 245; and Unifcd Sfntcs Life Tables, 19.%fSg 
:Pre!iminar#). for 1Vhife f i n d  h’on~uhifc, By Ser, 1 ~ .  12-14. Joly 1941. 

33 R w  p. 121. 
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data. In fa.c!,, t8nblc l3A shows tliat in t.lic. digit groupiiig 
,519, the nonwhitc populations arc overstn.tqd, wliilc thv 
nonwliitc dcatlis arc nndcrst,ntcd. I n  tlir digit group- 
ing 0-4, thr  rrvcrsc would of course be triir. This would 

. mean that tlic ratc of mortality would bo consistciitly 
understated in tlic groups’consisting of ages cnding with 
the digits 5-9, niid consistently overstat.rtl in the “ 0 4 ”  
groups, producing just tlie sine curve cffcct8 so frcrjiiciitly 
oLscrvec1. \!‘lien pivotal valucs wcrc obtniiicd by 
King’s formuln, this teritleii cy was clcady obscfvcd from 
ngc‘ 30 to nboiit ngc GO, wlicrc i t  became o?sciircd by 
more serious errors in age Ntliougli the 
osculatory intcrpolation formiila uscd has a inotlcr:i.tc 
graduating effect, this was foiind not to eliminate the 
yuviness entirely. Thcrcfore, i t  mas clcckled to iisc also 
n pivotal valiie formula whicli incorpoi-n tcs n.n elcamen t 
of graduation. 

fir = f [ .G9Gwz + .488( w*+~ + w,- - . 1 36 (wr.+ + wr- lo) @O ) 

This formula gives tlic mitldlc tcrni of n 25-tc11.m scbrics 
summcd in five groups of fivc, oii the assumption that 
the iiidividunl terms can he rcprcscntccl by II third 
degree curvc. Howcvc~r, it, is not uniquc in this respect, 
as an infinite nurntwr of otlicr formulas csist wltich havc 
tho, snmc property. Its uniquc:ncss lirs in the €act that, 
of the cntirc class of such formulas, this is the onc for 
which the mcnn q u a m  crror of thc interpolated valuc, 
I ) , ,  is least, on tlic assumption that the incan squaw 
cwors of the five sums of “u” values are all-equal.” 

This formul;i inrolvcs tlio msumption that the “ truc 
vn,luwlJJ nftw adjusting for ori*ois in tlirt data, of n.iiy five 
conswutirc ngr groups will lw  csact.ly fitted ~ J Y  n thiid 
degree CIIPVP. T h w  are cc.rt.iiin portions or the 
mortdity c.iirvo ir i  wliicli this assumption- is unsuitable. 
For both Ncgi.oc-s and  “otlicr races,” this is truc of tlic 
ages under 30, wlicrc? the dcntli statistics form n curve 
with very rapidly cltnnging c ~ ~ r v a t ~ r c ,  ancl whcrc, in any 
casc, the tcndciicy to ‘‘WLLV~IICSS’~ is not apparent. 
Hcre tlie use of foimula (29) was fount1 to produce 
unwarra.ntcd distortion in, thc inortality ratc; accord- 
ingly, Ring’s formula was ukd .  For the . N c ~ ~ o c s ,  a 
similar sitiiiitio~i exists h y o i d  age 75, whcre both 
populatioiis and deaths are decrcasing so rapidly tliat 
tlic assumption 01 fitting a tliirtl degree curvc to tlic data 
of five consecu tivc agc groul~s was clearly iiiappropriatc. 
I n  the case of thc data for c‘otlicr MCCS,” popiilntions 
rind death@ also dccrassc ra.piclly above cigc 75, but tlic 
figurcs.we so irrcgulnx, bcciiuse of tlic small size of t’lic. 
(lata,- tliat t ~ i c  smoot1iing cft’cct of tltc spccial formuln 
(29) was iiccdcd, uiitl tlir d u e s  arc so rougli, iit nny 
cnsc, that  aiip distortmion rosulting~ from t,ltc usc of Lliis 

The formula selectctl for this purpose wns Io 

1 

, 

- 

’ 8  sa: 1). 110. 
( 0  ‘l’his kirniuln w a s  first publish~rl in a11 nnsipncd hiwk ri?’iiw io ~ I I ~ J ~ ~ I I I I I ~ ~  of I hc 

I 1  is ~ l s o  eivcvi 11). Iiislitute or Aelnnrii*s, mil.  51. No. 2i?,  11. :%fa, Oclo1ti.r lul!l. 
Wollcnden in his Ai:lutwinl Stiicly (iiri.\ ioiisly cited), I). 113. 

(I RCC Wollrnclrn’s ilt.riwltiou of Illis 1111 iiii1111. 11trtw1y rdwrivl,ln. 

formula is iiot of much importance. To sum up, 
formula (20) was usad instead of King’s formula in 
ohtdining pivotnl vducs of populations and deaths at 
ages 32 to  72, inclusive, for Negroes; and n t  ages 32 to 
87, inclusivc, for “othcr races.” 
Derivation of pivotal rates of mortality 

Pivotal wtcs of morlality wcrc computed a t  cvery 
fifth agc fi*oni agc 7 to ngc 97 by applying forinuln (25) 
to tlic pivotnl vnlucs of populations iiiicl clcatlis. ‘I’licy 
wcrc cwricd out to scvcn decinhl places on a unit basis: 
that is, to four dcc.imti1 plnctrs on a per.1,000 basis. Tlw 
progrcssioti of tlicsc rates at the very high ages was 
carcfully sludicrl, and unsuitable valucs wcre rcj rctcd 
by inspection. I n  tlic end, tlie originally cdlculnt,cd 
rntcs wcrc retained through age 92 for white males and 
fcmalcs n i i d  Negro inalcs, and tlirougli agc 87 for 
K cgro femiilcs and “other races” ninlcs and females. 
I n  tlic case of the life tables for combinations of classes, 
pivotal rntcs of mortality wcre obtaincd by summing 
scparatdy the values used ns numerators nnd dcnomi- 
nators in obtaining pivotal ratcs for tlic individual 
classcs, at all ages at which the originally calciilated 
rntcs wwc retained for all the. individual c.Iasses 
inchidctl. 
Treatment of the very old ages 

At tlie vi!ry old agcs (those above age 90, approxi- 
mately) mortality ratcs obtnincd in tho convcntional 
rnaiincr froin the data as reported frequently nppcar * 

uweasonablc or even nbsurd. This condition is prob- 
nbly due in part to ina,ccurncics in age statemcnts, 
and in piirt to rancloin ii-rcgularitics mndc possible by 
tlic wry small size of the expcricncr. n t  tlicse ages. It 
is customary, tlicrcforc, to rcjcct thosc values whic.li - 
nrc considcrcd unsiiitnl.)lc, and to cncl tlic lifc table in 
some inorc or less artificial manna-. From a practical 
standpoint, it probably ma.kcs littlc diflcrcncc what 
method is used for this purpose, as little rcliancc is 
placed on the yducs ohtnincd at tlic \wry old ages, nnd ; 
tlicy affcct only slightly otlicr life tablc d u e s  wliicli 
rue extciisivcly uscd. ‘l’hc question may propcrly be 
raised as to why it  is necc:ss~w-y to s l i o ~  lifc tablc vnlucs . 
at all beyond those ngcs a t  wliicli t,licy can be cor- 
sidercd rclinble. It may be niiswwcl that, in aider to . 
obtriin vnlurs of the avorcigc. futuro lifetimc nnd of life 
ruinuity niid assurnncc prcniii~~ns, it is ncccssnry to 
ns~umc.  some vii1uc.s of tlic rntc. of mortality ut thc 
oldest nges, ancl tlic user of tlic tahlcs may properly 
wish to bc informed as t.0  lint vn1ut.s ware assunictl. 

111 c~oiincctio~i with the lifc tu.blcs iiirlutlrtl i t i  this 
volu~iic, the usc of a fift-li tli8ciwwc iiitcrpolti.tion for- 
iiiuln (ns described i i i  tlie ncst subscction) mn.ctc it 
cIosirtlbIc LO citcntl tlic scbrics of pivotal ratcs of mortal- 
ity in somc! mn.nncr, prior to prrforming the-intwpola- 
tion. 
tlcgrcc ( * I I ~ V C  to tlic lnst four pivotnl rates rctainrrl. I n  
rnrrying oiit. tlic :ivt iiril nritItnic4c~, c w l i  pivotnl 1.ntc1 

8 

a .  

‘ 

. 

, 

~ 

. 

- 

This was clonc!, i t i  cadi casc, by fitting n tliirtl ’. 
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beyond those retained from thc original serics was com- 
puted from the four preceding ones by thc formula: 

~ z = 4 ~ ~ _ ~ - 6 ~ ~ - ~ 0 + 4 ~ ~ - 1 5 - ~ ~ - ~ o  

. I n  the case of the life tables for conibinations of 
classes, pivotal rates of mortality wer'e not calculated 
beyond age 92. A special problmi arose a t  age 92 when 
individua.1 classes for which the originally calculated 
rate liad been rejectcd were incluclcd in the conibina- 
tion. In such cascs tlic pivotal value of thc number of 
deaths, as originally ca!culated, was regarded as the 
correct numerator, and an adjusted denominator was 
obtained by dividing tliis numerator by the extra- 
polated pivotal rate of mortality. These adjustcd 
denominstois were carried out to two decimal places in 
order to avoid inconsistency between the life tables for 
combinations of classes and tho& f ix  the individual 
classes included. 

Osculatory interpolation formulas used 
The osculatory interpolation formula used for thc 

main body of the life tables in this volume was Jenkins' 
modified fifth differencc formula ,42 The word "modi- 
fied" in the name of this formula.indicates that, al- 
though satisfying the conditions of. smdoth junction, it 
does not exactly reproduce the pivotal ratesof mortality, 

. but  has .a moderate graduating effect.. The advantages 
of using a forniula of this type liavc been aptly expressed 
by the Scott.ish actuary, James Buchanan, who says:43 

The weak point of - the osculatory method, regarded as a 
smoothing agent, rests on the fact that the graduated curve is 
required to pass through certain predetermined points. The 
curve will in fact be const.rained to take u form similar to that 
assumed by a flexible steel wire which is clamped at fixed points, 
so that, while the curve is free from discontinuities, any de- 
parture of these points from the smoot,h curve will be reproduced 
n-ith resulting undulations. To remove this tendency to wavi- 
ness, Jenkins has devised his niodified osculatory method, which, 
while requiring the successive iiiterpolation curves to have the 
same slope and curvature at their coininon points at, t,he end of 
each interval, does not require the curves to pass through the 
points corresponding to the calculated values. 

The practice of employing such a formula in the con- 
struction of national life tables' has been slow to gain 
general acceptance, perhaps because it has been con- 
sidered that fidelity to the original data is here more 

-fundament.al than smoothness. However, experience 
has shown that a well chosen modified osculatory for- 
mula can usually be depcnded on to preserve the basic 
underlying trend of the mortality curve, only local 
irregularities being smoothed out. kational life tables 
are being increasingly used for population .proj ections, 
valuation of old-age pensions and survivors' benefits, 

' 

. 

('Jenkins, W. A.. Gradualion nosed on a Afodificafion of O8culalor~ Infcrpolatiow 
Transactions, Actuarial Society of Anierica, vol. 28, Part 2, No. 78, p. 202, Octo- 
ber 1927. The Ioiniula is also given (in a form more closely resembling that employed 
in thls volumc) by Robert Henderson, Mathematical Theory of Graduation (Aduorial 
Studies N o .  d), second edition, p. 22, Actuarial Society of America. New York, 1938. 

Buchanan, James, Recent Dwelopmnrts oJ Oaculatory Interpalalion, IVifh Applica- 
1 ions lo the Conslrudion of Nidionol and Olhcr Life Tables. Transactions of the Facnlty 
of Actunries (Scotlmd). vol. 12. Part 5. No. 111. pp, 117-1M~, IYZQ. 

146805 0 - 47 - 9 

mid other calculations in whicli a lack of smoothness 
in the life table is likely to produce irregularities and 
inconsistencies which, although minor, can be awkward 
and inconvenient. Also, it may justly be argued that it 
is better to produce a smooth table which, in all likeli- 
hood, represents the truc underlying conditions 'as 
precisely as they can be inferred from a careful analysis 
of the data, rather than atable which merely reproduces 
the data along with all the errors-they are known to 
c~ontain. It is a virtue of the bettbr modified osculatory 
formulas tha.t when applied to a series containing many 
undulations, such a.s rutcts of niorta.lit.;y for Negroes in the 
Uriitcd States, thcy exert a considrrablc smoothing 
effect, and yet when applied to a scries which is already 
fairly smooth, such as thc corresponding r'atcs for white 
pcisons; they produce only a n  insignificant cliangc. 

In the caw of 5-yehr age iiitcrvals, Jenkins' modified 
fifth diffcrcncc formula rail be written in thc form:"4 

where u, and u,+~ denote consecutive pivotal values, 
6 denotes a central difference as bcfore, 2 is a number 
bctwecn 0 and 5, s=5- t ,  and vatt dcnot,es the interpo- 
lat,ed value obtained by the formula. This formula 
produces contact of the swond order: that is, the 
iiitwpolation curvcs in any two adjacent age intervals 
have q u a l  ordinates and equal first and second deriv- 
atives a t  thcir point of junction. It may be notcd 
that tliis formula gives, on suhstitiifing t=O and 3, 
rcspcc bively: 

- 
(3 1 ). 

(32) 

These results show that the pivotal values are adjusted 
by the formula to the extcnt of 1136 of the n c g a t h  
of the corresponding fourth central diff ercnce. Sub- 
stituting the expressions (31) and (32) and writing 

6*ya for 62ua-@4u, tlic equat.ion (30) becomcs: 

1 .  
36 

. _  1 

tJ, = u, - ;-64ua 

lJ.+j=uo+5 - - 3 6 6 4 ~ a + 5  

1 

I n  using a formula which appears in this symmetrical 
form, the arithmetic can be considerably shortened by 

(4 ?'he form given here differs from that given by Jenkins and Henderson for the 
reason that here the single year of agii is taken as the unit of reckoning, while in the 
other forrnnlntions the unit is the entire interval of interpolation (in this instance. 
5 years). The formula given here is readily obtained from Henderson's cxpression 
upon replacing 2 by ! /5 and g by s/5. Jenkins' original stetrnient of the formula 
wns in terms of ndrancinl: differences rattier than crntral differences. 

* 

. 
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employing a spccial computation ‘process in which tlic 
resuks of certain calculations are used 

In the construction of all the life tables in this volume, 
* this formula was used for interpolation from age 39 to 

the end of the table. . AS stated in the preceding sub- 
section, the series of pivotal rates of mortality was 
.extended to the very old ages by fitting a third degree 
curve to t.lw last four of the original pivotal rates 
act,uall-y used, which is, of course, equivalent to as- 
suming fourth differences to  be 0. Uhdcr these condi- 
t,ions, formula (30) reduces to: 

which is merely tlie ordinary Everett interpolation 
formula for quinquennial intervals. This shows tlic 
spccial convenience, in conne@,ion with Jenkins’ 
modified fifth difference formula, of the particular 
mcthod chosen for terminating the life tables. It may 

- b e  noted that, in-carrying out the extrapolation for the 
very old ages, the second differences a2ua were values of 
a first degree curve (or straight line), and could there- 
fore be obtained by the formula: 

62ua= 262ua4 - 62u;-lo (34) 

This forniula holds a t  the last age for which the calcu- 
lated pivotal rate was retained, and at  subsequent ages. 

I n  the case of the life tables for combinations of 
classes, it was found that interpolation of t.lie rates of 
.mortality bcyond age 92 would, in some instances, give 
results inconsistent with the rates for the coniponent 
classes. Therefore, in all these tables, the in terpolation.was 
tcrminatcd at  that point, nnd mortality rates for eub- 
sequent ages were obtained from thc 1, column of the 
life table, which was itself derivcd by a special process 
to be explained later. - The value of b2qg2 to substitute 
in the interpglntion formula was obtained by equation 
(34). This, of course, implicitly assumes the cxistcnce 
of an extrapolated. pivotd rate a t  agc 97. 

Because of the rapid change of curvature of-the: qz 
curve at  ages under 30, and t,he small size of the ratc of 
mortality at these ages, the fourth differencesbf qz are 
quite large in relation to t h e  values of qz itself, and an 
excessive adjustment is introduced by Jenkins’ for- 

’ mula, which has the effect of replacing the pivotal values 
originally cdculatcd by adjusted values obtained by 
formula (31), involving a fourth difference correction. 
I\/roreover, the mortality curve commonly displays 
genuine irregularities a t  these ages, which it is not 
desirable to remove by a smoothing proeess. There- 
fore, it seeme? the wisest course to use a formula which 

- 

I 

( 8  Freemi,  op. cit., pp. 73-75. See also T. N. E. Greville’s discussion in the 
Record, American Institute of Actuaries, vol. 32, Part 1, No. 65, pp. 86-87, June 
1943. Bee also Louis 1. Dublin and Alfred J. Lotka. Length of Lije, pp. y339, The 
Ronald Press Co.;New York. 1036. 

(0 Freeman, op. &., p. GG. The Iorm given herc may be obtained from Freeman’s 
expression by substituting central differences for advancing differences, changlng the, 
origin so that a corresponds to Freeman’s “0.” and replacing I by //5 and E by 815. 

would rcproduce the pivotal values. The formula 
selected wa,s the familiar Karup-King formula,” . 

s Sys-5) t t’( t- 5) b2ua+-u + ~ - 6 ~ u a + 5  (35) 5 a+5 , 2dO va+ I= pa +- -- 250 

This formula was used for interpolation in dl the life 
tables bctwcen ages 12 and 27. 

Between nges 4 and 12 and -between 27 and 32, 
special es tensions were devised in order to secure 
smooth junction, in tlic one case with hhe mortality 
rates under age 5 specially computed from birth and 
death statistics, and in the other casc with the rates 
above agc 32 interpolatcd by Jenkins’ formula. 
Inasmuch as both tlic two interpolation formulas are 
of the third dcgrce, third degree curves were employed 
for the spccial extensions as well. The curve used for 
ages 5 to 11 was required to reproduce the calculated 
rates of mortality at  ages 4, 7, and 12,-md to have the 
same derivative at  a.ge 12 as the Karup-King curve 
used bctwecn ages 12 and 17. The curve used for 
ages 28 to 31 was required to have its ordinate and 
first derivative equal to those of the adjoining Karup- 
King curvc at  agc 27 and to those of the adjoining 
Jenkins curve at age 32. In  both cases, there are 
four conditions imposed, and this is enough to determine 
a third degree curve. In  each case also, it  was possible 
to regard the interpolation by the special curve ag 
merely a further application of the Karup-King 
formula, by utilizing a suitable artificial extension of 
the series of pivotal 

Seven decimal pla.ces were retained throughout the 
interpolation process, and the- resulting interpolated 
rates of mortality werc rounded to six places. 
are furthcr rounded to five places (or two places on a 
per 1,000 basis) in the published tables. 
Test of the graduation of the rates of mortality 

Tests wcre applied to  the final rat2s of mortality in 
each of tlie six life tables for individual classes of the 
population to determine whether the graduation could . 
be deemed satisfactory. It was not considered neces- 
sary to test separately the mortality rates for com- 
binations of classes. In  making such tests, there are two 
chief points to be considere‘d: (1) conformity to the 
original data, and (2) smoothness. Conformity to the . 

They ’ 

original data is usually tested by calculating, for each’ 
age group, the number of deaths expected on the basis 

47 This formula WBS flrst published by Johannes Karup in his nrticlc, On n New 
Mechanical Method 01 Qraduation, Transactions of the Second International Actuarial . 
Congress. p. 83, Charles and Edwin Layton. London, 1899. It was discovered 
independently by George Khg  who published I t  In the Journal of t i e  Institute of 
A c t u h s .  vol. 41, p. 545, October 1907. Slnce its publication by King, it bas been 
used extensivrly in the construction of national life tables, both in England and 
elsewhere. The formula is also given, in threc dlffcrent forms. by Wolfenden in his 
Actuarial Study (prcviowly cited), p. 105. The expression given here is obtained at 
onca from Wolfenden’s form (e) upon replacIngz by t/5 and y by t/5, and changing the 
orlgln so that a corresponds to Wolfenden’s “0.” 

For a discussion of computation methods, see John Boyer, Osculatwy Interpolation 
in Practice, Record, Amcriprn Institute of Actuaries, vol. 31. Part 2, No. 64. 
pp. 337-338, October 1942. A method similar to that mentioned in connection wlth 
the Jenkins formula can also be employed. 

48 Tho formulas which were used for this purpose are derived in the appendix. 
p. 130. 

. 
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WIIITE 
5-9- _________._ 
10-14 _ _ _ _ _ _ _ _ _ _  
15-19 ______..__ 
20-24 _ _ _ _ _ _ _ _ _ _  
25-29 _ _ _ _ _ _ _ _ _ _  

of the calculated rates of mortality, mid comparing this 
with the number of deaths actually reported. This 

dealing with grouped data, questions immediately arise 
as to the proper method of calculating the expected 
deaths. The traditional method consists in multiplying 
the population at each single age by the number of 
years in the period of exposure and by the value of m, 
at that age, based on the life table. In the present 
case, howevcr, the populations used were estimated 
populations on July 1, 1940, and were not obtained by 

Nor could such values be made 
available without considerable additional work, and 
without making some assumption as to the distribution 
of deaths by single ages. As an approximation to this 
procedure, experiments were made with the expedient 
of distributing the population in each &year age group 
into single years of age in the same proportion as the 
corresponding population on April 1, 1940, the date of 
the census. In  the case of white males and white 
females, this method gave numbers of expected deaths 
consistently smaller than the corresponding number of 
reported deaths, although the differences were ex- 
tremely small in most cases. This condition resulted 
€rom the fact that the greatest“heaping” occurs at  the 
ages ending with the digits 0 and 5, and in the “5-9” 
mode of grouping these ages are, in every case, the 
youngest ages of the 5-year age groups in which they 
fall, and therefore, in general, the ages having the 
lowest mortality rate in the group. This padding at 
ages where mol‘tality rates are lower results in imder- 
statement of the expected deaths. 

Another possible method of computing the expected 
deaths would be to compute, from the life table, an 
average central death rate for each 5-year period by the 
formula: 

5mz= ~- 

and to apply this rate to t4e total population in the age 
group, multiplying also, of course, by the number of 
years in the period of exposure. In  the case of whi€e 
males and white females, tbis method has a tendency 
to produce expected deaths which are consistently very 
slightly in excess of the actual deaths. This results 
from the assumption underlying the method: namely, 
that the proportionate distribution by single years 
within the &year age group is the same in the actual 
population as in the hypothetical life table population. 
This assumption is not exactly fulfilled, as the numbers 
decrease more rapidly with age in the actual popula- 
tion, because of the effect of past migration and of a 
steadily declining birth ratc in past years. 

The fact that the general tendency of the relation 
between reported and expected deaths is completely 
reversed by making only a slight change in the method 
of computation of the expected deaths is in itself evi- 

-. would seem to be a simple enough ptocedure, but, in 

-single years of age. 

- 

(36) 12-12+6 

TS-Tz+, 

- 

16,716 16,590 __..___ 126 12.100 12,049 .______ 64 
17,062 17,273 211 _____._ 11.334 11,438 104 _.___.. 
28,507 a 4 3 5  _ _ _ _ _ _ _  22 19,140 19,045 _ _ _ _ _ _ _  8.5 

.35,522 35,277 _ _ _ _ _ _ _  245 24.475 25,382 _ _ _ _ _ _ _  , 93 
37,146 37,288 142 _ _ _ _ _ _ _  29,4W 29,536 46 ____.__ 

dence that an excellent fit hns been secured; and, by 
either method, the differences are in most cases small 
fractions of 1 percent of the numbers of deaths involved. 
However, it  was felt that a more meaningful comparison 
would be obtained by estimating the populations a t  
single years of age by an osculatory interpolation 
formula which preserves the 5-year totals. For this 
purpose, the Karup-King formula was used. In  this 
connection the interpolation in the.age gpoup 5-9 was 
performed by a special extension by means of a curve 
having the property of reproducing the enumerated 
population in tho age group 3 4 .  The resulting com- 
parison is shown in table BB. No comparison is made 
for the ages under 5, where the methods used in deriving 
mortality rates should,. at least in theory,. produce 
exact agreement between actual and expected deaths. 

30-34 _ _ _ _ _ _ _ _ _ _  
35-39 ______-  _--  
40-44 ___._____. 
45-49 _____.___. 
50-54 _ _ _ _ _ _ _ _ _ _  
55-59 _ _ _ _ _ _ _ _ _ _  
60-64 _____.____ 
65-68 _ _ _ _ _ _ _ _ _ _  
70-74 _____.____ 
75-79 _ _ _ _ _ _ _ _ _ _  

TABLE BB.-COMPARISON OF REPORTED DEATHS AND EXPECTED 
DEATEEI ON THE BASIS OF LIFE TABLES, BY RACE AND SEX: 
UNITED STATES, 1939-1941 

42,405 
53.285 
72,956 

105,256 
142 217 

173,192 
201,341 
229.887 
235,612 
2l% 875 

42.380 
53,186 
73,042 

105.074 
142.183 

172.725 
200,945 
228,805 
236,137 
208,614 

~ ____.. 15 33,709 33,664 _ _ _  _ _ _ _  45 _ _ _ _ _ _ _  89 39,774 39,703 ______. 71 
s6 _ _ _ _ _ _ _  50,335 50,435 I00 ____._. 

.______ 1P2 68,003 67,808 _ _ _ _ _ _ _  194 
276 _ _ _ _ _ _ _  87,083 86.991 _ _  _ _ _ _ _  Y2 

_._____ 467 107,050 106,940 _ _ _ _ _ _ _  110 _ _ _ _ _ _ _  3% 136,810 135,278 _ _ _ _ _ _ _  532 
18 ___.___ 1 7 1 , W  171,962 288 .___ _. 

525 _ _  _ _ _ _ _  193,091 193,359 268 ____... 
261 189,795 189,577 _--____I ’218 _ _ _ _ _ _ _  

Total 5 and 
over _ _ _ _ _ _ _ _ _  1,802,079 I 

Total of abso- 
lute vallres-- 

Net total--.--- 

NEGRO . 

30-34 _ _ _ _ _ _ _ _ _ _  13, I202 
35-39 _ _ _ _ _ _ _ _ _ _  15,927 
40-44 _ _ _ _ _ _ _ _ _  ~ 18,961 
45-49 _ _ _ _ _ _ _ _ _ _  21,830 
60-64 _ _ _ _ _ _ _ _ _ _  25,041 

55-59 _ _ _ _ _ _ _ _ _ _  22,455 
60-84 _ _ _ _ _ _ _ _ _ _  20,300 
65-69 _ _ _ _ _ _ _ _ _ _  21.700 
70-74 _________. 16.938 
75-79--- ._ _ _  - -. 1 I ,  302 

80-84 _ _ _ _ _ _ _ _ _ _  7.048 
85-89 _ _ _ _ _ _ _ _ _ _  4.2% 
80-94 2,060 
95 and over-.-- 1,589 

Total 5 and 
over _ _ _ _ _ _ _ _ _  23% 762 

Total of abso- 
lute vdues.-l 

h’et total-.-..-l 

3.617 
+I39 

2,561 _____- -  1s 
3.138 1% .._.._. 
8,399 .______ I26 

11.215 _ _ _ _ _ _ _  31 
12,286 33 

I 
5.041 
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Excess of ex- 
pected assumed over 

deaths __- 
--- + I -  

TABLE BB.-COMPARISON OF REPORTED DEATHS AND EXPZCTED - DEATES ON THE BASIS OF LIFE TABLEB, BY RACE AND SEX: 
UNITED STATER, 1939-1941-Continued 

_ _ _ _ _ _  
17 
114 
212 _ _ _ _ _ _  

1,622 

peeted over re- pected over re- 

+ -  
674 

_ _ _ _ _ _ _  
112 

1,176 

I 1 + 1 - 1  I 1 + 1 -  

20,036 
19,182 
17.t77 
16,039 
13,202 

-I-- ___I 

242 240 _ _ _ _ _ _  2 210 214 ___..__ 2 
222 226 4 _____._ 213 216 2 _ _ _ _  __. 

476 471 ______. 4 470 477 _._____ 2 
471 476 4 399 401 2..-..-. 

420 418 ______. 2 414 412 _ _ _ _ _ _ _  2 

I - - - - - - -  

____... 642 . 
20 __..__ ~ 

37 __.____ ' 

21G _ _ _ _ _ _ _  
_-____. 84 

1, 030 
1,128 
1,031 

' 804 
867 

443 
248 
131 
83 

In the case of Negroes and "other races," the dif- 
ferences between reposted and expected deaths are 
larger, and the comparison shows about the same rela- 
tionships, regardless of how the expected deaths are 
computed. The method used in the case of white 
lives seemed, however, entirely suitable, and was 
therefore adopted. Table BB shows, for both Negro 

. males and Negro females, a very large excess of expected 
over reported deaths in 'the age group 65-69, which is 
offset only to a small extent by deficiencies in the 
neighboring age groups. This is because the expected 
deaths were computed on the basis of populations as 
actually reported, while the rates of mortality are based 
on a redistribution by age of the population and deaths 
between ages 55 and 70. This redistribution was made 
in the belief that a substantial pumber of persons 
actually between ages 55 and 65 had been reported ai, 
ages between 65 and 70. If this is true, the expected 
deaths for the entire 15-year age period would be 
greatly overstated, because the rates of mortality are 
much higher at  the ages incorrectly given than at. the 
true ages of the groups affected by this error. Table 
BC shows how the comparison would be altered if bnsed 

' on the redistributed populations and deaths, and 
indicates that the calculated rates, of mortality conforni 
satisfactorily to the redistributed data. 

The traditional procedure for testing the smoothness 
of the graduation of a series of rates of mortality calls 
for examina.tion of the third differences of the graduated 

' rates. If these are reasonably small and change sign 
fairly often, the smoothness.of. the graduation is con- 
sidered satisfactory. The sum of the absolute values 
of the third differences over.some specified range of 

. 

a.ges is often taken as a criterion of smoothness. 
not, however, entirely clear why third differences, 
rather than differences of some other 'order, should 
alyays be used for this purpose; and in fact, there are 
strong arguments, at  least from a theoretical stand- 
poin-t, to support,the view that the most appropriate 
order of differences to be so used depends on the . 
characteristics of the particular data, and on the 
graduation formula employed ._ For example, in con- 
nection with the life fables in thisvolumelit can reason- 
ably be argued that fourth differences are more suitable 
a t  ages 32 ttnd above. 

It is ~ 

. 

, 

TABLE EC.-cOMPAHlSON OF ASSUMED A N D  EXGECTED DEATHS 
FOR NEGROES AT AQES 50 TO 74, BARED ON REDIBTRIBUTEU: 
POPULATIONS AND DEATHS: UNITED STATES, 1939-1941 

AGE 

- 

AS- 
sumed I 
denths 

26,041 
23,335 

16, 038 

21,452 
10,764 

230,762 

MALE 
I_ 

EX- 
peeted 
denths 

24.367 
23,352 
21.6G6 
19,970 
16,826 

240.208 

AS- 
sumed 1 
denths 

20.077 
19,162 
17,640 
16,823 
13,288 

212,422 

PEMALE 

3,941 

1 Redistributed by nge as described on p. 111. 
Using the values in this table for agea 60 to 74. 

The argument is based on the fact that the interpola- 
tion formula employed above age 32 (Jenkins' fifth 
difference modified formula) has the property of re-' 
producing a third degree curve. In other words, if it 
should ha.ppen that the guiding values at  quinquennial 
ages were exactly the values of some third degree'. 
polynoniial for the corresponding nges, then all the 
interpolated values would also be the corresponding 
values of the same polynomial. This implies that when 
a third degree curve can be fitted to the guiding values, 
such a-curve constitutes an entirely satisfactory'gradua- 
tion, and does not require adjustment. Now, the third. 
differences of a third degree polynomial are constant; 
therefore, they need not be small, and obviously do not 
change sign. Thus, the conventional test for smooth- 
ness employing third differences- is inconsistent with 
the philosophy underlying the interpolation formula 
used. On the other hnnd, the fourth differences of a. 
third degree polynomial are 0, so that there is no,, 
inconsistency in testing for smoothness by an exnmina.: 
tion of fourth differences. 

The interpolation formulas used at ages under 32 
have the property of reproducing second degree poly- 
nomials only, so that the same line of reasoning would 
justify the application of a third-difference test for 
smoothness. Table BD gives both the third and fourth, 
differences of the rates df mortality for each of the six 
single classes of the population for ages 4 to 87, in- 

. 

. 

- 

- 
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+ *  

c 

. 
I 
2 

6 
2 
4 
5 
3 

3 
3 
4 
1 
4 

2 

1 
1 

3 
6 
3 
5 

-- 

-- 

12 

28 

ch ive .  The rates for ages under 5 were not gradu- 
ated, but age 4 is.included in the tnble because the 
value of q4 was .used t o  secure smooth junction with 
the.rates for subsequent dges. As the method used 
in extrapolating mortality rates at the old 'nges re- 
sulted in employing II single third.degree curve for all 
ages above 87, the mortnhty rntes at  these ages do not 
need to be tested for smoothness. 

The range of ages covered by the table hns been 
divided into thhe  intervals of 28 ages each, for which 
separate totals are-shown in table BD. The first of 
these intervals, including ages 4 to 31, is precisely the 
area in which it was argued on theoretical grounds that 
a criterion of smoothness based on third differences is 
appropriate. In  general, it appears that in the two 

10'Aaqs , 

- 
-- 

2 '  - -  

1 .  

1 

1 
7 
6 
5 
5 

5 
3 

16 

younger age intervals the differences of both orders 
change sign frequently, and the sum of the absolute 
values is satisfactorily small in both cases, being some- 
what smaller for third differences than for fourth 
differences. However, in the oldest age interval, 60 to 
87, the third differences \show a marked tendency to 
form clusters of positive and negative values, and the 
sums of their absolute values' me large, so that the 
graduation would probably be rejected as not suffi- 
ciently smooth if strict reliance mere placed on third 
differences as the criterion of smoothness. -On the 
other hand, the fourth differences. in this interval 
change sign frequently and have small numerical 
values. Hence, on the basis of .fourth differences, the 
smoothness would be judged satisfactory throughout. 
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1 Rates were taken to the nearest flfth decimal place and multiplied by IW. 
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I Rates were taken to the nearest fifth decimal place and multiplied by 101. 
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entire age range shown amounts to 23 percent in the 
case of third differences and 74 percent, in the case of 
fourth difl'erences. Table BE shows that, in each of 
the three age subdivisions, the sum of the absolute 
values is less for fourth than for third differences when 
the effect of .rounding is eliminated. It also shows 
that the third differences are in reality predominantly 
positive and do not change sign at  all frequently above 
age 30. Therefore, the mortality rates would not 
have been considered satisfactory above age 30 if 
third differences had been taken as the criterion. 
This seems to reinforce the suggestion made earlier 
that the order of differences to be employed for this 
purpose should be varied according to the cliaracter- 
istics o$ the basic dat.a and the graduation procedure 
used. 

* 

As regards the relative magnitude of third and fourth 
differences in the two younger age intervals, i t  should 
be pointed out t-hat rounding errors contribute the 
greater part of the numerical values of differences at  
t,hese ages, and their effect becomes more ma-rked as 
tbe order of differences increases. This point is illus- 
trated in ta.ble BE, which shows both the third and 
fourth differences obt.ained from the mortdity rates 
for white males by retaining all the seven decimal 
places to which these rates were originally computed: 
Comparison of table BD a.nd table BE shows that t.he 
absolute values of the differences are greatly reduced 
by using the two additional decimal places. (Note 
t,hat figures in table BD must be multiplied by 100 to 
make them comparable with those of table BE.) The 
reduction in the sum of the absolute values over t.he 

TABLB BE.-THIRD AND FOURTH DIFFEI~ENCES OF GRADUATED RATES OF MOIWALITY FOR WHITE MALES, AGES 4 TO 87: UNITED . 
STATES, 1939-1941 
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1 Ratea were taken to the nearest sereuth decimal place and multiplied by 107. 



CALCULATION OF LIFE TABLE FUNCTIONS 

c. CALCULATION OF OTHER LIFE TABLE 
FUNCTIONS 

Calculation of 1, and d, 
The values of 1, and d, were obtained -by successive 

multiplication and subtraction commencing wit.11 .a 
radix of 100,000 at  birth,. by the usual elementary 
formulas : 

(37) 
dz=1&, 

L+i = 1,- 4 
Values of q, were used to seven decimal places, and 
three d e c h d s  were ret.ained in the I ,  and d, values. 
At the very old ages, t.he number was increa.sed, so as 
to give seven significant figures in every case. Although 
the published tables are terminated, in each case, at  
that age where I , ,  taken to the nearest integer, first 
becomes 0, nevertheless, for reasons which will be 
explained later,'v it. was desired to have 1, values 
computed furt.her for -use in calculating t.be values of 
8,, the average future lifetime. Accordingly, the process 
was continued so long as 1, values in excess of .0025 
were obtained. 

In  th'e life tables for combinations of classes, this 
process could be carried oidy to age 93, as interpolated 
rates'of mortality. were not obtained beyond age 92. 
These tables were completed by a special process 
designed to avoid inconsistencies between the p, values 
for t.he combination and those for the component classes. 
The value of 'ID2 in the combined table was divided 
into as many parts as there were separate classes 
included, the division being made in proportion to the 
denominators used in computing the pivotal. values 
of po2 for the corresponding life tables. En,ch separate 
part of the 1, figures wa.s then carried forward by 
applying the mortality rates for the corresponding 

'sepasate class, the results being summed to obtain t.he 
subsequent 1, values for the combined table. -This is, 
equibalent to expressing the value of I, for the combined 
table as n weighted sum of the 1, values from the 
separate life tables for the component parts. Using 
the latter process shortens the arithmetic. For ex- 
ample, let Z2(2), etc., denote the I, values in the 
sepnmte life ta.bles for the component classes, let 
l a f ,  loa", etc., denote the corresponding parts into 
which lea for the combined t.able is divided, and let 

. w ~ = ~ ~ ~ ( ' ~ / ~ ~ ' ,  w2=lQ2(2)/192", etc. Then, at ages above 
92, 1, for the combined ta.b;le is given b-y 

1 

, 

lr=w11,(~)+w21,(2)+ . . . 
The p, vdues were then obtained by the fonriula: 

1 

' In  the published tables, all the 1, vadues have been 
rounded to the nearest integer, while tbe published d, 
values have been obtained by differencing the published 

See p. 134. 

c 

133 . 

:, column, and, for that reason, differ slightly in some 
m e s  from the figures which would result from rounding 
the d, values RS originally calculated. 

In vie.w of t.hc necessarily rough nat.ure of the adjust- 
n1ent.s made in the data for subdivisions of t.he first year 
of life,m it  w8.s not felt that much refinerncnt was justi- 
fied in ralculating the lifc table functlions for these 
mbdivisions. Accordingly, t,he value of d, obtained for 
Ihe main life table was merely divided among the 
various age periods within the first y e a  in proportion to 
the numbers of deaths in each ageaperiod dming the 
3 yeas  (aftcr adjust.ment for underrcporting, and 
smoothing of the "other races" data). The interme- 
diate 1, values were then obtnined by subtraction, and 
the mortality rates by division. 
Calculation of L, 2 

accurate to assume tshat 

. 

At ages 5 and over, i t  was considered sufficientlg 

At ages 1 to 4, L, was obtained by the formilla: 

Lt=4: (1 -jz)&=lz+.I+j& 

where f, denotes the separation factor previously re- 
ferred to.61 In justification of this formula, it  may bc 
pointed out that, in t.he hypothetical stationary popula- 
t,ion, L, represents the number of persons a t  age z last 
birthday, who would be enumerated by a census taken 
at any time. Naturally this is equal to the number 
who have reached exact age x during t.he preceding year 
less those who have died in the meantime: that is, I ,  less 
a part of&. If the incidence of deaths during a cal- 
endar year is the same in the stationary population as 
in the actual experience, the fraction of d, to be taken 
is aDz/D,= 1 -f,. 

The value of Lo was obtained by making separaty 
calculations for the various subdivisions of the first 
year of life and adding. The process used is most 
readily explained by adopting the point of view which 
considers Lo as the tota.1 number of person-years of life 
lived, between birth and exact a.ge 1, by 1, infants born 
alive. The function I,-T,+, -for a particular age 
interval, z to x + t ,  within the first year of life represents 
the number of person-years lived between these exact 
ages by the survivors of 1, live births. This would be 
given by 

. 

. 

on t#he assumption that those who die between tges z 
and z+t live, on the average, half the period. It was 
nec+sary to express the values of t as fractions of a yenr, 

10 Seep. 108. 
81 See p. 117. 
19 8W P. 116. 
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on the samc assumption previously mndeP3 that thc 
lotal length of the year was 36535 days. The value of Lo 
\vas taken as the sum of the values.of T,-T,+, for all 
subdivisions of the first year of life. 

With the exception of Lo, all the values of L, were 
retained to not less than one place of decimals and to 
not less than six significant figures, for use in subse- 
quent calculations. Values of T,- T,+, for subdivisioiis 
of the first year of life were rounded to the nearest 
integer. before addition. Values of L, were obtained in 
each casc up to, but not including the last age for 
which 1, was computed, but are shown in the published 
tables only when the value is at least 1 to the nearest 
integer. Ths published L, values (except in the first 
year of life) were obtained by differencing the pub- 
lished T, column, and therefore differ slightly in some 
cask from the figures 1vhic.h would result from round- 
ing the originally calculated L, values directly. 
Calculation of T, and 8, 

Values of T, were obtained by accumulating the 
computed values of L, from the oldest a.ge available 
d o h  to age 0. The values of T,- T,+, for subdivisions 
of the first year of life were added one by om,. proceed- 

- 

84 Soe D. 108. 
- 

ing backward from age 1, in order to obtain T, values 
within thc first year. In  the calculation of d, each 
value of T, was used to the smallest number of decimal 
places retained in any of the L, values included in it. . 
However, the published values of T, have all been 

The values of d,, carried out to two decimal places 

T, 
f?,= - 

1, 

rounded to the nearest integer. I 

in all cases, wcre, computcd by the formula: 

' :I the I ,  values being used to the full number of decimal 
places originally retained. In  order to obtak plausible 
values of 8, at the oldest ages shown in the published 
tables, the actual computation of 1, valucs was con- 

In arriving at this limit, it was re-asoncd that the ages 
for which figures appear in the tables are those for 
which I ,  is at.least 1 to the nearest integer: that is, 
the exact value is at least .5. Therefore, accuracy to 
two decimal places will be secured, in most cases,by 
using, in the computation of T,, all values .of I ,  which, 
when divided by .5, give A quotient of at least % of .01, 
or .006: that is, all values of 1, in excess of .0025. . 

. I, 

I 

tinued so long as the values obtained exceeded .0025. ' I  

I 

. 
il 
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APPENDIX I 

A. METHOD USED I N  TESTING THE APPROPRIATENESS OF GLOVER'S SEPARATION FACTORS 

I t  was stated in part V' tha,t in dividing the deaths 
. D, occurring in each calendar ycar at "ges 1 to 4 into 
the t.wo parts ,D, and SD, according t,o the year of birth, 
it WRS necessary to employ the same separation factors 
f, used by Glover in connection with the 1910 life tables, 
as no statistics were available on which a new deter- 
mination could be based. However, the appropriate- 
ness of Glover's factors for use with the 1939-1941 data 
mas first tested in the manner deswibed below. 

Let e,+,dt denote the number of deaths which occur. 
during a specxed period of observation (assumed to be 
an integral number of years) between age x+t (x being 
an integer and t a fraction) and age s+t+dt, let D, 
denote the total deaths during the period a t  age x last 
birthday, and let Kz+.r denote the total deaths at  all ages 
underz+t,so thatK,=zD,.  It followsimmediatelythat 

. -0  

d therefore, %Kz+l = 8, On the assumption that the 
e,+,dt deaths occurring at exact age x+t are uniformly 
distributed over each of the calendar years covered, 
these would include te,,dt deaths where exact age 3: was 
attained in the calendar year preceding the yeor of 
death, and (1-t)8,+,dt deaths where cxact agc x was 
attained in the year of deatah. The total number of 
deaths in the calendar year following the attainment of 
exact age 5, but before attaining age x+ 1, which may be 
denoted by aDlr would therefore be: 

j)%+ I  dt 

Considering this cxpression to be of t.he form SiYdV, 
where C=t and dV=e,,dt, and integrating by parts 
gives : 

L'z=Kz+i- K,+tdt J 
Dividing by D, gives ai1 a.verage separation factor for 
the entire period of observation, which may be rep- 
resented by.f,. Thus, 

' see p. 118. 

(39) 

Values of thc expression (39) were obtained for ages 
1, 2, and 3 by using the deaths of tho 3-year period 
1939-1941 and employing an approximate integration 
formula to evaluate the integral. I n  the case of-ages 
2 and 3, the formula uscd for this purpose was tllc 
symmetrical formula : 

1 l K z +  I  di = 24 (7 Kz-I+ 13Kz-k 13Kz+1- &+z) 

which is obtained by fitting 6 third degrce polynomial 
to four consecutive integral valiies of K,. When this 
expression is substituted in formuln (39) , the latter 
reduces to: 

This formula was not considered suit,ablc for .age 1 
bccause of the very large difference bctween KO and Kl ,  
and ,accordingly the following unsymmetrical formulrt, 
was derived by fitting a third degree polynomial to the 
values of K;, Kl, Ka, and Ka: ' 

1 l K l + ,  dt =m (- 64K,.+ 165K1 + 84K2-5KJ 

'I'he values so obtained are shown in table BF. 
TABLE BF.-ESTIMATED SEPARATION FACTORS FOR AGES 1, 

2, AND 3, OBTAINED BY APPROXIMATE ~NTEQRATION: 
UNITED STATES, 1939-1941 

BEPABATION FACTORS OBTAINED BY APPROXIMATE 
INTEOBATION 

Separation 
factors 

.gp$ 1 White , 1 Neim 1 Othbrr-.c 
- 

Male Female Male Female Male '1 Female 

l... _.________ 0.410 0,399 0.404 0.381 0.392 0.415 0.408 
2 ..._________ 4 .470 1 .450 1 ,446 I .431 I .434 I . 

.4!B I .431 
3 -------_-_-__ .480 ,474 ,474 .464 .470 .448 .450 

In interpreting these results, it  must be remembered 
that the values which are being compared with Glover's 
values have been obtained by a method which is not 
only rough, but is also based on assumptions which are 
likely not to be exactly fulfilled. It may be mentioned 
also tohat a moderate change in the values of the 
separation factors afFccts the value of the mortality 
rate only minutely. Therefore, the results obtained are 
considered satisfactorily close to Glover's values, except 
perhaps in the numerically unimportjant group of 
"other races," where the data are too scanty, in any 
case, to yield reliable results. 
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Upon substituting the expressions in terms of ordinates I 
1 for the differences appearing in this formula, it becomes: . -  . 
I 

1 1 

1 
~=~(2Q2a+4Qw-l5Q3a+ 1OQ87-Q42) 1 

This gives the valnc'of e to be employed in formula (42). 
1 , I  
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B. DERIVATION OF THE SPECIAL EXTENSIONS 

INTERPOLATION OF MORTALITY RATES AT 
AGES 5 TO 11 AND 26 TO 31 

As cxplaincd on pages 125 n.nd 126 of pnrt. V, the rates 
of mortality in the various life tables were interpolatd 
by Jenkins' modified-fifth difference ipterpola.tion formu- 
la at ages 32 and over, and by the Karup-King foi.mula 
n.t ages 12 to 27, while the rates for ages 0 to 4 were 
calculated directly from detailed statistics for the 
individual years of age. The rates for ages 5 to 11 were 
interpolated from a special third degree curve deter- 
mined so as to reproduce the calculated rates of mor- 
tality at ages 4, 7, and 12, and to have the same first 
derivative at age 12 as the Karup-King curve used for 
interpolation in the a.ge interval 12 to 17. Similarly, 
the rates for ages 28 to 31 were interpolated from a 
special third degree c k e  determined so as to have the 
same ordinate and the same first derivative at  age 27 
as the Karup-King curve used for interpolation in the 
age int.erva1 22 to 27, and the same ordinate and first 
derivfitive at age 32 as the Jenkins curve employed in 
tQe interval 32 to 37. By a suitable artificial extension 
of the serics of pivotal rat.es.of mortality, it was possible 
to simplify the numerical work by regarding these two 
special third degree curves as merely continuations of 
the interpolation by the Karup-King formula. It is the 
p'urpose of this.section to explain how these artificial 
extensions were arrived at. 

If the Karup-King formula (formula (35), p. 126) 
were to be used in the regular way in the age interval 
7 to 12, the formula would be:. 

OF THE KARUP-KING FORMULA USED FOR 

where s=5-t,  and the requirements as to reproduction 
of the calculated values of p7 and qI2 and equality of the 
derivrttivcs at agc I2 would bc automtttically satisfied, 
no matter what value of 62q7 is used. Therefore, i t  is 
proposed to use instead of the actual value of 62q7 an 
artifical value E determined so that the formula.wil1 
reproduce thc value of qr. Setting 1=-3 in formula 
(40) then gives : 

. 

.' 

q4= l.6q7+ .768~-  .6q12-.28862~12 

Solving for e and, at  bhc same- time, subst.ituting 
62q6=q17-2qla+q, gives: 

'(41) 
1 

'-96 --(125y4-1 64q7+3q12+36qd 

Formula (40), with a2q7 replaced by a value of e com- 
puted fiom formula (41) was used not only in the 
interval 7 to 12, but for ages 5 and 6 ns well. . 

In  deriving tlic spccial formula used between 'ages 
27 annd 32, the pivotal rates of mortality will bo denoted 
by "Q" and the interpolated rates (including thd . 
pivotal rates at ages 22 and 27 reproduced by the 
Karup-King formula and the adjust'cd rites obtdined . 

at  the pivotal ages 32, 37, 8nd 42 by Jenkins' formula) . 

will bc denoted by "q." The special formula for 
mtcrpolation between 27 and 32 can be written in the 
Karup-Eing form: 

where e dcnotes an artificin.1 value to be used instead 
D f  6'q32. The conditions ns to cquality of ordinates 
and derivnt,ives at age 27 and equality of ordinates a t  
age 32 arc automatically satisfied, regardless of the 
value of E. Thereforc, e will be determined so as to 
secure equality of the derivatives at  age 32. Differen- 
tiating formula (42) with respect to t and setting t=5 
Zives : 

' 

, p32'= -$27-f-$32+10r 1 1 - 1  

Sinc.e q27= Q27 and 

1 
232 = Qarr -%6'Q32 

this may be written: 

(43) 

On the other hand, the Jenkins formula to be used 
for interpolation between 32 annd 37 may be written a8 

%2+1=5(Q3z-&~Q32)+ 750 (6pQ32-$Q39)+ 

1 1 1 1 
q32'= - & ! ~ r + # & 2 2 j - s o ~ 4 & + i #  

S 1 s (8'- 25) 

. i Differentiating with respect to t and setting t = O  gives: 

Equating formulas (43) and (44) and solving for e 
gives: 



i 

! 

i 

i 

I 

1 

I 

1 
i 
I 

I 

I 

i 

i 

. 
) 

. -COA@UTATION OF ACTUARIAL TABLES 

C. METHOD OF COMPUTATION OF THE 
ACTUARIAL TABLES FOR ’WHITE MALES 

Modification of the basic life table values for use in the 
actuarial tables for white males and white females 

In  order to secure a high degree .of consistency 
between the values shown for the various actuarial 
functions tabulated, so that the variocs mathema-tical 
relationships between commutation symbols, annuity 
and assurance premiums, etc., would hold as precisely 
as possible, the basic life tables were slightly modified 
by taking the l,-c,olumn as the basic column and deriv- 
ing all other values iron1 it. The use of I ,  (instead’ 
of qz) as the basic function causes numerous, but slight, 
differences between the-life tables for white males and 

.white females included with the actuarial tables (tables 
14 and 25) and t,hose which appear earlier -in the 
volume (tables 5 and 6). The values of 1, are the same 
to age 93 for white males and to age 95 for white females. 
However, beyond these ages, the 1, values in the 
actuarial tables are shown to enough decimal places 
to have a total of four significant figures,.in order 
not to impair the smoothness of the actuarial func- 
tions by excessive rounding. Nevertheless, the limit- 
ing ages of the original life tables have been retained. 
The d, values were obta.ined by differencing the new 1, 
columns, and t.herefore d8er  at the old ages from the 
ones previously given. The new values of q, were ob- 
tained by dividing d, by 1, in these tables, and- therefore 
differ slightly from the earlier values in most cases. 

, AND WHITE FEMALES 

Calculation of the force of mortality 
Although the force of mortality is not given for the 

general life tables in part I, it has been tabulated, for 
whit,e males and females, for inclusion with the 
actuarinl tables, because of its usefulness in vaxious 
actuarial approxima.tions. From age 3 to the last 
ages shown, pz was obtained by the usual approximate 
formula: 

(45) 

The original, unrounded values of 1, wcre used. 
This formula is not applicable at  ages 0 and 1, and 

was considered unsuitable at age 2, where it would 
involve I,. Therefore p1 and pa were calculated by 
making use of the 1, values at fractional ages under 1, 
in each,case fitting fourth degree curves to five con- 
secutive (but not equally spaced) values by means of 
Waring’s f o r m ~ l a . ~  The resulting equations were: 

1 pl=-(-4.74725IG+ 21.26769Zfi- 16.50000Z1-. 02198&+ 4 12 12 

.00154&) 
* Spurgeon, E. F.. Life Contfngencles. tblrd edition, p. 14. Cambridge C‘niverrsily 

J See footnote on p. 111. 
Res, London. 1938. - 

13 7 
1 p2=-(-3.44881Zfi+4.333331?1- -4230812- .52000&+ 
12 12 

.058561,) 

The estimation of the force of mortality a t  birth 
ppesents peculiar difficulties because of the extremely 
rapid decrease in the death ra.te immediately following 
birth. The value has little, if any, practical utility; 
however, values of po have been included for tihe sake . 
of completeness and because of academic interest in 
the results. I t  is believed that this is the first time a 
serious attempt has been made to obtain a realistic, 
value of the force of mortality at the moment of birth. 
However, the result obtained must be regarded only as 
a general iidication of the magnitude of this quantity, 
and in no sense an accurate computation of its value. 

Previously published ra.lues of po show a wide v a r k  
tion as indicated in table BG. Values of the force of 
mortality have not ,appeared in the official publications 
of any country except Australia and Belgium. How- 
ever, a value caldated from English Life Table No. 8 
has been published in a text book of the Institute of 
Actuaries.‘ King6 obtained a value of po (based on 
data for insured lives) by fitting a Ma.keha.m curvc to 
t.he values of I,, &, and 12. Aside from the curious 
assumptions made by him in deriving his Makeham 
constants, it is ‘clear that the shape of the 1, curve in 
the neighborhood of age 0 cannot be correctly repre- 
sented without. taking into account the incidence of 
mortality within the first year 6f life. King’s value 
(.15920) is, of course, absurdly low. The Belgian 
figures were obtained by merely fitting a fourth degree 
polynomia.1 to the values of 2, a t  the integral ages 0 to 4. 
This method is open to the same objections as King’s. 
Spurgeon’s value for England and Wales was obtained 
by the admittedly rough method of taking 365 times 
t,he ratio of the deaths under 1 day of age in the 3 years 
1910-1912 to the number of births in the same 3 yeard. 
Spurgeon states t.hat this method “clearly underesti- 
mates the true value of the force of mortality at the 
moment of birth.” 
life tables of ‘190€-1910, constructed by Mr. C. H. 
Wickens, it is stated e that these values were obtained 
from tl graduation of the rates of mortality at ages 0 to 4 
by Makeham’s second modsgation of Gompertz’s 
formula. The method appears to have been similar 
to .King’s. -In the report concerning the Australian 
life tables of 1920-1922, it  is stated that “ p ,  for age 0 
f.or each sex was determined from special data available 
for deaths during the first week of life.” The statement 

/ 

In  connection with the .Australian . 

- 

- 
4 Spurgeon. op. ef t . ,  p. 387 and 396. 
6 King, Oeorge, lnafitute of Actwrica’ Tezt Book of the A i n c i p k s  of Intereat, LiJc 

Annuities, and Assrranus ,  and Their Practical dpplirolion, Part II, Life Contia- 
gcnciea, second edition, pp. 103-104, Obarles nnd Edain Layton. London, 1902. 

6 Australla Census Bureau, C c n w  of the Commonwealth of AuslraZia. 3rd Apri l ,  
19ff .vol .  I ,  S!at&ffeians Report, p. 325, McCarron, Bud and Co., Melbourne. 1917. 

7 Australia Comrnonwcalth Bureau of Ccnsus and Statistics, Cesslca of the Com- 
monwealth. of Australia. bfh Apri l ,  18t1, vol. 11, p. 320, Qorernment Printer, 
c el bourne, 1827. 

’ 
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England and Walrs (total populatioii) 1910-1812 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Australia (total population) 1801-19:O ___.____________________ 
Australia (total population) 1820-1622’ _ _ _ - _  ~ ~ ___.____________. 
Australia (total population) 1932-1834 4 .__- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - 
Belgium (total population) 1828-1932 8 ._________..__________ _ _  
United States, whites, 1039-1841, using Spurgeon’s method e--- 
United States, whites, 1839-1941 as shown in tables 14 and 25 7- - 
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4.70944 ______.___ 
.2279 0.1784 

4.83547 3.63820 
4.83’249 3.74807 

.I8654 .14241 
5.51489 4.25239 

10.28167 8.OBQR4 

k -  

\ 

is  not accompaiiied by any such qualification as that 
given by Spurgeori, although the similarity in the results 
suggests that a similar method was used. In  the ac- 
count of methods of construction of tlie most recent 
Australian life tables: the method of computation of 
the force of mortality at  birth is not stated, but it may 
be presumed to be similar to that employed in connec- 
tion with the 1920-1922 tables. 

TABLE BG.-FoRcE OF MORTALITY AT THE MOMENT O F  BIRTri: 
, PUBLISHED VALUES FOR ENGLAND, AUSTRAL~A, AND BELGIUM 

COMPARED WITH RESULTS OBTAINED FOR WHITES IN THE 
UNITED STATES, 1939-1941 

VALUE OF PO ~- COUNTRY. DATE, AND CLASS OF POPULATION 1 Male I Female 

1 Spurgeon op.  cif. p. 398. 
Australia’ Census‘ Bureau, Cenxus OJ the Commmwcaffh oJAlufralia, 3rd April, 

1011, vol. 111, pp. 1215, 1217. McCarron, Bird & Co., Melbourne, 1914. ’ 
9 Australia Commonwealth Bureau of Census and Statistics, Cennu OJ thc Corn- 

monwcoflh o/ Auxholia, 4fh April, 1921, vol. 11, pp. 1838, 1840. Government Printer, 
Mrlbourne 1925. 

6 ~nstralia Commonwealth Dnrean of Censia and Statistics, onws o/ the C O ~ -  
monrcalth of Australia. JOlh June. IBJS, Australian Li/c Toblea, ILW.t-l&?4. pp. 8, 05, 
Government Printer, Canberra, 1937. 

1890. tome VII. Tables de h l o r t a h  de la Pouulation Belac. 1928-109.t. bn. 57. 59. 
8 Oftlee Central de Statistlque Recnucmcnf OEnlral de la Populnlion au31 Ddccmbrc 

_ .  . - -  
8 For method of calculation see text, P. 137. 
7 See pp. 56, 69 of  this volu&e: for method o f  calculation, see p. 138. 

It seems highly probable that mortality is heavier 
in the earlier than in the later paat of the first day of 
life, and tliah Spurgeon’s nictliod considerably under- 
estimates the true value. The values for p, shown in 
tables 14 and 25 were obtained by fitting a Gompertz 
curve to the 1, values at birth and at the ages of 1 day 
nnd 2 days. ‘Taking r=O, and XJ respectively 
(where h=365:$), in the Gompcrtz formula: 

1 2 

l,=kif . 
and equa$ng to the corresponding 1, values gives thee  
equations which can be solved for k, g, and e. Taking 
the logarithm of the expression (46) and differcntiating 
gives :. 

d 
dx /l,= -- (log, I,)  = -cz log, c log, g 

Therefore, 
Po= --loge c loge 9 

Calculation of commutation columns and net premiums 
The commutation functions C, and D, were obtained 

by the usual elbmentary formulas: 

D+=v”~,  
c,= ?I=+%, 

L 

8 Australia Commonwealth Bureeu of Census end Statistics, O ~ c f a f  Year Rook of 
fhc  Commonwealth of Auatrolla. No. 29, pp. 828-842, Government Printer. Canberra, 
1836. 

They were checked by the relation: 
I 

C, = vD,- D,+l 

The’functiom N, and Sz, M, and El, were obtained by 
successive accumulation of the values of D, and C,, 
respectively . These mere checked by the corresponding 
relations: 

M,=VN,--N~+; 

R, = v&- S,+, 

The functions a,, A,, and P, were obtaiiicd directly 
from thc commutat.ion columns, and checked by the 
relations: 

A, = 1 - d (1 +a,) . 

A, 
p z = R ,  

The values of C, and D, were obtained to five signifi- 
cant figures throughout. In  the case of the conmiuta- 
tion values obtaiped by summation, the number of 
decimal places retained in each case was the smallest 
number contained in any one of the figures included in 
the sum. 

D. PROCEDURE USED I N  CARRYING OUT THE 
MAKEHAM GRADUATION OF THE LIFE 
TABLE FOR TOTAL WHITES 

General considerations 
It has already been stated that an important reason 

for preparing a makehamized mortality table for the total 
white population rather than for the separate sexes was 
the fact that certain tecknical difficulties were en- 
countered in attempting to graduate the white male 
and female data separately by Makeham’s law. I t  is 
well known’O that with distinct tables for males and 
females, ,the law of uniform seniority does not hold in 
connection with annuities involving combinations 
of male and female lives unless the Makeham constant 
c has tl!e same value in both thc male,and female tables.. 
Experhnental calculations indicated that this could not 
be done without marked distortion of the rates of 
mortality as previously calculated for the separate sexes. 
Method of graduation employed 

In  the belief that the makehamized tablc would 
find its chief use in the calculation of life annuity 
values, the graduation was performed with the specific 
aim of reproducing as closely as possible the values 
of whole life annuities as calculated from the life table 
already prepared for the total white population. For 
convaiience, the latter table will be referred to in 
the following discussion as the “original” table. A5 it 
was planned to publish life annuity values at rates , 

of interest ranging from 2 to 4percent, the actual fitting . 
* Bee p. n4. 
10 See Transactions of the Faculty of Actuaries (Srotlsnd), vol. 3. p. 298. 

5 I 
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was carried out by the iisc of annuities calculated at, 
the intermediate rate of 3 percent, in order tao secure the 
closest over-aJl agreement for the several interest rates 
tabulated. . 

The method employed in determining the Makeham 
constants is that suggested by I-Iendeison." In  this 
method, a preliminary graduation is first made, using 
approximate values of the Makeham constants, and 
life annuity values are computed on the basis of the 
preliminary graduation. Next, the differential calculus 
is employed to estimate closely the effect on the an- 
nuity values of small changes in the values of the con- 
stants; and finally, the method of least squares is used 
to determine precisely the small adjustments to be 
made in the values of the constants, in order to repro- 
duce most closely the annuity values based on the 
original table. 
Preliminary graduation 

giren by the equation: 
Under Makeham's law, the force of mortality p, is 

pZ=A+ BcO= A+ BeXE (47) 

where A, B, and c are constants to be determined, and 
X=log,c. This leads to the further equation: l2  

I,= ksZgCZ (48) 

where s=e-*, g=e-*'X, and k is a further constant 
depending on the radix of the life table. Therefore, in 
a life table which follows Makeham's law, . . 

k + l O - C ( ~ ' + 5 ~  5 -C 
c(Z4-5- PZ 

In  making the preliminary graduation, c5 was calculated 
by this formula for ~=30,35,40, . . . ,80, ushg values 
of pz calculated from the original table by formula (45) ; 
and the arithmetic average of the 11 values so obtained 
was taken as the preliminary value of c6. The values of 
g and s were then determined by fitting the curveto the 
values of Lo, Zso, and' 180, as given by the original table. 
The values of the constants so obtained were: *' 

X= .OB790888 

log,, g= - .0004974 

logy S= - .0004566 

A= .0010514 

B=.0001007 

Final determination of the Makeham constants 
Using accented symbols to denote values based on the 

preliminary graduation, and unaccented symbols to 
~~~ ~ 

11 Henderson. Robert. Moihcmoiicol Thcorg of Qraduoiion (AdFrial Sledfcr Na. 0, 
m n d  edition, pp. 97-QQ, Actuarial Society of America. New York, 1938. 

12 For the derivation of this formula, see Spurgeon. op. cii., pp. 191-192. 
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denote those based on the final graduation,,and writ& 

Continuous annui$ics have been employed in this 
expression because of the difficulty of obtaining es- 
pressions for the partial derivatives of annual annuities. 

From the relations:13 - 

it  follows that 
--(A+6)'1-BteA('"dr*)& 

whence 

where (I&)= denotes the present value of a continuous 
increasing life annuity in which the payment at exact 
time 1, if the annuitant is then alive, is tdt. An approxi- 
mate formula for (16)* is obta.ined from the approxi- 
mate relation: l4 

1. 1 
2 12 . cz,=a0+---(~,+6) (52) 

upon differentiating with respect to 6. 
be noted that 

First, it may 

Since 
m ba2 m 

u * . = C v i , p 2 ,  it follows that --=-E t ~ ' ~ p ~ = - ( ( l a ) .  
I - I  i = 1  ' 

Therefore. 

approximately. The other partial derivatives are given 
by the  equation^:'^' 

and 

(54) 

(55) 
1 b6, 

A * = ( z - ~ ) ~ +  bX (A+6)(16),-6, 

l a  Spurgeon. op .  e#., pp. 133.16; Rietz. E. L., Crathorne,A. R., and Rietz. J. Chm., 
Mathcmaiics 01 Finance, scmnd edition, p. 31, Henry Holt and CO., New Tork, 1Q39 

14 Spurgeon, op.  cii., p. 133. 
18 Spurgeon. op .  cii., p. 134; Henderson. o p .  cU.. p. 98. 
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Values of p, und 1, (based on am arbitra.ry radix) were 
calculatkd from the constants obtained in the prelim- 
inary graduation, and, from the latter, values of a, 
and ( la) ,  were con~put~ed. T.hese results were used in 
ca.lculating the values of the partial derivatives by 
cquations (51) t,o (5.5); and h, j ,  and 1 were then deter- 
mined by the method of moments (equivalent in t+his 
case to the method of least squares). As the sole 
purpose of the graduation was to reproduce as closely 
BS possible the annuity values based on the original 
table, it  was decided to assign equal weight. to all the 
individual ages. Under these' conditions, the method 
of moments wa.s most easily carried out by means of a 
process of successive accumulation applied to thc terms 
of equation (37), the equa.tions for the deterniiiiation 
of h, j ,  and 1 being: 

where the double accent denotes values based on the 
original table, and where: 

and 
' 

& 3 j ( 4  = z=a 5 i = ~ )  z=a 
I=a 

Some study was given to the question of the exact 
range of ages to be employed.in the determination of 
h., j ,  and 1, the ultimatc dccision being in favor of the 
ages JO to SO, inclusive. Although the Makeham curve 
was not actually used down to age 10, it was found that 
the use of values for this and subsequent ages in the 
fitting facilitated obt.aining a smooth junction with 
the values.from the original table, which were to be 
used for the ages under 10. A close fit at the ages above 
80 was not considered import,ant, and it was found that 
it could be secured only a t  the cost of accepting much 

r less satisfactory agreement at  t.he younger agcs. The 
resulting adjusted. values of the constants, obtained 

~=1.0924931 
X= .Of3846246 

. . by su-bstituting in equations (49) were: 

log,, g= - .000474834 
log,, S= - .000461004 

A= .0010615 
B= .00009672 

Junction with original values at very young ages 
From about age 90 down to about age 17, the final 

Makeham graduation provides a close fit t o  the original 
table, but between'ages 10 and 17 the Makeham c-urve 
produces ratcs of mortality which are much too high. 

Accordingly, it .was decided to use the Makeham for- 
mula only a t  ages 17 and over. It was desired to retain 
the mortality rates from the original table from birth 
to age 10, in order to preserve the minimum in the rate - '  

of mortality which occurs at age 10. I t  mas also desired 
to have the values of whole life annuities under the 
original table exactly reproduced at ages 11 and under. 
This was accomplished by the following process. First, 
blended annuity values were obtained for ages 12 to 
16 by the formula: 

. 

1 
'-6 n --[(2-ll)az~+(27-2)LI.q] 

where a, denotes the blended annuity value; are, tlic 
value according to the original ta.ble; and aZM, the valuc 
according to the Makeham csve.  The blended values ' 

were taken as the final graduated annuity values, and 
rates of mortality at ages 11 to 16 were obtained by 
the formula: 

Completion of the mortality table 
In  order to secure the consistency among the various 

actuarial functions which results from regarding I ,  as 
the basic function of the mortality table, and yet retain 
the full smoothness of the Makeham graduation, the 
radix of the table was taken as 1,000,000 rather than 
100,000. The values of I, up to and including age 11 
were those calculated for the original table, but retain- . 

ing one significant figure in additim to those shown in 
table 4. From age 11 to age 17, inclusive, the values 
of 1, were computed by the-formulas (37), employing 
the vahes of g, obtained from the blended annuity 
values, as described above. The value of In determined 
in this manner was then equated to the Makeham 
formula (48) in order to determine the constant k. 
The values of I, at all the remaining ages were then 
calculated from this formula. All values were rounded . 
to 'the nearest integer, except that at the older ages, 
sufficignt decimal places were retained, for the sake of 
smoothness, to have six significant figures ill all cases. 
The table was terminated at the point where I ,  first 
became 0 to the nearest integer on the conventional 
100,000 radix: that is, when it became less than 5, on 
the basis of the radix of 1,000,000 hctually used. 

The values of d,, p,, and p, were obtained from the 
1, column in the conventional manner. From birth to 
age 16, p, was calculated by thc same formulas'" 
which were used in the case of white males and white 
females. At ages 17 and ovcr, it was calcqlatcd in 
accordancc with Makeham's law by formula (47). 

Tests of the graduation 
A graduation by means of a mathematical formula 

such as wakeham's law, of course, does not n'eed to be 
tested for smoothness. As the graduation was specif- 

. '  

' 

. 

- . 
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ically- designed to reproduce life annuity values as 
closely as possible, the most obvious test of the “fit” 
of the graduation is a comparison of annuity values 
based on the original - and makehamized tablw. This 
comparison is made in tables BH and B J  for both whole 
life and temporary life annuities at selected ages, with 
interest a t  2, 3, and 4 percent. Up to age 80, the 
agreement is seen to be extremely close. Table BH also 
compa.res the rates of mortality under the two tables. 
A further comparjson showing joint life annuity values 
on both tables for selected combinations ‘of agcs at  3 
percent interest is given in table BK. 
In table BL, the expected deaths accordiiig to the 

makehamized table are compared with the reported 
deaths. As the fit is much less close than ‘in the case 
of the life tables graduated by osculatory interpolation, 
the precisc method to be used in calculating the ex- 
pected deaths was not a matter of great moment. 
Accordingly, the simplest method was chosen : that of 
computing an average va.lue of m, for each 5-year age 
group, by forniula (36),17 and applying it to three times 
the estimated July 1, 1940, population in the age group. 

17. SPP D. 127. 

Original 
table 
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34.2881 
34.7444 
33.3438 
31.7710 
30.1115 

I n  view of the rigid character of the Makeham curve, 
.it is to be cxpectcd that the differences would bc much 
greater than in the other cases where the more flexible 
osculatory method was used, and table‘BL shows this 
to be thc case. However, between ages 25 and 90, the 
difference never exceeds 3 percent of the reported deaths 
except by a very small margin in the age group 35 to 39- 
The expected deaths are deficient by more than 9 
percent a t  ages 20 to 24, and are in excess by more than 
11 percent a t  ages 10 to 14. At ages 11 to 14, in par1,icu- 
lar, the rates of iiiortality in the makehamized table arc 
much too high. However, these discrcpa.ncies would 
shave little effect 011 the values of life nnnuitirs, eveu 
temporary annuities a t  young ages, because the nctual 
level of mortality at the ages concerned is vcry low. 
The only common financial functions which would bc 
seriously affected are premiums and values €or short 
term assurances at  young ages, and there would be little 
occasion to use this table .for such calculations. All 
things considered;it is believed to be a highly satisfac- 
tory table for the purpose it was mainly intended to 
serve: that of approximating the values of single and 
joint life annuities by the original table. 

1 34.2889 
34.7452 
33.3451 
31.7888 
30.1372 

TABLE BH.-COMPARISON OF RATES OF MORTALITY AND VALUES OF IMMEDIATE WHOLE L I F E  ANNUITIES RY ORIGlAAL AND MAKE- 
HAMIZED MORTALITY TABLES: TOTAL WHITES IN THE UNITED STATES, 1939-1941 

28.3457 
26.4200 
24.3388 
22.1207 
19.7977 

17.410 
15.0288 
12.6741 
10.3861 
8.2190 

fi. 2870 
4.6845 
3.4257 
2. soog 
1.8461 

RATE OF MORTALITY I (1,ooo 9.) 

28.3470 
26.4109 
24.3340 
22.1288 
19.8174 

17.4333 
15.0219 
12.6398 
10.3516 
8.2234 

6.3151 
4.6713 
3.3147 
2.2431 
1.4355 

Makehamizec 
tablc 

__- 
43.15 

1.24 
?85 

1.30 
1.65 

1.98 
2.49 
3.29 
4.53 
6.46 

’ 9.45 
14.08 
21.25 
32.30 
49.?6 

i5.06 
113.82 
170.94 
252.61 
363.99 

505.25 

PRESENT VALUE OF IMMEDIATE WXOLE LIFE ANNUITY (01) 

Interest at 2 percent ~ 

Makehamizec “%p’ I table 

1.3824 I .E488 

~~~ ~ 

Interest at 3 percent 

Original 
table 

- 26.7047 
27.3545 
28.5553 
25.6078 
24.5754 

23.4380 
22.1427 

19.0674 
17.3112 

15.4517 
13.5226 
11. €548 
9.6057 
7.69&3 

5.9560 
4.4817 
3.3039 
2.4273 
1.8003 

1.3532 

20. 6834 

Iakehamlzed 
table 

26.7047 
27.3545 
26.5553 
25.6216 
24.5966 

23.4392 
22.1352 
20.6798 
19.0744 
17.3295 

15.4660 
13.5186 
11.5350 
9.5745 
7.7029 

5.8845 
4.4730 

2.1840 
1.4057 

.8349 

3.2026 

___----- 
Interest at 4 percent 

Original 
table 

21.5132 
22.2342 
21.7037 
21.1747 
20.5151 

IO. 7658 
18.8759 
li. 8345 
16.6363 
15.2805 

13.8102 
12.2476 
10.6060 
8.9182 
7.2311 

5. 6542 
4.2941 
3.1899 
2: 3575 
1.7566, 

1.3252 

____- 
Makehamlzed 

table 

21.5428 
22.2336 
21.7630 
21.1R52 
20.5323 

16.7604 
18.8695 
17.83Mi 
16.642t) 
15.3070 

13.8333 
12.2451 
1 o . m  
8.8897 
7.2357 

5.6827 

3.0871 
?, 1273 
1.37iO 

.821(i 

4. 2891 

c 

146605 0 - 47 - 10 



INTEREST AT 2 PERCENT TNTEREST AT 3 PERCENT INTEREBT AT 4 PERCENT 

ACE OF OLDER 
LIFE . 

AGE OF YOUNGER LIFE 
--- 

0 10 20 30 40 
___ ______ _______- -__ ------ ___ - ~ _ _  

Original Makehamized Original Makehamized Original Makehamized Originnl h,Iakeharnized Original Mnkehamized 
table table table table table t,nble table table table table 

o......-.-....-. 
10 ......-.....-. 
20 _ _ _ _ _ _ _ _ _  _ _ _ _  
30 _ _ _ _  ~ ______._. 
40 .-.........-.. 
50 ......-.-..... 
Bo-..... ----.--. 
70 ...-......-... 
80. 
90 .............. 

- - - -. - -. - - 

23.9240 -23,9239 ________._._ _ _  _________..___. ._______...-._. ..._.___-.-._.. ____________... _.----:-------- __..______..___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
, 24.1577 24.1290 24.6108 24.8107 _______.._.____ .._____....__._ ________.__..__ ___._.________. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

22.2944 __________._.__ _.______.__--._ _.________.____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  23.2590 23.2789 22.2554 
21.2977 21.2896 XI. 6410 20.6526 19.4834 19.4714 .__ _ _  __. . -. ..-. . . . _ _  ___. ___. -. 

18. 5609 18.1711 18.1939 17.4670 17.4692 16.0.579 . 16.0714 

'22.6244 
20.5645 

' 17.8244 17.8300 . 18.5555 

14.5186, 14.5309 15.1644 15.1764 14.9581 14.9846 14.5935 14.6030 13.7701 13.7906 

2 3; 
10.9107 10.8820 11.4205 11.3895 11.3169 11 2979 11.1567 11.1247 in. 7547 1;. 7322 
7.1874 7.2915 7.6381 7.6409 7.5905 7.6020 7.6318 7.53.54 7.3716 I .  3773 
4.2545 4.2466 4.4609 ' 4.4516 4.4417 4.4377 4.4232 . 4.4161 4.3fi94 4.3644 
2.3098 2.0792 p 4203 2.1784 2.4130 2.1745 2.4071 2.1687 2.3898 2.1549 

. 
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TABLE BJ.--CO?dPARISON OF VALUES OF TEMPORARY IMMEDIAT? LIFE ANNUITIES BY O$IClINAL AND MAKEHAMIZED MORTALITY 
TABLES: TOTAL WHITES IN THE U N I T E D  STATES, 1939-1941 

I I I 
' %  / 

AQE (Z) Makeeiizedl Orignal I Makehamized/ Original Makehamized 
ta le table table I table 

I I I , I 

VALUE OF TEMPORARY IMMEDIATE LIFE ANNUITY FOR io  YEARS (ax: i3I) 

8.0856 
8.4806 
8.4479 
8.3987 
8.2811 

8.0059 
7.3917 
6.1632 
4.2180 
2.1769 

7.6891 
8. 0848 
8.0339 
7.9878 
7.8781 

8.5134 8.0850 
8.9295 8.4843 
8.8945 8.4412 
8.8417 8.4010 
8.-7157 8.2837 

8.4208 7.8844 
7.7033 7.4021 

. 8.4508 6.1655 
4.3825 1 4.1840 
2.2368 2; 4016 

7.6200 
7.0466 
5.8953 
4.0636 
2.1209 

13.9562 12.76i5 
11.6888 10.7360 
8.1139 7.5998 
4.6703 I 4.4787 

12.7884 
10:7069 
7.6151 
4.4721 

11.7410 11.7585 
9.9514 9. 9w 
7.1524 7.1652 
4.2917 

T A B L E  BI<.--COMPARISON OF VALUES OF IMMEDIATE WHOLE LIFE ANNUITIES ON TWO J O I N T  LIVES, BY ORIGINAL AND ~ ~ A K ' E H A M I Z E D  
MORTALITY TABLES: TOTAL WHITES IN THE UNITED STATES, 1939-1941, INTEREST AT 3 PERCENT 

AGE OF YOUNGER LIFE I 

__-___ ____ 

A G E O F O L D E R  50 70 I SO I 90 
LIFE ______I-- I Original I Makehamized/ Original 

table table table table table table table table, table 

w _________: _ _ _ _  12.2387 , 12.2674 _______._..___ 
Bo.... _________. 9.9212 9.9124 8.4701 
70 .... _ _ _ _ _ _ _ _ _ _  7.0082 7.0248 6.3114 
80. - - - - - - - - - - - -. 4.2426 3.9739 
90 -....-....-.-. 2.34M 2.1218 2.2518 

4.2391 
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TABLE BL.--COMPARIBON OF REPORTED DEATHS AND EXPECTED 
DEATHS ON TEE BASIS OF THE MAKEHAMIZED MORTALITY 
TABLE: TOTAL -WHITES IN THE UNITED STATES, 1939-1941 

‘ExcEsv or EXPECTED 
OVER REPORTED 

Reported Expected DEATIIS 
deaths deaths __ 

/ + I -  
AOE 

Calculation of other tables derived from the make- 

The valucs of the Makeham constants and their 
logarithms (given in table 36) were either obtained in 
the process of graduation- or followed readily from values 
so obtained. Values in the table of uniform seniority 
(table 37.) were calculated by the formula:I8 

hamized mortality table 

’ 

log (1 +cy-,) -log 2 
log c . w-x=. 

wherc y--z denotes the differeice betwccn the ages of 
the two lives nnd w--a denotes the addition to tlic 
younger age. 

The annuity values shown in tables 39 to 42 were 
obtained by division from values of D, and N,, D,, and 
N,,, etc., calculated for that purpose. The “D’s” werc 
obtained by successive multiplication by 1,: thus 
Dz=v21,, .D,,=D&,, D,22=D2,Z,J and so on., The 
“Ws” were obtained by summing the “D’s.” Enougli 
significant figures were retained in both “D’s’’ and 

N’s” to obtain annuity values correct to four decimal. 
places. 

( I  

18 Spurgeon, op. cit., p. 258. 

I 
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resultillg from ineompletenw of reporting--. ______. - _ _ _  _ _ _  . -. _ _ _ _ _ _ _ _ _ _  1,101-109 
resulting from incorrect statements of age _____.__.__________ 1,101,1lO, 111.120,121 
samdine _ _ _ _ _  _.. . .:. . _ _ _  - - - _ _  _._ _ _  _ _ _  - -. . ..-. . -. . -. _ _ _  . -. . . . ..__ _ _ _  2 101.109 

Errors: 

Estlmatlon: . of age distributlon of future population-. __..._.._.._._.___._--.--.----.-... 22.23 
of figures not available from tahulations -. --. .____.__ ____. . -. . . _ _  _____. -. -. 101 
of forelcn-born population under age 5 by single years _..___. . . . ._________. -. 112 
of July 1 .  1940, populations ______.._____ _ _  _________._______.._.-. ~ 109,110,112-114 

European actuaries. symbols used by .-.-. . - - .-- _ _ _ _  ~ _ _  -1 ___._ __. _ _ _ _ _ _ _ _ _ _ _ _ _  25,67 
European countries, life table values for.. __. _ _ _ _  _ _ _ _ _  _ _ _  _ _  ___.._.___________ 15-17 
Everett. I. D ..__.___.__.._______--.-..-.--. . _ _ _  __.____________.._____________ 1%- 
Everett’s interpolation formula __._. _._._ __. . ._._ .._._____ ___. -. ._._ ___. _ _ _ _ _ _  1% 
Examples of actuarial calmlatlons __._. ~ - .  . _ _  _ _ _  __.._________. -. . ____.___ ____. 93-98 
Expectation of life. See Average future lifetime. 
Expected deaths: , 

compared with reported deaths _..____ -.. _ _  .___.___________ ~. . . .______ 126128.141 
Expenses, allowanm? for, In l i b  insurance. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _..__ _ _ _ _  Se, 67,88,97 
Experience table, 1930-1940: 

hasis of _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  65 
commutation columns supplied hy Amerlcan Life Convention __.___________ 11 
values compared with those based on other mortality tables. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  55.66 

Exposed to risk of death .________________ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  116-117,119,123 
Exposure underlying life tables __________. . . . . . . . . . . . . . . . . . . . . . .  ~ _ _ - _ _ _ _ _ _ _ _ _ _  2 
Extension of Karup-King formula __.______ ~ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  136 
Extrapolation of mortality rates nt old ages. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  25,124-12fi 

ca1CUlatlon Of-----. -. _ _ _ _ _  ~ - - _...___ _ _  ___. _______.._______. . . . _ _ _ _ _ _ _  128-128,141 

Females: 
and males. joint life computations for, hued on separate life tahlm .......... 97-W 
eomparlson of different quinquennial ago grouplngs for, in 1935 deaths and 

1940 census. - - _ _  _ _  ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  - - _ _ _  _ _  _ _ _ _  - _______. -. _ _ _ _ _  _ _ _ _ _  --: 122 
comparison of reported and expected deaths for _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ .___________ 127,128 
data used In computing mortality rates for _.____._______________ ~ _ _ _ _ _ _ _ _  113.114 
deaths of, in United States. 1939-1941--. ____________________--.------------. 2 
enumerated populations of. 1940 _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
force of mortality a t  birth for. in certain countries- _ _ _ _ _ _ _ _  ___. _ _ _ _ _ _ _ _ _ _ _ _ _  138 
graphs of life table values for ___..___ -. -. _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  - _ _ _  _ _ _ _ _ _ _ _  ~ 4-9,13,19 
least squares adjustment of deaths of “other ram”- _ _ _ _ _ _ _  _ _  _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  109 
less numerous In life insurance mortality experience ._______ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  56 
life tahlo values compared with males _..__ _ _ _ _ _ _ _ _ _ _  ~ _________._____________ 2-10 
life tables for ____. __________._____ .______ ~ _ _  _ _ _ _ _ _  11.1617,.30,31,86,37,42,43.48-53 
-live. on average, longer than males _ _ _ _ _  _ _  _ _  _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  __. _ _  _ _ _ _  _ _ _ _ _ _ _ _  2-3 
Ne-: - . -~.  .. 

mmparison of assumed and expected deaths at ages 60 to 71 ... _. _ _ _  - - __. - - 
mm arison of populatlons In certain age groups, 1930 and 1940 _ _ _ _ _  _ _  _ _  _ _ _  
deatls in selected we groups as ratio tn numher at age9 60 in 64 (graph) ... 
original and redistributcd opulations and deathsat ages 55 to69 ..-...... 

Kemo and other races. have Righer mortality than males at certain ages. --. 

128 
I 10 
1 I I 
112 

l o  
sep-mtlon factors obtained by approximate Integratlon _ _ _ _  _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  136 
show higher mortality than mal& at certaln ages in depressed countrl es...-- . IO 
third and fourth differences of graduated rates of mortality. _ _ _  _ _ _ _ _ _ _ _ _ _  - 129-131 
whiter 

Figures, list of _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ________.__________________________ IV 
Filiplnos In United States. 1940 _____.___ ~ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 
First day of llf0, mortality in ________..___ _ _  ______..__ _ _ _  _______._______ 104,137,138 
First week of life: 

data used In computing force of mortality at birth in Australia ___________._ 137 
little life Insumnce experience for. .____. _ _  _____.__.__________. _ _ _ _ _ _ _ _ _ _ _ _ _ _  55 

Flrst year of life (see ako Infants. Infant deaths, de.) 
deaths tabulated by month of age in-.. - - ~ - ~ - - - - - - - - - - ~ _ _  - - - - - - _ _  - _ _  - - - - - - - - 11 7 
large number of deaths In _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _______.____ ~ ___._________________ 2 
mlgratiou mncentrated in latter part of ._______..... ~ _____.._.______________ ’ 120 
redistributlon of “other rnces’’ deaths in-. - _____: _.._ _ _ _ _  -.....-- _ _ _  _____. 101.109 
subdivisions OT: 

adjustment for Incomplete r e p o r t i  of deaths by --..... . __. -.. _ _ _  _ _  101.108 109 
calmlatlon of life table values for--. _ _ _ _  _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _  -. .______ _ _ _ _  133: 134 
data used in computing life tables for _________________-__. ..._- ~ ._________ 114 
rxplanation of columns of life tables for ___.______________. . - _..___________ ZL 
llfe table functions for ___________.____- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _  .-________.__ 50-53 
life table values for, regarded as reasonable approximations only-------.-. 2,108 
used in compting force 01 mortallty at ages 0.1. and 2 _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _  137.138 
used in studying completehem of rcportlng of Infant deaths _ _ _ _ _ _ _ _  ~ _ _ _ _  105-106 

102 
104 
102 

Forborne annuity- _________________. -. _ _ _ _  ______.__ ~ _ _ _  . -. . - _ _  _______.__ 85,87 
Force of interest (6) .___. _ _  - _ _ _ _ _ _ _  ______. __. _ _ _  _ _ _ _ _ _ _  _ _  ~ ._._ -. - 139 - Force of mortality: 

a t  birth .------_ __. . - -.- .-. -_. - __._ -. .. . . . . _ _  ___.._____ ~ .___. _ _  _ _ _ _  _ _ _ _ _ _  _ _  137,138 
calmlatlon of ----. . -. ..----_---.-.._._. . .. __-___._-____. _ _  -__. . _ _  _ _ _ _ _  137,138,140 
defined-- - _ _ _ _  _ _ _  -. .. . -. - - _ _ _ _  _ _ _ _  _ _  _ _  -. -. - - - - _.__ ~ - _ _  ~ - - - -. . . . - -. - ~ _ _ _ _ _ _  ~h? 
Included in actuarial tables _____._________ __._ _ _ _ _ _  ~ __________.____________ 55, 93 
use in joint life mmputatlons _ _ _ _ _ _  __._. . . ____._____ ______. ~. -. _.___. _ _ _ _  ffl, W, 98 
VdUW Of ----- - - - -. . . . - .- - _ _  - __._ - - _ _  - -. . _ _ _ _ _ _ _ _ _ _  _ _ _  . ~ - _ _  _ _ _  _ _  58,69.80 

estimated populations under aKe 5, by single years.-. - _. __. --. . _ _ _  _ _ _ _ _ _  _ _  101,112 
nonwhites under age 1, estimate of ---_ -. - --------. I. _ _ _ -  ~. ~. -. - - - _ _ _  _ _  _ _ _  _ _ _  102 

Force of mortality in--- - -- - - - ._._ ._.. . . . - .~ - - - ._ - _ _ _  _ _  _ _  - - -. - - - - ._ - - _ _  - - _ _  138 
of number of survivors in --._ - - - . . . _ _  _ _  - ._ _-_ _ _ _  _ _  -. - -. -. _.__ _ _  - - - - - 18, 19 

pemliarftles of mortality rates In _______. . . _ _ _ _ _ _ _ _ _ _  _____. _ _  -. - .-. _________. 10 
mrm of life tables for- - - - _ _  - _ _  - .- --..:--I. - _ _  _ _  ._ - - _ _  - - -. - - - -. . - _ _  - - _ _ _  - _ _  14,m 

. 

Five-year age groups. Scc Quinquennial ago grouping. 
Florida: 

ram letenem of birth registration, 1940 ____________________.... ..__________._ 
dea8_ra& under 1 year, by age, 1939-18.11- _ _ _ _ _ _ _ _ _  _ _ _ _  _ _  .. . . . ..___ ~ _ _ _ _ _ _ _  
registered and adjusted births, 1939-1941 _________._. _ _ _ _ _ _  -_.. .__.__________ 

_ _ _ _ _ _ _  

Foreign-born: 

Foreign countries: 

a””” Ife table values for. -_ - - -_  __--.____ .- .. . _____-_._ ________. . - _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  16-17 

Calvani. 1.lllgi ....__________-- ~ _.__.. . .___ ______.______._ ...... 20 
Oeneral mathematical theory of life continRencies ..._._.. .. . __._. _ _  .___ _ _  .. . . . 86-92 
Ocneral population and IlfrJnsuranre experlcnce conipared . . . . - __. . ___. __. . . 5.5-57 

.. _._____._.._ 

C)snerntinn. SPP Cnhnrt 

Calvani. 1.lllgi ....__________-- ~ _.__.. .___ ______.______._ ...... .. _._____._.._ 20 
Oeneral mathematical theory of life continRencies ..._._.. .. . __._. _ _  .___ _ _  .. . . . 86-92 
Ocneral population and Ilfr-insuranre experlcnce coniparrd . . . . - __. . ___. __. . 5.5-57 
(t&+n@rntinn. SPP Cnhnrt - -.. _ 1  
Ocographie incidence of incomplete reporting of Infant deat,hs ...--.. .-..I-. 103,104 
fleographlc variation: 

in completcness of registration ... __. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _.______ _ _  _ _ _ _  10. 102-IMi 
in llfe table values _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  __..______________ IO. 14-19 

Oeoreia: 
completeness of birth registration. IMO.. __. .. . __. . ._. __. _ _ _ _  _ _ _ _ _  _ _ _ _ _  __. . . 
death rates under I yenr. hy age. 103u-1941 ... . .____._ ._ _ _  --. . . . . . . . . _ _ _ _ _ _ .  . 
reglsterod and arljustcrl hkths. 193!~)-8141____.----. ~ .. ... . . . . _ _ _ _ _ _ _ _ _ _ _ _ _ .  . . 

in2 
IN 
102 

Ocrmmy: 
data used hy Glover In mmputing separation factors ...___________________ 118.11~ 
government puhlieatlon of. source of life table values for Austria and Czecho- 

slavakia. _ _  .__ .__.____.__________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _________________._ _ _ _  14 
life table values for _._-. ~ ~ _-__.__ - - _ _  - - _ _  _ _ _ _  ~ _ _ _ _ _ _ _ _  ~. - - _ _ _ _  _ _ _ _ _  _ _  ~ _ _  - - - 1.517 
made dcath tabulations from which separation factors can be obtaixicd di- 

rectly _ _ _ _  _ _ _  _ _  __.-______________ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _  _________________. - 117 
wurce of life tables for. _ _ _ _ _  _ _ _ _ _  ___. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___. _ _ _ _ _ _ _ _ _ _ _ _ _  ____. - m 

O1ass.D.V ___.__ ~ __..__.______.__._______________________--- ~ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  24 
Olover. James W _.____-------____ __. . ~ _ _ _ _ _ _ _  ~ ___________. _ _ _ _ _ _ _  25.93.118.120.122 
Oompertz. Benlamin .--------_____ _ _ _  _ _ _ _ -  ~ _ _ _ _  .______ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  94,137.138 
Oraduntion: 

Makeham.. . _ _  _._._____- ________. _ _ _  ________________. _ _  _ _ _ _ _ _  _ _ _  55 94.97 138-143 
of 1939-1941 life tables..-. ____..._. __. ________________. 101.109-112 l io-13i  138-140 
of enumerated populations not considcrod neeBssBTy-. -. _ _ _ _ _ _ _ _ _ _ _ _  ______. I lo  
of mortality table for total whites.. . - - _ _  _ _ _ _ _ _ _  _ _ _ _  - _ _  ~. _ _  - _ _ _ _ _  _ _ _  _ _ _  138-141 
prelimlnary, hy Makeham’s law ____. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _  139.140 
tends to mrrect sampling errors ... . _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _________________._ 2 
tends to correct systematic error.--- ~ _ _ _ _ _ _  _. . . . . . . . . . . . . . . . . . . . . .  I 
tests Of _ _ _ _ _ _ _  _ _  ____ - -  ~ -__-_: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  128-132,140-343 

Orant Mllton D.-. _---------______. _ _  _ _ _ - _ _ _  ~ _ _ _ _ _  _ _ _  __. . _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  .. ~ 20 
Graph’s: - w 

Negro deaths in selected age groups as ratio to number at ages 50 to 54..-... 111 
of 1939-1941 United States life table values by race and sex _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _  4-9 
of average future lifetime _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
of number of survlvors: 

6 7  In United States. 1939-1941 _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __.____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
In United States and selected foreign countries_- - _ _  . . . . . . . . . . . . . . . . . . . .  18,19 

of rates of mortality _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _  _ _ _ _ _ _ _  f _ _ _ _ _ _ _  4.6 , lq  13 
Oreville. T. N. E ____---------_________________________I_-------- - - - - - - - -  IT, 111.128 
Qross premiums charged by life insurance companies _ _ _ _  ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _  56,57,8S, 97 
Oronp insurance excluded from 1930-1940 Experience table . . . . . . . . . . . . . . . . . . . .  58 
Orouping of ages in computing mortality rates _ _ _ _ _ _ _ - _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  112, 120-124 
Grove, Robert D. ___- - -_ -  .---____ _ _  -. _ _ _  _ - _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 102,106 
Ouertin. Alfred N _ _ _ _ _ _ _ _ _ _ _  ~ _____. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  - I1 

- 

list of _____-.-.-.__-- --- - - - - -  -------. ~ ------_-- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a. 9 

Btlon. See Populatlon, stationary. 

Idaho: 
corn letmesa of birth replstmtion, 1940-.. _ _  _ -___ _ _  ~ - -. - -. - _ _ _ _ _ _ _ _ _  - _ _ _ _ _  _ _  102 
deatg rates under 1 year. by age, 1939-1941 _ _ _ _ _ _ _ _ _ _  _ _ _ _  .______________ _ _ _  _ _  104 
omitted from infant death rate computatlons lor nonwhites-------.:-. 102,104-1013 
regist8rcd and adjusted births. 1939-1941____________________________________ 102 

com leteness of birtb replstratloh, 1940- .io2 . _ -  
denti rates under 1 yesr. by age, 1939-1941_______________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ - ~ 104 
enacts Etandard Non-Forfeiture and Valuation Laws. . . . . . . . . . . . . . . . . . . . . .  ~ 55 law reeomlzes new mortality table _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

~ 156 
registered and adjusted births. 1939-1941 ____________. - ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  102 

niinoi~: 

I 

Immediate antiui tv. See Annuitv. immediate. 



INDEX 149 
Yng1 

offset by any incompleteness in reporting deaths _.________________ -. _ _ _  ..- 101,10: 
preliminary calculations indicated inereasc with advancing age in -.....--.-- io( 
substantial in ease of children under age 5 .____ _ _ _  - __._____________ ~ _ _ _ _  _ _ _  102, la 
affects death statistics for early Infancy ._____.____________.-.-----.--. ~ .____ 104 
correction for _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .__________.._______. _ _  IOl-lOe, 11( 
in data underlying life tables _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -. . - - _ _  __.___ ~ _____. _ _  _ _ _ _ _ _  1 
of births. See Births. completeness of reporting of. 
of deaths ______-__  _ _ _ _ _ _ _ _  :-_ ~ ___.______ _ _ _  __.. .- ~ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 1,10,101-10i 
of infant deaths. See Infant deaths, eompleteness of reporting of. 

Incorrect reporting. See under Errors. 
Increasing life annuity- _ _ _ _  - ~ ~ ~ - ___._ - _ _  - - - - - - _ _  -. - - - _. _-- _____. _ _  - - ~. ~ -. - - .__ 13t 
Index of preference for digits of age- - __.__________. - _____-_._________ _ _  _ _ _ _ _ _ _  121 
India See British India. 
Indiana: 

com leteness of birth registration. 1940 _ _ _ _  ________________._______. -. _ _  ._.__ 10: 
de& rates under 1 year, by age, 1939-1941 __._.. . --. ______________. _ _  ___._._ 1M 
enacts Standard Non-Forfeiturn and Valuation Laws _____________. _ _ _ _ _ _ _ _ _  5! 
law recognizes new mortality table _ _ _ _ _ _ _  ____________-_-_.___-----..-.---- 5! 
registered and adjusted births, 1939-1941 _ _ _ _ _ _  _ _ _  _: _______________. __. ___._. 10: 

Indians: 
death rates In United States, 1939-1941 ____.___. ._.______.________ ___. -. ___. ~ I 

- deflnition of, in census .___________________----.----.---------------.----.-.- : 
difficulty of differentiating ... - ______________.___. ~ _________________. _ _  _ _ _ _ _ _  : 
cffect of tuberculosis and maternal deaths among .___.___________.__________ 
in United States. 1940 ____. -. ..... ._..__-___ .______________ _ _ _ _ _ _ _  ~. ___.__ 
on reservations difficult to enumerate ..._’ __._._ .________.___.______--..----- I 
show higher mortality among females than males at certain ages _____. ~ .__.. I( 

Industrial insuranu? excluded from 1930-1940 Experience table _________._ _ _ _ _ _  5f 
Infant cards, used in 1940 census to study completeness of blrth registration..- lo? 
Infant death statistics: 

errorsin ..__________________--..-..... __________.______......______ 1 101 103-101 
not adjusted for underreporting in Unlted Stotes life tables prior to lSiO--:- 103 
of “other rams’’ adjusted for roughness due to small volume of data .....-- 101,108 
preliminary adjustment of _.___. ____________.___ ~ ._______________ 101,103-109,114 
used in estimating survivors to age 1 _ _ _ _  ~ ._._...____________________. _ _  _ _ _ _ _  101 

Incumpleteness of enumeration-Continued 

- lncomplcteness of reporting: 

‘I 

Infant dnnths: 
com Irteness oireporting of: 

a&cts ~eeiiracy of life tables -..... _._.___ ___. .. . - _ _  __._ ..__.____ _ _  _ _  1,101,103 
assumed equal to completeness of birth rrgistration __--.____________ IWIoS, 118 
by subdivisions of flrst year of life- - _ _ _  _ _ _  - - - - - - _ _ _ _  - _ _  _ -_  .___ - - -. -. - _ _  108,108 
deflcient by a substantial amount- - .____ ___._ __. .___-_.________. - __. _ _ _  103.105 
liaq similar geographical lncidencc to that of births. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1w 
in flrst day of llfe may br lower than for births- . ___. - la5 
lower in first w e k  of life .... ........__________ ________.___.._.____________ 105 
lower in States with’less com lete birth reporting _______.___._ _ _ _  _ _  . -.- 105,106 
probably higher than for b d s  in urban mas .  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _  _ _ _ _ _ _  106 
studied through alalysis of infant death ratcs.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _.__ 103-107 

of males by age and month of death, 1935- _ _ _ _ _  _ _ _  _ _ _ _  ~ _-.__________ _ _  ._____ 118 
some. may be reported as stillbirths. _ _ _ _ _ _ _ _ _  _ _ _ _ _  ______._._ ._____ . . . __.__ 105 
substantial number of, where nelther birth nor death is registered. - __....._ 105 

high among Mexlean agricultural workers ___._ _ _ _  ____________________.-.... 104 
improvement in has affected neonatal deaths less than others _.______ 104 
level of closel? Alated to com leteness of birth registration ._________. _... 103-105 
rntes adjusted for Ineompletc feath reporting. .___. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __. __._.. 106 
rates for groups of States _.___.________ .__ ..... ...- ._____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  105 
rates for subdivisions of first vear of life, by States _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  ~ -.- 10.1 
rates high in smallest urban places __.___________. _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  :- -. -. .. - 106,107 
rates used in studying completeness of reporting of infant deaths--. -. . - _. . 103-107 
spectacular improvement in.. - _______________. _____________________. -. _.___ 10 

adjustment of data for .____ _______._._._______ _ _ _ _ _  _________.___ ___. _ _  _ _ _ _  107-109 
adjustment of mortalityrates for effect of migration.. _____.____.__________ 119,120 
appreciable error in data for.. - - _.________: _ _ _ _ _  _____________________. _ _ _ _ _ _  1 
calculation of separation factors for .__.______________________________ _ _ _ _ _  117,118 
incompleteness in enumeration of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  ________._______ _ _  _ _  _ _ _  102,103 
life table values for-. ________________._________. _ _ _  _______..._.____ __. -. .___ m-53 
relatively large numb& of deaths among ______. - ____________________-----.-- 2 

Influenza epidemtc of 1918.. . . . . . . . . . . . . . . . . . . . . . . .  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  __.. 10 
Instantaneous rate of mortality _______._______________________________ _._...__ 83 
Institute of Actuaries (of Great Britain and Ireland) .______._________. __. ...__ 137 
Instrumental deliveries--- _ _  . - _ _  _ _  _._ .___________ - - - ________.___ _ _  - _ _  . - -. -. .__ 104 
Insurance. See Assurauces, life and Life insurance companies. 
Insured lives, mortality of __.__ ~ __._._._____ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  _ _  _ _  ____. 55-57 
Intensity of mortality. - - ____. -. ___._________... -. _ _ _  __________._____ .- .-. _ _ _ _  93 
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death rates under 1 year, by age, 1939-1941 ________________________: _ _ _ _ _ _  _ _ _  1M 
enacts Standard Non-Forfeiture and Valuation Laws. - _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  - 6.5 
law recognizes new mortalit table ._______________________________________-- M 
registeed and adjusted birds, 1939-1841- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  102 

vlexico: 

dichigan: 

UiPmtinn: 

immigration-indicated by census returns of foreign-born. --I _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
none assumed in stationaryaopulatlon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  119 

21 
UinnPwta: .- __ ..-- .. 
completeness of birth registration. 1940 ...______ ~ _ _ _ _ _ _ _ _  ~ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  ~ ~ 

death rates under 1 year, by age. 1939-1941 .___________ ~ _ _  _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _  -. . 
registered and adjusted births, 1939-1941 _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~. _ _ _ _ _ _ _ _ _ _ _ _ _  ____. . - 

102 
104 
lo2 

reeistered and adiusted bid1 

102 
104 

com leteness of birth registratton, 1940 .-_______________ ~ . . . . . . . . . . . . . . . . . . . .  102 
dent\ rates under 1 year. by ago 1939-1941 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  104 
enacts Standard Non-Forfeituro’and Valuation Laws. . . . . . . . . . . . . . . . . . . . . . .  66 
law recognizes new mortalit table ________________________________________-- 66 
registered and adjusted birtg. 1939-1841 _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . .  102 

Mixed blood. reporting of race In cases of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  2 
Modes in frequency distribution .-___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  . . . . . . . . . . . . . . . . . . . .  - 23 
Modiflcation of elementary life table values for inclusion in actuarial tables. 9 2  137 
Modifled osculatory interpolation ... . . . . . . . . . . . . . . . . . . . .  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  lW,1%3 
Moments method of---.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  140 
Monetary’bcneflts eontingent on death or survival (ace also Annuity and As- 

surances. life) _______________________________________  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  I 
Monetary values. See under Actuarial tables. 
Montana: 

completaness of birth registratlon, 1840 -__________________________I _ _ _ _ _ _ _ _ _ _  102 
death rates under 1 year, by age, 1939-1941 -_________________________________ 104 
enacts Standard Non-Forfeiture and Valuation Laws. . . . . . . . . . . . . . . . . . . . . . .  6.5 
law rem izes new mortality table _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _  55 - 
regiJtcre?and adjusted births, 1939-1941 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  102 

Month length of .------------------------------~----------~-~~~~------~~- _ _ _ _  108. 
Monthhof age under 1 year. Sce First year oflife and Infant deaths, alro  Infant 

Mortality :ace also Deaths): 

MkiOuri: 

mortality. 
Moriyama Iwao M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _ _  I1 . - .  

comparlsons _______________--_______________________- ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3-5 10-16 
experience of life insurance companies. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  ~ ____________________’ 66, MI 
force of. See Forco of mortality. 
in forbign countries __________________________________  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 10,1420 
infant----.-. .------------------~-~---------------------------------- 2,10,103-l07 

1930-1940 Experience table _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  55, MI 
Commlssloners Standard Ordinary table __.__________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  65,613 
Makehamized. See Makehamlzed mortality table. 
name customarily applied by actuaries _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  65 

Mortara Oiorgio ________________________________________--------------------- 14 - . 
Mutual beneflt Life Insurance Co ... ________________________________________- I1 
Myers. Robert J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ________________________________________- 11,121 

National Association of Insurance Commissioners (lormoly National Conven- 
tion of Insurance Commissioners) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _  55 

National Resources Planning Board __________._____________________________-- 22 
Native population: 

in 1940 estimated by single years under age 5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~  _ _ _ _ _ _ _ _ _ _ _ _ _  112.113 
ratio td total population used in adjusting mortality rates .________________ 119,120 
under age 1 in 1940, estimate of- ________________________________________---- 102 

, 

Mortality rates. Sce Rntes of mortality. 
Mortality table (see a h  Life tables): 

Nebraska: 
mm leteness of birth registratlon, 1940 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 102 
deatg rates under 1 year, by ago, 1839-1941 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  104 
enacts Standard Non-Forfeiture and Valuation Laws . . . . . . . . . . . . . . . . . . . . . . .  65 
law recognizes new mortal1 table ________________________________________-- 65 
registered and adjusted blrzs, 1839-1941 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  102 

adjustment for incomplete reporting of infant deatbs of. - -: _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  108 
age heaping tends to producecyclical fluctuations in mortality rates for---- 123 
age tabulations of. available in 1940 census __________________________________  110 
average duration of life of, increases. ________________________________________  10 
comparison of 1930 and 1840 populations of. at certain ages _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  110 
comparison of assumed and expected deaths of. a t  ages 50 to 74 ._____________ 128 
comparison of reported and expected deaths of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  127,128 
comparison of survlvors to age 1 cstimated by two methods _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  107 
comparisons of life table values for different periods _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10,11,16-17 
completeness of birth registration of. 1940 _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . .  103 
completeness ofdcath registration of _____________________________________  _ _ _  1.10 , 
compntatlon of pivotal rates of mortality for _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  124 
data used in computing mortality rates for _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  113,114 
death rates of in United States, 1939-1941 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  3 
deaths in selekted age groups as ratio to number at ages W to 54 (chart)- _ _ _ _  111 
deaths of, in Unlted States, 1939-1841 _______________________________________  2 
effect of tuberculosis deaths among, ________________________________________  10 
enumerated populations of, 1940. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _  2 
estimation of age distributions of. not available in census ____: _ _ _ _ _ _ _ _ _ _ _ _ _ _  110 
female, show higher mortality than whlte males _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10 
graphs of life table values for _ _ _ _  - _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - 4-9 
p t e r  proportion of, die before reaching old age---:-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _  22 

alf of total Negro population found in rural South. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 
irregularities in age dlstribution of deaths of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  111 
life tables for . . . . . . . . . . . . . . . . . . . . . .  ~ ______________________________________  38-43.52 
life tables for given separate1 by sex, and for both sexes . . . . . . . . . . . . . . . . . . . .  21 
life tables for: show considera&e geographic varlatlon-.- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _  10 
live on average. not so long as whites and other races.-. . . . . . . . . . . . . . . . . . . . .  2.3 
lon&wity of, compared with whites and other races _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $ 3  

~ 

Negroes (aee also Nonwhites): 

. 

t.. 
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22 
110 
25 
112 

Neproes-Continued 
Lower expeetation of life does not indicate smeller range of longevity 
migration estimates not furnished separately for. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _  
minor irregularities in earlier life tables for _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  
original and redistributed statisties for apes 55 to 69 .....- ~ ~ ~ ~ ~ ~.. . . . . ~ ~~ ~ ~ ~ ~ 

nivotal value formulas em 

meration- - _ _ _ _ _ _ _ _ _ _  - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - ___________.__ _ _  _ _ _  _ _  
sampling error of minor importance in life tables for. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
separate life tables prepared for ________________________________________----- 
separation factors for ________________________________________------ _ _ _ _ _ _ _ _ _ _  
separation factors for, obtained by approximate integration. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
show female mortality higher than male a t  certain ages . . . . . . . . . . . . . . . . . . . . .  
tabulation of nativity of in 1940 census ._____ ~ _ _ _ _ _ _ _ _ _ _ _ _ _  c _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
third and fourth differedces of graduated rates of mortality for _ _ _ _ _  ~ _ _ _ _ _ _ _ _  

Neonatal deaths less affected than others by improvement in infant mortality- 
Net premiums. &e Premiums. net. 
Nevada: 

completeness of birth registration, 1940 ._____________________________ _ _ _ _ _ _ _ _  
death rates nnder 1 year by age 1939-1941 ._________________________________ . 
omitted from infant deaih rate ebmputationa for nonwhites-. _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  
registered and adjusted births 1939-1941 _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _  c _ _ _ _ _  :- _ _ _ _  102,104 
completeness of birth registration, 1940 _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
death rates under 1 year, by age. 1939-1941 _.___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _  
enacts Standard Non-Forfeiture and Valuation Laws _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  ---:-- 
law recognizes new mortality table _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
omitted from infant death ratecomputations for nonwhit es-------.... 102,104 
registered and adjusted births, 1939-1941 .___________________________________ 

New Hampshire: 

Ncw . T ~ ~ c = v -  

1 
2 
1 

118 
135 
10 
112 
130 
104 

102 
104 
102 
-106 

102 
104 
55 
55 

-106 
102 

- ____~. 
w m  leteness of birth registration, 1940 _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -. _ _ _ _ _ _  102 _ _ _  _ _ _  104 
Department of Banking and Insurance _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _  _ _ _ _ _ _ _ _  I1 
enacts Standard Non-Forfeiture and Valuation Laws ...... ~ ~ ~ ~ . .  ~ . ~ . ~ ~ ~ ~ ~ ~  ~ 55 

- deat! rates under 1 year, by age, 1939-1941--- _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ~ - 
~~~~..~..~~........... 

law recognizes new mortalit table .____._..__ . . . . . . . . . . . . . . . . . . . .  ~ _ _ _  _ _ _ _ _ _ _  
registered and adjusted b i d s ,  1839-1941 ._____ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _____.__ 

55 
102 

New Meximr .~ ~~ 

wm letrness of hlrth registration, 1940.. _._____.. __________________. _ _ _ _  _ _ _ _  
deatf: r a k  nuder 1 year by agc 1939-1941.. - _ _  -. . . _ _ _ _ _  ~ _ _ _ _ _ _  ~ __. . _ _  _ _ _  __. 
enacts Standard Non-Fdrioiture(and Valuation Laws. _ _ _  _ _ _ _ _  _ _ _ _ _  .______. . 

102 
104 
55 

high infant mortality in.. - ____--__________________________________--------- 104 
law recognizes new mortality table - -_________  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  55 
omitted from computations of infant mortality rates for whit e..--......--- 161-106 
registered and adjusted births, 1939-1941 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  102 

New Yorki . ~ 

ampleteness of birth registration, 1940 _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____.__ 102 
death rates under 1 year, by age, 19394941 ._______________________ _ _ _ _  _ _ _ _ _ _  104 
registered and adjusted births, 1939-1941---: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  102 

Government Statistician assisted in preparation of thfs volume. _ _ _ _ _  _ _ _ _ _ _ _  I1 
graphs of number of survivors in --______________________________________---: 18,19 
life.table values for _ _ _ _ _ _  .____________________ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _  1517 
low mortallty in _______._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ~ - _ _ _  ____.: _ _ _ _ _ _  _ _ _  - 14 
mortality compared with other countries. _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14 
source of life tables for.. _____._______________ _ _ _ _ _  ____________.____ _ _  ___.___ 20 

Non-Forfeiture and Vrrluation Laws, Standard. ~ ______________.______________ 55 
Nonwhites: 

comparison of different quinqucnnial age groupings in 1935 deaths and 1940 

wmpleteness of birth registration by States 1940 ________________.__________ 
death rates for subdivisions of fir& year of llie by States, 1939-1941 .....----_ 
death rates under 1 year, by groups of States,’1939-1941: 

adlusted for underreporting of deaths .____________________________ _______. 
unadjusted ___.._______________----------.. _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  

estimate of foreign-born. under age 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
preferenw for digits of age in 1935 deaths and 1940 census __________. _ _  ~ _ _ _ _ _ _  
registered and adjusted births of, hy States. 1939-1941 _________._____ _ _  _ _ _ _ _ _  

New Zealand: 

census . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ __ - -_ -_-_______- -___ ~ _ _ _ _ _  121, I22 
102 
104 

106 
105 
102 
121 
102 

North Carolina: ~ ~ ~~ 

w m  leteness of birth registration, 1940 .________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  102 
dent! rates under 1 year. by age, 1939-1941 _ _ _ _  - - - --i- _ _ _ _ _ _ _ _  - :-- - ~ -----A- I04 
enacts Standard Non-Forfeiture and Valuation Laws _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  55 
law recognizes new mortalit table _.__.________ _ _  _______________.___________ 55 
registered and adjusted bir,t8s. 1939-1941 .________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _. _ _ _ _ _ _  _. 102 

.* 

North Dakota: 
completeness of birth registration, 1940 _..______ _ _  ____________._______ ~ _ _ _ _ _ _  102 
death rates under 1 p a r ,  by age, 1939-1941_____________ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  104 
registered and adjusted births, 1939-1941 _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  102 

Notation Internationale (pamphlet) ---______._____ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  W,57 
Notation, mathematical (see a180 Symbols): 

differs from standard actuarial notation _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  24,25,57 
for joint life benefits _ _ _ _ _ _  ~ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  SO, 92 
in actuarial tables--. _....___________________________________------- _ _  _ _ _ _ _ _  57 
in life tables __________..._ _ _ _  ___________.____________________________------- 24,% 

dmla t ion  of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___._______...__ _ _  _ _ _  92,133,140 
defined. ~ _______.-________. - _  -i _---._.______.. _ _  _____________._.___ _ _ _ _ _ _ _ _ _  21 

calculation of _____..________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _______.___________ _ _ _ _  92, i33.140 
defined. __________.______ _ _ _ _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  ______.. 21 

Numerator and denominator. - --I____________________________________ ~ _ _ _ _  86.95.96 
Numerical examples: 

of calculation of rates of mortality nnder age 5.-. ._________________ 116,117.120 
of joint life annuities ___.________-________________ ~ _______.__._______ ~ _ _ _ _  9446.98 
of last survivor assurance. ________________________________________- ~ _ _  _ _ _ _ _ _  97 
of reversionary annuity--- - - - _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  - - - ~ ~ _ _  _____.__ _____. ~ - - - - _ _ _ _ _  97 
of single life annuities _ _ _ _ _ _  _ _  ________________________________________------- 93 
of single life assurances _.____ _______________.__ ____________..______-.- 1 _ _ _ _ _ _  93 

Occupation may affect mortality.-. _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . .  _ _ _  _ _ _ _ _ _ _  57 
Official life tables: 

for races other than whites and Negroes prepared for the flrst time---------. 1 
used when possible for foreign life table values _______._________.__ _ _ _ _ _ _ _ _ _ _  14 

Ohio: 
completeness of birth registration, 1940 .__________ __._._______...._. . _____.__ 102 
death rates under 1 year. by age, 1939-1941 _________: _______.____ _ _ _ _ _ _ _  _ _ _ _ _  104 
registered and adjusted births, 1839-1941 .__________________.________ ~ _ _ _ _ _ _ _  102 

wmpletenw of birth registration, 1940 _ _ _ _ _ _ _ _ _ _ _  __________....___ - _ _ _  _.____ 102 
death rates under 1 year, by age, 19394941 ____________________---.-- _____.__ 104 
registered and adjusted births, 1939-1941 _______________.____-.-.------------ 102 

Number dying (&): 

Number living (L): 

Oklahoma: 

Page 
Old-age pensions ______________._________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . .  57,125 
Old ages, treatment of, in computing mortality rates ..._____ ~ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  124,125 
Open-face commutation symbols ._______ ~ . . . . . . . . . . . . . . . . . . . .  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  57 
Order of differences to be used in testing smoothness .._______ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  128-132 
Ordinates of interpolation curve. ._____ 1- . . . . . . . . . . . . . . . . . . . . .  - _ _ _ _ _ _ _ _ _ _ _ _ _  1%. 136 
Orrgon: 

conipletcncss of birth registration, 1940 ..._. ~ _______________._._ _ _ _ _  _.__.____ 
death rates under 1 ycar, by agc, 1939-3941 _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  
cnacts Standard Non-Forfeiture and Valuation Laws _ _ _ _ _ _ _  ~ ____.__________ 
law recognizes new mortality table _____. . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  ~ __. _ _ _ _ _ _ _ _ _  
registered and adjusted births. 19S194l. _ _  . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _  
applied to mortality rates directly. _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  115 122 
formulas: 

advantages of mndifled formulas.. -. . . . . . _ _ _ _ _ _ _  ______. . -. . -. _ _ _ _ _ _ _  .. _ _ _ _  125 
Jenkins’ modifled Afth diflerenee formula. _ _ _ _ _ _ _ _ _ _  ______. _ _ _ _ _ _ _ _ _ _  _ _ _  125,128 
l<a~])-King formula ._._______________. . . ._ _ _ _ _  _ _ _ _  ~ _ _ _ _ _ _  _ _  ___.___ _ _ _ _  128,127 
special extensions of KarupKing formula to effect smooth transition..-- 126,136 

frequently used with data grouped by ages _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  _ _  I22 
produced smooth values ______________.____________________.____---------. _ _  , 129 
two possible methods of applying _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  122 

age tabulations of. available In 1940 census .___ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  110 
comparison of reported and expected deaths of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  128 
comparison of survivors to  ago 1 estimated by two methods ..... _ _ _ _ _ _ _ _ _ _ _ _  107 
completeness of hirt h reRistration of. 1940. _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 103 
computation of pivotal rates of mortality for _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  _ _  124 
data used in computing niortality rates for _________. ~ _ _ _ _ _ _  __.__ _ _ _ _ _ _ _ _ _ _  113,114 
death rates of b specificd race and sex. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 
draths in Un&?8States, 1939-1941 ________________________________________-- 2 
enumerated opulations of. 1940.- _ _ _  -. . .___________________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
estimation ofage distributions of. not avnilable in census-- ..____ ~ _ _ _ _ _ _ _ _ _ _  110 
raphs of life table rahies for _ _ _ _ _ _ _  ~ -. -. . - _ _  _ _ _  _ _ _  _ _ _ _ _ _ _ _  ~ - - - - - _ _ _  _ _ _  - _ _ _  - 4-9 F nfant death statisties adlusted for samnline error--- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  101.109 

102 
104 
65 
55 
102 

Original registration States. &e Death-registration States of 1900. 
Osculatory intorpolation: 

“Other races’;: ‘ 

. -  ~~ ~ ~~~ 

life tables for ____________: __.________________________________.____--------  44-4Q. h3 
life tables for. included here for the flrst time _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 
live, on average, longer than Negroes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2.3 
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“Peak” in distribution of aeesat death ___.__ ~ ____________.___.___.___ _ _ _  _ _ _ _ _ _  23 
Peculiarities of mortality rates _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _  - 10,14.103,104.110.111.123,124 
Pennrvlvnnin: ... 

com’lcteness of birth rcgistration, 1940 _.__ _ _ _ _  _.____________ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
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enncts Standard Non-Forfeiture and Valuation Laws ... ___. _.___.__________ 

102 
104 
55 

law recognizes new mortality table ________________________________________-- 55 
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actual, related to ideal life table populatlon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  119 
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estimation of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  :-- _ _ _ _  ________________. __. _ _ _ _ _ _ _ _ _ _ _ _  22, I 
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needed on Jul 1, 1940, for life table construction _ _ _ _  _ _  ______. _ _  - _ _ _ _ _ _ _ _ _ _ _ _  101 
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defined _ _ _ _ _ _ _ _ _ _ _  ____. _ _ _ _ _  ~ ______.____. -. _ _ _  _ _  ____.______. __. - _ _ _ _ _  _ _ _ _ _ _ _  85 
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in ob tg ing  pivotal values of pylatlon-mdndedIs _______. -. _ _  ~ _ _ _ _ _  11% 122-124 in tabulations of populations an deaths 23,109-112,114,120.127,12R. 143 
selection of a particular method of-. ___. _ _ _  _ _ _ _ _  -1 ______.__ ____. _ _ _ _ _ _  112,120-122 
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at 0 d ages, computation of ________________________________________------- 124. 125 

- 

de ed I_ _ _ _ _ - _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  90 

Caidation Of _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ioi, ii2-135135-137,140 
Rate of mortslity ( q d :  

Rate of survival: 

. Rates of mortality: 

Page 

comparison of [;race and sex-.-. . -. . _ _ _  __...__..___. . . _ _  _ _ _  ...__ _ _ _ _ _ _ _ _  -. 2-10 
data employed in computation of.. _______._._..___ ~ ________._..______ 101,113,114 
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