
Lawrence Berkeley National Laboratory
Recent Work

Title
MEASUREMENTS OP COSMIC RADIATION DOSE IN SUBSONIC COMMERCIAL AIRCRAFT 
COMPARED TO THE CITY-PAIR DOSE CALCULATION

Permalink
https://escholarship.org/uc/item/2wx0p3pw

Author
Wallace, Roger.

Publication Date
1973-07-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2wx0p3pw
https://escholarship.org
http://www.cdlib.org/


I . .; 
' .. j ,I i v j 

LBL-1505 
UC -41 Health and Safety 

TID-4500-R61 

MEASUREMENTS OF COSMIC RADIATIOl\T DOSE IN 
SUBSONIC COMMERCIAL AIRCRAFT COMPARED 

TO THE CITY -PAIR DOSE CALCULATION 

Roger Wallace 

July 16, 1973 

Prepared for the U. S. Atomic Energy Commission 
under Contract W-7405-ENG-48 

For Reference 

Not to be taken trom this room 

RECEI v ~­
LAWRENCE 

RAOIA TION lABORATORY 

MAl) 'J ?. 'q 74 
\ I..J ~ I_.; 

LIBRARY ANO 
DOCUMENTS SECTION 

e.; 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
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MEASUREMENTS OF COSMIC RADIATION DOSE IN SUBSONIC 
COMMERCIAL AIRCRAFT COMPARED TO THE CITY -PAIR 

DOSE CALCULATION 

Roger Wallace 

Lawr.ence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

July 16, 1973 

INTRODUCTION 

The work for this project was carried out in three phases, 

as MS projects by two students, and as a postdoctoral project by a 

visiting scientist. The first phase was completed by Michael F. Boyer 1 

in 1969-70, and consisted entirely of measurements between San .Francisco 

and London over the great circle route. The second phase was carried 

out in 1971-72 by Jon A. Kirby, over routes from San Francisco to 

Washington, D. C., Tokyo, Buenos Aires, and Rio de janeiro. The 

City-Pair code, which originated at Boeing Aircraft Co., was reprogram­

med to run on the computers at the Lawrence Berkeley Laboratory by 

Douglas C. Wallace, and the code was revised further by Kalina Mamont­

Ciesla, guest physicist, who is visiting the Lawrence Berkeley Laboratory 

from the Central Laboratory of Radiological Protection, Warsaw, Poland. 

In the first ph_ase, photographic emulsions and thermoluminescent 

dosimeters were mailed by conventional registered air mail from Berkeley 

via San Francisco to Professor Jack Fowler at Hammersmith Hospital 

near London, who returned them to us. ·These detectors accumulated 

approximately 2100 hours of flight time at altitudes above 30,000 feet. 

In the second experimental phase, similar detectors were mailed round 

trip through diplomatic channels to Washington, D. C., and thence to 

Tokyo, Buenos Aires, and Rio de .Janeiro for a total flight time 

above 30, 000 feet in excess of 2900 hours. The date:S of the flights are 

listed in Tables Ia and II, and of solar proton events in Table lb. The 



-2- LBL-1505 

measured results were then compared to the results o£ the 11 Boeing Code 11 

which was originally programmed by Stanley Curtis and was originally 

described in the Boeing report. 2 This program, called the Galactic 

Radiation Exposure Program (GREP), calculates the dose in tissue in 

millirads for the great circle flight path between two cities. The agree­

ment is seen to be reasonably good. 

It is concluded that both experiments and theory show that the total 
\ 

doses received at present day conventional jet aircraft altitudes are con­

siderably higher than those encountered in supersonic flights at much higher 

altitudes, even though the dose rate is lower at these lower altitudes, 

when the longer time of exposure at the lower altitudes is taken into 

consideration. 

The Experiments 

The dosimetric measurements were made with thermoluminescent 

dosimeters (TLD1 s) and with emulsions of three types sealed in plastic 

packets. These packets were sent by air mail back and forth from 

Berkeley, California to the five cities on the dates shown in Tables Ia and II. 

A dose sufficiently above background for a satisfactory measurement 

was accumulated by the TLD1 s on one round trip and by the emulsions on 

three round trips. Although there were some small variations in the 

contents .of certain packets, all were basically the same. Pieces of 

polyvinyl-chloride {0. 6 mm thick) were cut to the size of a regular 

business envelope (10 em X 23 em). The packet was compartmentized 

and sealed with a radio-frequency plastic welder. Packets sent to 

London contained ~- '{ films, NTA films, 600f-l emulsion, and CaF 
2 

thermoluminescent detectors {TLD). Packets sent to Washington, 

Tokyo, Rio de Janeiro, and Buenos Aires .contained only~- '{ emulsions 

and TLD 1 s. Before sealing, each packet was flushed with dry nitrogen 

gas to reduce photographic fading of the latent image by decreasing the 

relative humidity and decreasing the atmospheric oxygen in contact with 

the emulsion. 

Each packet contained four~-'{ films. Two of these films were 

. ~-
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unexposed; the third film was pre-exposed to 20 mr and thefourth film 

was pre-exposed to 100 mr of radium '(-rays. In those packets that 

contained nuclear track emulsions (NTA}, one NTA film was pre-exposed 

to 20 mrem and the other to 100 mrem of PuBe neutrons. 

In evaluating the flight paths for the first part of this experiment 

from San Francisco to London, an air mail flight schedule was obtained 

from the Berkeley post office. When the total number of available 

flights is considered, it is reasonable to assume that at least 80% of the 

packets sent to London made the trip by the polar route, rather than 

landing in New York. Polar flights from San Francisco to London 

always go via Los Angeles. On the Los Angeles to London leg they 

have a flight profile approximately like that seen in Fig. 1. These flights 

usually go over the southern part of Hudson Bay, Baffin Island, and the 

southern third of Greenland. Each flight is flown over the predicted 

"least time 11 route based on the latest weather predictions. Some flights 

may go considerably sout!J. of Greenland, occasionally as far sou i:h as 
.. 

Atlanta, although this is· rare. These variations pro'bably don't have a large· 

effect on the galactic cosmic ray dose since they take longer at a lower dose 

,rate, which has a compensating effect on the integrated dose. The solar 

flare dose, if any, would be reduced by a larger factor at the lower magnetic 

latitudes. Since few solar Hares occurred during this experiment, these 

relatively rare and self-compensating route variations have. little effect on 

our results. 

Calculations made with the GREP code 2 indicate th"at for the San 

Francisco to London route one should expect a total dose of about 5 mr /round 

trip. Since the lower limit of sensitivity for the film is approximately 

10 mr, each packet to London was sent on about five round trips. Unfor­

tunately, during this time there were no large flares and only one small flare. 

Three groups of packets completed five round trips to London. Six 

groups of packets completed round trips to Washington, Tokyo, and Buenos 

Aires. Five groups of packets completed found trips to Rio de Janeiro. 



. 33,000 ft. 
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Actually at 

22,000£t for 22.5 minutes 

i.e. 2/3. altitude in 

1/2 of climb time 

Speed 0.7-0.8 mach. 

~300 knots indicated 

315 mi. out 

120 240 360 

LBL-1505 

10 hrs 

480 600 

XBL713-3097 

Fig. 1. Flight profile of a typical flight between Los Angeles 
and London from TWA. 



.. 

.. . 

i\ 
~.) U

" 
' 

I 

v 

-5-

One packet was lost on this route. 
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The packets sent to Washington, Tokyo, Rio de Janeiro, and Buenos 

Aires actually followed the following routes, according to the U. S. 

Postal Service and the U. S. Department of State. The return route was the 

reverse of the outbound route in each case. In the calculations, each leg of 

these routes was assumed to be a great circle path between the two points at 

its end. The Washington route was direct from San Francisco to 

Washington. The Tokyo route was also direct from San Francisco to 

Tokyo non stop. The Rio de Janeiro route was from San Francisco to 

New York; to Charleston, South Carolina; to Caracus, Venezuela; to 

Rio de Janeiro, Brazil. The Buenos Aires route on the other hand,was 

from San Francisco to Washington, D. C.; to New York; to Buenos 

Aires, Argentina. The dates of the flights are shown in Table Ia and 

the dates of solar proton events are shown in Table I b. 

Background Radiation 

Realizing that from the time the film is sealed until it is developed, 

it spends more time at sea level than at altitude, it is necessary to 

attempt to estimate the dose of ionizing radiation which is accumulated 

during the time not spent in the aircraft. 

Duplicate dosimeters were stored in a low background cave at the 

Lawrence Berkeley Laboratory and in an unshielded area (Oakland) 

during the flight times. These dosimeters were processed with the 

dos,imeters that had been mailed, and the background readings were 

subtracted appropriately. 

Analysis off3- y Film Data 

In interpreting the data there were two experimental factors which 

need special mention. First;" these films, all from the same emulsion 

number,were packaged, exposed, and developed in different groups; and 

secondly, the time which elapsed from loading to development in the 

different groups was different, even though the time which each group 

spent in the air was essentially the same. The total dose gathered on 



Table Ia. The TLD's each flew on one trip between the following dates 

#1 
Washington 7/28-8/8 

Tokyo 7/28-8/6 

Buenos Aires 7/28-8/18 

Rio de Janeiro 7/28-8/30 

TLD Dates Between 
Start and Reading 

#2 
8/28-9/2 

8/27-9/9 

8/27-9/16 

8/27-9/23 

The films each flew three trips as follows: 

. Set of Films Trips 

Washington #A 1, 2, 3 
#B 4, 5, 6 . 

Tokyo #A 1, 2, 3 
#B 4,5, 6 

Buenos Aires #A 1' 2, 3 
# B 4, 5, 6 

· Rio de Janeiro #A, 1, 3, 4 
# B 2, 3,4 
#C 4, 5, 6 

1971 

#3 
9/28-10/12 

9/28-10/6 

9/28-10/19 

9/28-10/28 

~:c There was solar activity during these flights, See Table lb. 

( ,... tt 

#4 
11/17-l2/3 

11/17-12/9 

11/17-12/6 

11/17-12/13 

1972 

#5 #6 
1/13-1/20 * 4/6-4/14 

1/13 -1/24::c 4/6-4/17 

1/13-2/1* 4/6-4/26 

1/13-2/8 ~( 4/6-5/1 

1/13-2/16* 4/5-5/5 

... 

I 
0' 
I 

~ 
tJj 

~ 
,_. 
\.TI 
0 
\]1 
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Table lb. Dates of Solar Proton Events 

Date 

September 1, 1971 

October 3, 1971 

December 2, 1971 

December 14-21, 1971 
peak December 17 

January 11, 1972 

Januar'y 15-16, 1972 

January 19-25, 1972 
peak Jariuary 20-21 

April 17-18, 1972 

Strength 
(all events low energy) 

small 

medium 

small 

medium to large 

small 

small 

medium 

small 

LBL-1505 

Duration 

short 

day 

short 

7 days 

day 

2 days 

6 days 

6 hours 
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the London trips made by these films represents about 2052 hours o£ 

exposure at altitudes above 30, 000 £eet,as calculated from the flight 

profile in Fig. 1. The total time spent above 30, OOOfeet on the Washington, 

Tokyo,- Rio de Janeiro, and Buenos Aires flights was 2897 hours. 

Fading 

The question of the diange of fhe tatent image during the 8 to 16 -weeks 

between loading and development is poorly understood. The controls 

which were kept in the shielded cave showed an apparent fading in the 

last two groups and an increase of background in the first group.· Many 

possible explanations for this were examined and discarded. We are 

forced to attribute this inconsistency in the background film exposures 

to unexplained but occasionally observed variations in f3 -.'1 film dosim­

etry. The film was all from one emulsion number and all films were 

treated the same. The assumption was made in the case of each group 

that, for the time period from loading info the packets until develop-

ment, all films in the group underwent the same fading and background 

change. Therefore,the figures in Table II represent the dose readings 

. in roentgens minus the actual dose reading from the appropriate control 

film which was kept in the low background cave. 

In groups 2 and 3 the fading of the co:q.t.rol films was more that might 

be expected.,even though they were sealed in nitrogen and kept in the cave, 

which has a very constant environment. In some low dose films the fading 

was as much as 60 percent. This proved to be especially annoying in 

the case of the last group, where the average readings were higher than 

in groups 1 and 2. {See Table II) 

The experience which has been gained over many years in reading 

f3- "( film indicates that the data ar.e reasonable. It may not be possible 

to attach dosimetric significance to the measurements of any one film, 

but, in view of the large total number of hours which the film spent in 

the air, the average is probably significant. 

Many possible explanations of the wide variation in measured doses 

were examined. It is quite possible that packages 9 and 13 may have 

~ . 
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Table II. Results from the (3- y}ilms makin~ flight San Francisco-London in the packets. 

* 
Total dose in milliroentgen gained mr I round trip Group 

Group Pkg. Rd. trips Hr s. in air Zero Zero 20 100 Ave. Min. Max. Ave. Average -- -- -- - -- -- -- -- --
1 6 108 . 23 26 30 6 21 1 • .() . 5.0 3.5 ,.__ 
2 5 90 16 19 57 23 29 3.2 ll. 4 5.8 

t.,..; 

3 5 90 19 19 23 27 22 3.8 5.4. 4.4 ,r'""' 

1 .. ~ ..... 
4 3 54 11 11 15 19 14 3.7 6.3 4.7 If'" (9 Dec. 16 16 16 1.8 4.6 

~~' 

5 5 90 23 9 3.2 
69 to 9 6 5 90 30 30 33 37 33 6.0 7.4 6.6 4.7 c:. 
Apr. 70) 

9 5 90 228 228 62 202 180 12.4 45.6 36.0 
(r, 

10 5 90 24 31 20 21 24 4.,0 6.2 4.8 -..!;. 

11 5 90 24 31 18 24 24 3.6 6.2 4.8 ,-

12 5 90 28 28 17 33 26 3.4 6.6 5.2 "'""· 
13 5 90 90 100 118 88 99 17.6 23.6 19.8 c· 2 
14 5 90 28 32 9 20 22 1. 8 6.4 4.4 c ( 10 Mar. 1S 5 90 28 30 12 28 24 2.4 5.6 4.8 

70 to 29 "16 5 90 30 31 14 18 23 2.8 6.2 4.6 10.6 I G~· 

-.!;) 
.._._ 

Mar. 70) I 

20 5 90 37 47 89 90 66 7.4 18.0 13.2 
21 5 90 64 92 104 97 89 12.8 20.8 17.8 
22 5 90 107 121 149 164 135 21.4 32.8 27.0 
23 5 90 30 44 96 69 60 6.0 19.2 12.0 

3 24 5 90 89 160 186 193 157 17.8 38.6 31.4 
(13 Mar. 25 5 90 47 54 96 94 73 9.4 19.2 14.6 
70 to 26 5 90 100 107 142 164 128 20.0 32.8 25.6 
14 Jul. 27 5 90 61 71 78 90 75 12.2 18.0 15.0 
70) 28 5 90 92 100 128 97 104 18.4 25.6 20.8 19.7 

Ave. Ave. Ave. Ave. 

Total Averages 62.8 8.3 16. 1 12.5 

t-< 
~( 

Approximately 18 hours in air at altitude per round trip 
IJj 
t-< 
I 

...... 
U1 
0 
U1 
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been exposed to a source uf radiation somewhere along their trips. To 

suggest that all of group 3 is higher from this type of cause seems very 

unreasonable. There is, however, experimental experience that for 

unknown reasons, probably connected with environmental conditions, 

as much as 50 mr per film might be due to activation of the silver grains 

by a so far unidentified process other than radiation. This phenomenon 

has been known to occur in the processing of large groups of films in 

which,for unknown reasons ,most of the films which left the photoprocessing 

lab apparently gained an abnormally large amount of radiation, while the 

control films that did not leave the laboratory showed nothing abnormal. 

Although no large solar flares occurred during the experiment, an 

attempt was made to correlate enhanced solar activity with those packets 

which showed a higher dose. This was only mildly successful. For 

example, June 13 and 14 were the most active days since the beginning of 

the year. There were large class X events. Packet 27 flew during this 

period and showed the highest dose of all packets for group 3. Packet 

23 also flew during this time period and showed the lowest dose of group 3. 

If the readings for the four days previous to the May 30, 1970 flare, 

made on the polar route to London, are averaged together using the amounts 

over the 4. 0 mrad background, one gets an average of 1. 9 3 mrad/ round 

trip. We assume that half of this dose was accumulated during each flight 

direction, or that on. a no -flare trip the extra amount of radiation from 

flying is about l mrad. There was thus an increase of about 50% per 

round trip due to this flare. 

Analysis of TLD Data 

The TLD1 s (thermolumine scent dosimeters) were CaF 
2

• Each 

reading is actually an average of three separate dosimeters contained 

in a small plastic disk. All readings and calibration of these dosimeters 

was done at the Lawrence Liverm,ore Laboratory under the direction of 

D. E. Jones, R. E. McMillan, and G. L. Seibel, Hazards Control Group, 

. . 
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Due to their greater sensitivity (down to 0.1 rnrad) TLD dosimeters 

were sent on only one round trip before being read. Of special interest 

is the TLD sent on the 30th of May, 1970. It was in the air when the 

first proton event in 45 days occurred. Unfortunately, on this particular 

day a TLD was not sent via JFK airport, and so no comparison could be made 

between the p.1lar and lower magnetic latitude routes. However, the 
~~ 

measurement during the flare was clearly above the other measurements. 

There was at most a 50% increase in dose for the flight during this class 

M flare. 

Experimental Results 

The experimental results from the first phase of the experiment 

are listed in Table II. The average additional dose from cosmic rays on 

flights to London from December, 1969 to July, 1970 was 12.5 ±4 

mrad/round trip with a lower-limit of 8. 3 mrad/trip and an upper limit of 

16.lmrad/roundtrip. Th~resu.Lts from the second phase of the experiment, 

including both the beta-gamma films and the TLD dosimeters,are 

summarized in Tables III to VI. 

Measured Cosmic Ray Neutron Spectrum 

One of the 600 p. emulsions was scanned for proton recoils, and 

these in turn converted to the neutron spectrum in Fig. 2. 

~~ 
A description of the flare of May 30, 1970 ,as given by ESSA, is as 

follows: 
"The proton event was associated with an imp IN,a Class M flare 

at 30/ 0240Z, (IN -A size and intensity evaluation. In this case,area 
2.1- 5.1 sq. deg with normal intensity.) again in region 760. The 1-8 
A x-ray burst associated with this flare had a peak flux of only 0. 04 erg 
per sq ern per ern per sec, but a total duration of 6 hours. Protons were 
first detected by the ATS-1 satellite at about 30/0800 Z and were of the 
order of 350 and 16 particles per sq em per sec in the 5-21 and 21-70 
MeV channels respectively. Associated riorneter absorption at 30 MHz 

was 1 Db or less. 11 
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Table III. 
60 

CaF 
2 

TLD1s ( Co mrad) 

Destination #1 #2 #3 #4 #5 #6 

Washington 8.23 6.25 9.74 12.76 5.77 1. 31 

8.34 6.28 9.98 12.47 5.74 1.29 

Average 8.29 6.27 9.86 12.62 5.76 1.30 

Tokyo 7.45 8.38 10.26 14.20 6.80 2.28 

7.69 8.54 10.37 14.28 6.78 2.32 

Average 7.57 8.46 10.32 14.24 6.79 2.30 

Buenos Aires 8.18 7.41 ll. 77 15.01 7.82 2.79 

8.63 7.71 12.05 15.35 7.86 2.92 --
Average 8.41 7.56 11.91 15. 18 7.84 2.86 

Rio de Janeiro lost 10.68 12.27 16.00 10.38 7.92 

lost 10.85 12.86 17.71 10.58 7.87 

Average 10.77 12.57 16.86 10.48 7.90 

Cave Control 2.28 2. 11 2.71 2.37 2.07 0.25 

2.13 2.75 2.31 2.15 0.21 

Average 2.28 2.12 2.73 2.34 2. 11 0.26 

:-

Home Control 3.95 4.45 6.32 8.07 4.22 I. 44 
(Oakland, Ca) 

4.52 7.53 7.15 lost I. 47 

Average 3.95 4.49 6.93 7.61 4.22 I. 46 
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226 
Table IV. 13- y Films ( Ra mr) 

The doses showri are the excess dose above the pre-irradiated dose per individual 
film. Each film has been on three round trips. It should be noted that the averages 
were taken after excluding the 100 mr exposed films, which apparently had exper­
ienced fading. 

Washington 

Tokyo 

#A 

#B 

#A 

#B 

Buenos Aires #A 

#B 

Rio de Janeiro #A 

Cave Control 

Home Controls 

Average 

Average 
... -·· 

#B 

#G 

#A 

#B 

#G 

#A (cold) 

#A( shelf) 

#B(cold) 

#B(shelf) 

29 

40 

30 

41 

31 

43 

39 

36 

54 

0 

3.5 

4 

12 

11.0 

24.0 

17.5 

30 

30 

30 

0 

30 

29 

32 

36 

3.5 

11.5 

24.0 

17.8 

Control for Rio de Jane lro flight #B 
:::~~( 

20 

30 

36 

26 

38 

30 

39 

31 

30 

50 

4.5 

2 

13 

14.5 

19.0 

16.8 

29 

26 

27.5 

40 

30 

31 

30 

32 

31 

35 

30 

26 

40 

9 

0 

0 

20.5 

22.0 

21.3 

26 

22 

24 

The 100 mr column is not included in the average. 

100 

17 

13 

17 

8 

-13 

- 1 

13 

7 

Average/trip 

10.0 

11.8 

9.8 

12.3 

10.3 

13.0 

11. 3 

10.2 

16.0 

1. 7 

0.7 

2.8 

6.0 

9. 1 

:::::~:: 
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Table V{A). Average dose/trip 

The doses shown are the average doses/trip above the backgro.und at Oakland, 
California. The values are secured, except as noted in the post note,· by subtracting 
the Oakland, California values from the flight values shown in Table I. 

TLD 1 s {in Rad) 

·'· >!< 
Destination #1 #2 #3 #4 #5~- #6 Net/Ave. 

Washington 4.34 1.78 2.93 5.01 3. 22 {7 I 34) o. 72 {8/ 30) 3.00 

Tokyo 3.62 3.97 3.39 6.63 4.00 {11/34) 1. 6o { 11 I 30) 3.87 

Buenos Aires 4.46 3.07 4.98 7.57 4.55{19/34) 1. 60 {20/30) 4.37 

Rio de Janeiro 6.28 5.64 9.25 6. 76 (26/ 34) 6. 64 (25/ 30) 6.91 

~( 

These sets of TLD1 s were handled differently from the first four sets. These TLDI s 
were kept in the cave except when in the mail. The TLD1 s were 34 (#5) and 30 {#6) 
days between preparation and reading. The numerator of the fraction in parentheses 

· in. the number of days it was out of the cave. The dose above background for these 
sets is found by: 

Dose = reported exposed dose minus cave dose 
minus (fraction) (horne dose-cave dose) 

This process takes into account the time the packets were in the cave. 

I 

., -

' 
j 

~. 
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Table V (B). 

Washington 

Tokyo 

Buenos Aires 

Rio de Janeiro 

... . ,. 

u J 

-15-

Average dose/trip 

[3-

#A 

4.0 

3.8 

4.3 

... . ,. 
2.2 

LBL-1505 

y Films (rnr) 
#B #C Net/Ave. 

2.7 3.4 

3.2 3.5 

3.9 4. 1 

7.2 6.9 5.4 

Trip# A~ Since these three trips took 46 days longer than the others, 
140/94 times the horne control dose was used to find the exposure over 
background. 

Trip # B:_ These three trips had their own cave control, so a factor of 
0. 7/1. 7 times the horne control dose was used to find the exposure over 
background. 
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Table VI. Experimental and calculated equivalent doses receioved pyr. 
·round trip in conventional jet aircraft during average sola.r 
conditions between San Francisco and several cities. 

CalcuLated SoLar Average 
San Francisco 

to: 

-·· London 
.,.. 

Washington 

Tokyo 

Buenos Aires 

Rio de Janeiro 

-·· .,, 

Charged Neutrons 
Particles 

5.58 l. 64 

2.39 0.68 

2.48 0.83 

6.98 l. 74 

5. 10 l. 30 

Conditions Ex2e r imental 
Total (3-y Film TLD 

7.22 8.5 2.00 

3.06 3.4 3.00 

3. 31 3. 5 3.87 

8.72 4. 1 4.37 

6. 40 5.4 6. 91 

There was at most an increase o£ 50% during a class M solar flare which 
occurred on May 30, 1970, between San Francisco and London. 

, i 
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The proton recoil emulsion was read using the random-walk method. 

Using this method, 1150 proton recoil tracks were measured in the 

. emulsion, which is approximately 2 em X2 em X 600fJ. in size. These 

data were then introduced into a computer program which determines 

the track-length energy. The number of tracks per energy interval . 
~N/(P.~E)was thenplottedversus energy. From this a smooth proton 

spectrum was drawn. 

The two peaks at the low end of the proton spectrum are produced 

by syste}llatic effects. They are caused by nitrogen in the emulsion 

(a nth, p reaction on nitrogen} and alphas from thorium and radium 

impurities. 

Points from the smooth proton spectrum are then introduced into 

another program which determines the neutron spectrum. (See Fig. 2.) 

A second plot of this neutron spectrum was made with a linear scale. 

(See Fig. 3.) Then,using the relations shown below 

Analytic expressions '~or dose 

Energy range 
(MeV) 
<lo-2 

Io-2 - 1oo 

10° - 10 1 

· >lo- 1 

equivalent vs neutron energy 

n-cm-2-sec- 1 equivalent to 
1 mrem-h- 1 

232 

7.20 E- 3 / 4 

7. 20 

12.8 E-l/4 

An integral rem dose was calculated for each energy interval. This rem 

spectrum was then plotted with the linear neutron spectrum for comparison. 

(See Fig. 3.) 

Calculations 

The calculations
2 

were made by a code GREP originally programmed 

at the Boeing Aircraft Company by Stanley Curtis (now at the Lawrence 

Berkeley Laboratory) and modified by Douglas Wallace and Kalina Mamont­

Ciesla for this work. This code calculates tissue doses due to galactic 
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cosm1c radiation during subsonic and supersonic flight for times of 

minimum solar activity and times of average solar activity. 

In this calculation the input to the code, which is listed in the 

appendix, is the geographical coordinates of the cities, altitude­

distance flight profiles, and block times. The program then changes 

the instantaneous geographic latitude and longitude of the plane to 

geomagnetic latitude and longitude and pres sure altitude as it 

follows the aircraft on a great circle route. At 0. 1 hour intervals, 

the ionization density, caused by charged particles in the atmosphere / 

from basic cosmic ray data ion pairs formed in a cm3 per sec of 

standard air, is converted to an equivalent tissue dose rate in mrads 

per hour with all the appropriate conditions taken into account. The ion 

pair data are entered in a table from which values are interpolated 

as needed. This dose rate is then integrated and accumulated over the 

entire flight. 

Results 

In particular, note in Table VII that the direct Los Angeles - Paris 

flight is 3. 70 mrad/round trip for an SST under average solar conditions 
1and that the same trip made by way of New York is 3. 66 mrad/round 

trip. ( 1. 28 + 2. 38 = 3. 66.) In general, while more southerly routes 

have lower hourly dose rates, the flight routes are longer and thus 

more time is spent in these lower dose rate regions (due to the larger 

area of the earth in the equatorial and temperate zones). Thus, there 

is a compensating effect which tends to make doses on· polar flights 

almost the same as those on lower latitude flights. 

There is a similar compensating effect of altitude which takes 

place as altitude is varied. Subsonic flight at 35,000 feet takes about 

three times as long as supersonic flight over the same route at 

65,000 feet. Since the dose rate is about three times higher at 65, 000 

feet relative to 35, 000 feet, these effects roughly cancel. As an example, 

. ' 
' 
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Table VII. Comparison of the subsonic and supersonic round trip 
doses computed by the GREP code. The dose is given in 
mrem obtained when flying between various city pairs 
under average solar conditions • 

City Pair 

Paris -Anchorage 
Los Angeles-Paris 
Anchorage -Hamburg 
Chicago- Par is 
New York-Paris 
Montreal-Paris 
New York-London 
San Francisco-New York 
Los Angeles-New York 
Los Angeles-Washington 
Los Angeles-Chicago 

·Sydney-Acapulco>:<>:< 

City Pair 

Par is -Anchorage 
Los Angeles -Paris 
Anchorage -Hamburg 
Chicago- Par is 
New York-Paris 
Montreal-Par is 
New York-London 
San Francisco-New York 
Los Angeles-New York 
Los Angeles-Washington 
Los Angeles-Chicago 
Sydney-Acapulco>:<>:< 

* Time in the air 
.. , .. '>''" . 

,,, Two stopovers 

. Subsonic Flight- 35,000 ft. altitude 
Block Time* mrad/round trip 

(BT) 
hrs 

9.45 
11. 15 
8.95 
8.35 
7.45 
7.05 
7.05 
5.45 
5.25 
4.95 
3.95 

17.45 

Supersonic 
Block Time 

(BT) 
hrs 

3.25 
3.85 
3.05 
2.85 
2. 65. 
2.45 
2.45 
2. 05 
1. 95 
1. 85 
1. 55 
6.25 

4. 07 
4.79 
3. 84 
3.56 
3. 13 
2. 94 
2. 94 
2. OJ? 
1. 92 
1. 75 
1. 34 
4.40 

Flight 60-65, 000 ft. altitude 
mrad/round trip 

'\ 

3. 16 
3.70 
2. 92 
2. 64 
2.38 
2. 17 
2. 17 
1.44 
1. 28 
1. 16 
0.89 
2. 08 
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note that the Los Angeles to Paris SST dose is 3. 70 mrad and the 

subsonic dose is 4. 79 mrad. In fact, the total doses for subsonic 

35, 000 feet flights are between 25 and 100% higher than for flights at 

65, 000 feet, the supersonic altitude range. These increased doses 

in subsonic flight will undoubtedly be. experienced by far more people 

than will experience the reduced doses associated with supersonic 

flights. 
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' 

c• -+:+.* 

C"'*"'* 
_______ C**** 

P~OGRAM- ACRF. (INPUT, OUT PllT, T APE5= INPUT, TAPEi.=OUTPlJTi ---- -- -

22 
42 

1 
C**** 
C**** ACRt:--AIR CRAFT RAr>IATION EXPOSURE 2 
C**** -

DTMFNSION AL1TAB(300J,DTABI300),LTABI1li,TALJABI151, 4 
11 NTTAP.Il81,FTARilOI,IPTA~(ll,l5J,SOLRA.Tillol5), NFTAB!ll,151, 5 
--2LAI~BOA(300I,XII300,3), TALT(300), IDOSEI300,21, -- _6 _______ _ 

C*"'** 
C**!!<I!-
C'•**~ 
C"'•"'-* C«,._,.,.. 
C*-.!-t>t 
C+*-t>!: 
C¥•H:t· 

C""*"'* 

1000 
c~'**-.., 

c•*•* 
'C**"* 
C**** 

3XDOSEI300,41 , SPEEDI31,NOOSE(300,21,XDOSENIJ00,41,TDOSEI300,2), 7 
4ALAT(2), PRBNMI2,lloAIRPORT( 800,81 ,ALONGI21,TXDOSEI300,41 7A 

REI\!. lATl,lATZ,LnN:;t,I.ONG2,LI\T,LNTALT,IOOSE,IPATRS,FLUXN,NDOSE, 8 
1 L AMBO A, LONG 

IMTFGER COPRMM, IRPO~T ( 800,81, OIFER 
q 

qA 
I:QUIVALENCE ( TRPORT,AIRP!lRT) -- . --·---·---------··--------·--·--·---------·· 91'1----------·· 

READ IN FIXED DATA TARLF~, THESE ARE THF SAME FOR ALL PRORL~MS. \0 
lPTAA (11,151 ARRAY OF TON rAIRS/CM~*3/SEC AS A FUNCTION OF GEOMAG- lOA 
ij[:JTC lATITIIDE /\Nil AIR O[r>TH _ 101-\ 

~PLRAT CJl .15 I AR.R AY OF ADJUSTMENT B.A TI llS_AS_ A FliNt TION OFGEOMAG~ ____ lOC: ------·--------- ·-···---------·------·-----· 
NE.TTC IJ\TITIIDE J\Nf) AIR DfPTH.THESE FACTORS CORRECT FROM SOLAR MINI- 10D 
Ml 1M TO 'Snt AR r.VEPI\I,f CONOI T IONS. . . 10E 
NFTAH (11,151 1\RRAY nF NEJITRON FLUXES AS A FUNCTION OFGEOMAG~ lOF 
NPIC L:ATITUDf AND AIR OFPTH lOG 
READ lOOO,((JPTAB(I,,II,J=1,151,I=l,lll_ ---- 11 
READ 1000,((SOLRAT(I,JJ,J=l,151tl=1t1ll 12 
R FhO _· l 000, I I NFT Afl! J, J I, J = 1, 15 I, I= 1, 111. --------··----·--------------l2A 
FORMAT (13F6.0,2XI 13 

TAITAflll51 ARRI\Y OF A.IR DEPTH VALUES (GM/CM"'*2) 13A 
LTMI 1111 ARPAYOF GEOMAGNETIC LATITUDES .. --- 13R 
LMTTtR(l81 ARRAY OF lOGARITHMS OF THE MASS OF AIR OVERHEAD AT A- 13C 
GiVENALTIT1JOE IN FTAR .. - ·-·--··---------------------- lJO------·-

FTAfl I 181 AP.R AY OF AL TJTl.IOES 'IN FEET 13F 
6~ RFJ\0. 1010,1T_ALTAA(J),J=lol51 ............. ·---·-- ------ 14 

70 RFI\0 1010, (l.TABIJI,.J=1.111 - 15 
76-- READ 1010, ILNTTAB(J),J=1tl81 ------·----- .............. '16 

. 104 RE/10 . 10.10, IFTA!l(JI,J=1tl81 17 
----·-··-----i010 .. FORMAT.(8FiO.OI . -----------~------------- 18---------

C**o~<* 
C"'**•r END OF FIXED DATA TABLES FOR COSMl(: RAY FLUXES AN!f AIR PROP.ERTIES~ 
C**** PRINT OUT THESE FIXED DATA TABLES. 

't12 PRINT 1110, (TALT\B!JI,J=1,151 19 

> 
ITi -------· tr I 
"{j N 
J:t:l w z 
t:J 
1-1 

X 

1110 FORMf\T(1Hl,//,55X,34HAIR DEPTH TABLE (GM/CM**21 TALTAB.// 20 
- --- -·z·;i4X, (lSF7.bl i' . . .. ----·--·---~----··-----·· -. ---··-- -----··-- ----------·-------------- 21·-·----------------------------

C**** 
120 PRINT .. 1090, IIL.TAB(tl tiiPTAB!ItJI;J=l.l51),y·=l,-111 ----·- 22 

1090 ~ORMAT(//6X,*GEnMAGNETIC*t38X,46HION PAIR DATA (JON PAIRS I CM*~3 23 
. 1/ SFCI IPTAB,/ 24 

2,6x,*lATITliDE*// ;25 
----·--- ---3 I 6X ~ F5. O, 13X, 15F7 ~ 1/1 fl---·-·------·-·--------------------------26 ___ --·- -------------- -----· 

c•••• 
144 . PRINT llllt ITALTABIJ),J=1t151 ---·-------- ··-·· 

1111 FORMATI1Hl,//,55X,34HAIR DEPTH TABLE IGM/CM**21 TALTAB.I/ 
2,24X,(l5F7~011 .. - . - - - .. . .. -

26f. 
26R 
26C 

t"' 
td---
t"' 
I 

f-1. 
Ul 

·0· 
Ul 
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152 PRINT 1100, ((LTAR(l) ,(SOLRAT(J,JI,J=lt15)),1=ltlll 7.7 
1100 FdRMAT(// ,6X,*GEO~AGNETIC*tl8X,62HSOLAR AVERAGE.ATMQSPHERIC CORRE 28 

------'- · ?.C:Tto~i FACTOR IGM/01,;*2 1 · sou~Ar.t -------------·- ··--·- ---·------------------··----··-- 2q··---------------· 

C\,6X,*LATITllnE•tt 30 
416X,F5.0,13X,l5F7.3/II ... ···--. - 31 

176 PRINT 1130, ILNTTABIJI,J=1tl8) 32 
1130 FORIMT(//36X,tLOG OF AIR OEPTH VALUES. LNTTAB.*//(9FL4~5/fl -------------- 33 

c•••• . --io4 _____ ----- ---i>RfNr ------ Ii 4o·; -, FT A o tJ ,-;:i,;-i ;ta,------------- - 34 

1140 FORMAT (//,36X,ULTITIIOE IN FEET FTAB.*/1(9Fl4.0/)) . 35 --·- ..... Ct;*** . . . -·· ... ··--- .. --··-·· . ··-·····-··· -- . 

212_ PRINT 1110 1 (TALTAB(J),J=1t151 35A 
C*"1<>~'* 

220 _ PRINT 1091, ((LTI\8(1) ,(NFTAB(J,J),J=1tl511,1=1t111 
··--- --1091 FORMIIT I //6X,,. GEOMAGNETIC*; 38X, 38HNElJTRON FLUX. OAT A (:~}C~-i"i/'S"EC I 

2NFTAR,/ 

3'itl ----3 5C -------------

C"'*''"-' 

3ti'IX,~ LATITIJflE*/1 
4(6X,F~.Otl3Xtl5F7.2/II 

350 
35F 
JIIIF 

c•••• RFAn IN AL( AIRPORT OATAC4 ITEMS FOR EACH AIRPORT~ CODE NAME,LATt 36 
-------· t*""~':<· LONG,FlJLL IHMEI ANO STORE IT IN-MATRIX AIRPDRiiK;-iff----·--· ·---- .36.'\ 

f.**** RFAD TN K=NtiM!'ER OF AIRPORTS 361i 
r.~u~- RFAfl IN IND, THTS 'VARlAnL.E HAS A VAlUE lERCI IF WE DO NOT WANT THE 36C 
C**** LIST OF AIRPORTS TO RE PRINTED ANO VALUE 1 IF WE DO 3~0 

244 R E All 3 0 1 0 , K , I NO 3 7 
3010 FOR~fiT (2I51 371\ --254 _____ _ IF ( TND-1 I. 305,306.,306 ----·---- -- -----------···--------------------·--------38 '------------

257 
257 

306 Cnrn TNUE C306 38A 
~RITE (6,30051 39 

3005 FOR~~TL1H1,//,35X,16HLIST OF AIRPORTS,///,4X 1 20HCOOE NAME OF AIRPO 40 
2RT, 5X, fiHLATT Tl)f)E,5X ,9Htm~GI TIIOE, 9X, 7HA TRPORT, II I 40A 

263 305 CONTINIJE 41 
--------- C***~ THE \.FOI.RAPHI t tor:AT T_ON OF THE AIRPORTS IS ENTER·EO-~J'r'H THE WEAi'HE·R- ---- -----·-·· 

C**** STAT!IlN .fiiRPORT CODE OF THREE LETTERS IN THE FIRST THREE COLifMNS. 
C***"' THF UTITUOE fiND THF LONG!TifBE EXPRESSED TO THE NEA~EST DECIMAL HUNDREDTH. 
C**** OF A DFI.RFE ARE ENTERED IN COLUMNS 11 - 20 AND 21 - 30 RESPECTIVELY~ THIS 
C**** T ~ THFN FnLLOWED IN CllLIJMNS 31 - 80 BY THE NAME OF THE CITY AND THE 
C**** AfRPORT. --·--·26 3 ·-----· . 0(1 300 I K= 1, K .... -- - - --------------·-----···-----~------- -if'3o042 ------------------·-

i 265 _ REAO 3020, (AIRPORT (JK,[M),IM=l1 8) ....... __ . 43 
. 3020 FORMAT (. AlO. 2Fl0.2 , 51110) 43A 

301 IF IIND-1) 100~310,310 438 
304 .. 310 PRINT 3030,(AIAPORTITK,IMI,H1=1,8) -, ·-·· -- 44 

3030 FORMAT( 11XoA6~l3X,F7.2,7X,F7e2t8Xt5A101 44A 

I 
N 
~ 
I 

--- jzf'___ 30 0 CONTI N~.IF . . . . . .. . -- ------ --- - .. - --- ----------------------- 441:\ ·-------------------------··----------------------

c•••• ... f***>!< 
C***"' INITIALIZE CONSTANTS 45 

324 1 CONTINUE C 1 45A 
324 SNZT= SINI11.5/57.2958) 45B 
326·----·---------CNZT=CDS ( 11.5/57 .?.958 ,---·-------------------------------------- 45C 

331 XN = 1./14.1 450 
332 ··xi<=.001924 ------·---- ------- --- ··46 

C**** RESET FLIGHT DOSAGE VALUES 46A 333 SOl MIN=O. -- ..... .. -- .... -- - . --·-·· 46R 

--------------------------------------· 

-~ 
tJj 

-----. --·- ---------------L 
I 

...... 
. U"l 

0 
U"l 



*"'*"' 334 SOLAVE =0. 46C 
335 

___ 335 __ . 
IfLR=O 46n 
SnLMTNN = 0. 46E 
$(11.AVFN .;, O. ----------------------------------------------;------------------- -- 46F ---- -·- --336 

336 

C~*"'"' 
c·uu RESET COUNTER OF READ IN CClDE NAMES IN .IT WILL-HAVE -A VALUE 1 JR 2 

I N=O 
Cj***REAn IN MESSAGE ON THE ~LIGHt 

47 
47ft 
4 7F. 

337 RFAn 10l1,SPEFD . ---------------·----~ . :~~ ------------------- ------------------------------T62l- FORMAT 13A101 - -·- ----------------· 

C**** CHEC~ TO SEE IF All PRORLEMS HAVE BEEN OO~E. IF SO --EXJT. IF NJT 
C**** CONTINU~ . . . - . . - -. 

("'"'*"' 
47H 
47J 

345 .. IF CEOF,51 qq9,2 - - -- -- - - --- - --- -6999/248 
350 2 CONTI NlJF C 2 4~1\ ------ ..... f***• R EAn , N 2 -.PRoti'i.EM .. oA'tA--cififos---cnP'R.-,:.,-M';cooe-,:;R·o·acE'M-1,1A'M'f-ANoF•No ____ 49 ___ _ 

350 
352 

C**** THETR LI'T, LONG AND Fllll. NAMES JN THE liBRARY OF AJ RPORTS 4ru, 
330 IN=1N+l . -· -· . 50 

RFAO 3040, COPRNM 5l 
3040 FORMAT 11\6) 52 

C**** RFSET TNOEX LAtK. LACK RFCOMES 1 IF A PROBLEM CODE NAME HAS BEEN 52A C:**** Fn!INo IN THE usRr.Rv of: AiRPmfrs-ANo··cf:-AiiEs-TeR'o-TF'--NoT __________________ 5zH ---------------------------------------------

3<;7 3 UCK = 0 52( 
360 . On 401 IK=l,K .. ---- ----- -- -- 0401 53 

362 IF ICOPRNM .NE. lRPORTITK,lll GO T0:401 53ft 
.365 ALAT (TNI= AIRPORT(IK,21 - - ... - .... -- 53B 

366 ALONG (JNI= AIRPIJRTIIK,3l 53C 
370·--------- PPN~M I IN, 1l,;,A I RPORT II K,4f - ------ 530·-------------------------------------------

'372 PR£\NM CtN,21=AJRPllRHIK,5) 53[ 
. 313. LACK=l - ---- -- --- --- ... ---- 53F 

374 GO Til 340 G340 53G 

I 
N 
1.11 

C''>· .. 
... ""-" 
....... ,.j 

<"'"" 
'"-~ 

,_, 
-~ ....... 

1',.' ...,, 

...c 
, ...... 
""'" 
t&.i 

,..,. 
"""" 
elf;;-:_ 

375 401 CONTINUE --- ... -- -- -- -- --- - ---------- - ------ C401 53H . 
- C*'~*ok ...0 

-·-- ------C**** . 

400 340 
- 403 -' 402 

411 
414 
422 
423 
445 
447 
450 
453 

1081 

403 

404 

345 
405 

1080 
C**** 
C"'-."'* 

/'­
C> 

IF I LACK-1 I 402,345,345 54 
PRJNT 1081, CDPRNM . - ---- - --- .. -- -- - ... -- ---- 54A 

FORM~TI 1Hl,//,lOX,A6, 37HIS MISSING IN THE LIBRARY.OF AIRPORTS! 54B 
TF ITN-21 403,404,1 - -- -- 54C: 
REAb 3040, COPRNM . 540 .J N = 3 -- .... --· ----------- ··-·---·------ -------------------------------------------------- 5'tE -----------------

READ 1020, BLKTM,RTCLIMRoCR~ALT,RTOSCNT, STARTRT, RTHRZTL,ENORT 55 
TF I IN .E:Q. 31 GO TO 3 .. ----- 55A 
GO TO 1 558 
IF I TN- 2 I 330, 405, 1 ........ - -- - .. - -----·-- 55C: 

PRINT 1080, IPRI~NM (l,J),J=1,21 ,(PRBNM(2,JI,J=lt21tSPEEO 550 
FORMAT I lHl,/ i -· ----5AlO~X~ --2HTO~ i<~5-Aio; 3Afo, i it -----------------·55F.----

500 LAT1=ALATC11 56 
56A 501 LAT2=AlhTI2l 

502 LONGl=ALONGlll 
503·----·----- -- LflNG2= ALONG I 2) 

505 
506 

C**** 
C•>~<**- CALC!JLATE COIJRSE 

XlATl=LATl 
XLATZ= LAT2 

--------------------568 _____ _ 

IN ~PHERICAl- tEOGRAPHJC GEOMETRY 

56f. 

560 
56E 
57 

~ - -­

b:l 
·-----,---+:!-

I-' 
... - 1.11------

0 
1.11 



•••• 
507 LAT1:90.- LAT1 
510 I ~T2 =90.-LATZ 
511 SNLATl = ~lNILATl/57.29~8) 
515 -----------Oil JIT 1 = COS (t A Tl/.57.29511) 
521 SNLAT2 =SJNILAT2/57.2958l 
525 CNLAT2 = COS(lAT2/57.2958l 
531 CNLGDF = CnSIA8S(LONr,2- LONI.ll/57.2958) 

57/I 
57[\ 

-------------------- _ !i7C -----· 
570 

. 57f 
58 
5RA 

. 537 ......... WSA =CNLATl*CNLAT2t-SNLATl*SNLAT2*CNLGDF 58B 
'\Bf. 
58['1 
58F 
59 

__ 543 _______ 0 l S"T:_:: 3956.>~<ATAN( I ( 1.-COSA .. •COSA l _ ."'.*•5) /COSAJ .. ___ ----·--- _ _ __ 
556 SINC =SNLAT2*11.-CNLGOF*CNLGOFI**•5/1(1.-COSA *COSAl**•5) 
570 COSC =ICNLATZ-COSA ~CNLAT1l/((l.-COSA*CQSAl **•5&SNLAT11 
577 CPSANG'=57.2958*ATAN2lSINC ,COSC l 

C**** 
602 . -IFfLONGZ~LONGlll2t53,53 
605 12 CRSII~G=360-CRS~NG --·610 ___ ·-53- CliNT I NUF. . ---· ---·-- .. --- -- ---------------------------------------

610 

C**"'"' GFNFRliTF FLTGHT PROFILE Al TJTliOE ARR~Y Al TTABINDPSI AND DISTANCE 
C**** ARRAY DTA~(NDPSl. NOTE NDPS ~ 300. . ... 

1020 
C"'**"' 

READ 1020, FILK TM, RTCLJ MBt CRS Al T t RTDSCNT t ST ARTRT, RTHR ZTLt ENDRT 
FORMI\T ( 1 F10.0l 

5<)A 
59 A 59C···---------·----

590 
5ClE 
60 
60A 

---c·.-,-.-. !'i:K.TM=THE !'LOCK.-'ftME. iN·--THE. ";\r ii""ON--(ft.if"wAYTRIP 608 
C~·"'* RTCLT~9:RATF OF CLIMA TN FEfT/MlN 60C 
C**** CRSAU=CRIJJSING ALTITIIOE IN FEET - . ----····- -------··········------- bOD 

C••~• RTnSCNT=R/ITE OF OFSCENT JN FEET/MIN 60F 
C**** STARTP.T=CLIMBING GROIIND SPEED IN MILES/HOUR....... ---- 61 
C**"* RTH~l.TL=CRIItSJNG SPEED IN MilES/HOUR 6111 

---·-···-----t****- HJORT= OESCEND lNG GR~llND- SPEElY iN--HILES/HOUR----· 61B -------------------·-· ---------·----------
"" C**** 

632 RLOATA = RlKTM*lO. 
634 NOP~ = TFTXIRU>ATA+ O.OOU01l 
636 ... 104 CONTT NI.IE 
636 R!OftTOS:RLOAT~-CRSALT/RTOSCNT/6. 
641 ---------·-·· LOATAJS= JFTX(RLDATDS+.-ooll --------------
643 AtTTABI1l=6.*RTCllMB 
645-- ... DTAiHll ,;, STARTRT/10.-

C**'** 
~47- DO 2040 i=2 9 NDPS 
ti51 IFIIALTTMCT-11+.01 1-CRSALTl 2010,2020tZ020 

-·655 ____ 2010 t F -, t-LDATADS )2025, 2025.2030 ----··---------··---·---· 
661 2025 ALTTABITl=6.*RTCLJMB + ALTTABll-1) 
664 OTAA(!l = STARTRT/10. ------------- ---
666 GO rn 2040 · 

I 
N-
o-­
I 

61C 
610 
61F 
62 62A ---·-··-------------------· --- ----------------~-

62!'\ 
62f. 

02040620 
62F .. --6 3 -------------------------------------·· 

· 6 70 2030 -ALTT AB (J l =AL TT AR I l-1 l-6. *RTCLI ;;IB ... ---------------·----·-------·--------------------- -

6311 
6 31\ 

G20.4063C. 
630 
6~\F 673 OTAA(T) = ENORT /10. 

675 ------- ---GO TO 2040 ---- - ----- "G"i64064 -------------

676 207.0 TF (J-LOATAOS) 2026t2026,2030 64A 
702 2026 Al~TARIJl=CRSALT ... - -- 64B 
703 DTABII) = RTHRZTL/10. 
706 2040 CONTINUE 
711 . ALTTAR(NOPSl =0. ----- .. ··-c-fi*_* ___ .. . . . ... . . . . --· ________ ;:___---------'----------------

64C 
C2040641l 

64E 

712 
113 
720 
721 

PDf ST =0. 
DO 10 M=1,NOPS 
POJST =PDIST+ OTAB(Ml 

lO CONTINUE 

6t; 
---··o-io 65A 

65B 
c ··to 65C 

r-· 
tJj 
..___, 
~:-

1 -U'1 
0 
.U'l . 



***4< 
C**** 
C**•i COMPARE T~E GREAT CI~CLE DITANCE DIST WITH THE DiSTA~fE PDIST CAL- 66 

-----.L~_,.,, 
C****_C!ILATFD AS II SliM OF GENERATED DISTANCES TRA\!FLLED_P_ER __ O._lf:lOU~ _______ 66A _____________________________ _ 
cuu TNCRF:I~ENT AND CORRECT THE READ IN SCHEDULE VALUE OF BLKTM TO BLK 66f\ 
C****' IF NECESSARY~ 66C 

722 ... · OIF ,; (D[ST- POIST I /IRTHP.ZTL /10~ )- -·-- - - 660 

726 IF IABSIOIFI .LT. 1.1 GO TO 102 66E 
731 .OIFER = !FIX I DIF I .. ... .. -··--····------------- ---- ---------------------·----. 66F 

732 ________ 1F ( DIFER -: 0 I l01,_l_Q2.LJQ3 66G ____________________________________________ _ 
735 101 NOPS = NOPS + OIFFR 67 
736 . RLDATA = FLUAT I NOPS I 67A 137.. . ···- .. GO TO 104 . . . . .. ' - ------ ------------.------------ ------ .. -- __ , ____ -------- - -if i.046 7f\ 

741 103 NOPS = NOPS - OIFER . 67C 
742 . RLIJATA= FLOAT ( NOPS) ........ ---- ···------------- ··--·-- 670 .. 

_______ _743__________ Gfl T£1 104 ._ .................................. ···----------------------·-----------------.------.. -------------., ....... _ .. _ 67E __________________________ _ 
744 102 CONTI NtiE 68 
744 PRINT 1180, RLKTM,RTCLIMR,CRSt\LT,RTOSCNT,STt\RTRT,RTHRZTLtENDRT _ . 6AA 

1180 FORMMflH0,47X,36HSCHF.DIIlE ll.LOCK TIME ON ONE WAYIHRSI=tf10.11/ - hilA 
224HRI\TF. !IF CLIMBIFEET/MIN)=,FlO.J,CJX,24HCRUIStNG ,ALTITUOE(FEEn::, , bdC 
3 FlO.O, 4X,26HRATF. OF DESCENT(FFET/MTNI=,F10.3//34HCLIMIHNG GROUN 681> 

--·--· _ ..... 4 S P F.F n C M t L E S/HOIJR I,., F6. 2t 3 X, 27HCR UJ SING SPEE 0 C M I Li;~,I~Qll~_l_!t.F:!•? ~ lt)( _____ 6 A F. -------- --~ ...... _ ....................... .. 
7•,5fH-Ff. FG):.)I i-mm: UP''€ (D-N'UT:-QWl'Sf'FB.I-"TT) 'lf-i 

C**** 
166 I»RTNT 1150, IAI.TTI\AIII,J=l,NOPSI 69 

1150 FnRM~T (35X, b2HFLIGHT ALTIT~DE AND:DISTANCE PROFILE IN 1/10 HOUR 70 
liN\.RE~IENTS. II 4X, . . ·-·· . . ··- -- 71 
2 AHALTTTIJLJE //1 'lFlO.O II 72 

--,--~---ii5 --·--· ...... PRINT 1160, I DHBC I I, I=l,NDPSi .. ·----------·---·----------- ----·73·------·---------------------

1004 
1006 

1160 FORMAT (litO, 3X, 8HOISTI\NCE/ I ( 8F10.2 I 74 
Bl K = RI.OIIH. I 10. . . 75 
PRINT 1170, POIST , BLK . 76 

1170 FnPMAT ( lHO, 3X, 30HTOTAL INPUT PROFILE DIS .. TANCE =··,Fl0.2,-- ---- 77 

----------·--- 12X, 13ttSTATliTE MILES // 4X, l91~FL IGHT: _P~OJ:'JL,g __ JJ~~! ___ JQ.~.L-tti:: .. r£!..Q.!...L __ 78_ 
z, 2XC l6HHIJlJRS IN THE AIR I 7<) 

C**** PRINT 0 1.1T GREAT CIRCLE PATH VALUES. 103 
i016. PRINT 1050, DIST,CP.SI\NG,XLAT1,LONG1,XLI\T2,LONG2 .. ...... 104 

1050 FORI~AT IH!l,2X,37HCOMPttTEO GREAT CTRCLE LEG DISTANCE= ,Fl0.1,5X, 105 
1?.7HTHF INITIAL COURSE ANGLE= ,F10.3// - .. -. .. .. . 106 

I 
N 
--.] 

2JX,21HLFG SHRT LATITllf)E = ,F7.2,5X,.22HLEG START LONI.JTUOE =, 107 
- -------- - 3F7 .21/JX, 18HLEG END LATITiJDF. = , 3X, . ---- ------·-: ·--·- -- ......... -------------··---108 ---------------------------------------------

1036 
1037 
1041 

4 F7.2,5X,19HLEG FNO LONGITUDE =,3X,F7.2 I 109 
C**** . .. . -

S!IMX=O.O 
00 100 I = 1 , NOPS 
I FLA = TfLR+l 

110 
D 100112 . 

...... --C ... ***. CALC' ll ATE LAT. +LONG. 0 F -F[fGHT- PAfH--frilcifEMENTS-fN--G-E(i"GRAI»HI C COORD$ 113 ----·------ ----------------------·- ------
114 

1042 
1045 
1047 
1047 
1053 
1053 

1055 

r.hu NOTE THAT THE MIDPOINT OF THE 0.1 HOUR INTERVAL IS USED TO COMPUTE 115 
C**** PllS IT TO"! AND DOSE. lib 

B 15 117 
118 

IF IIFLR .GT. 11 GO TO 15 
X= 0.5 *OTABIIFLAI 
GO TO 20 G 20 119 

15 .. X= 0.5*1 DTAfH IFlB I+DTABfrFi.B~UT------------------ --.. ---120 

2~ CONTINUE . C 20 121 
StJMX,StiMX+X --- . ------- - - 122 

C**ll<"" THE RAOTUS OF THE EARTH JS 3956 STATUTE MILES. 122A 
COSL2 =COSIStJMX/3956.I*CNLATl+SINISUMX/3956.I*SNLATl*COSC 123 

-------~---· ------ ------------.. --------------------. 

:/f"c•~":o, 

"---' 
"!'_.,..:;.;~<. 

r--­
,...~f· 

,._ 
"'-~ 

(,.-.: 

..c. 

' ""-·· 
(.·. 

"'~ . ....,_ 

{' 
""'I 

c 



•••* 
1070 
1103 

STNA =~1NIStiMX/395n.)*SlNC /Cl.-COSLZ *CClSl2 )*''•5 124 
COSNI\ =ICOS(SIIMX/3956. )-CNLATl*COSL2) /ISNLATl*Cl.-COSL2 *COSL2 125 

- -·---·. --· -·. 1}··~. 51 . . . - . . -. . . . ······--··-·· ---- .... - --- -· . -· ·····--- - --·---. ···--·----·----·--------·-- ·-- 17. 6--------··----··-~ 
C**** DETER:-IINE OIRECTlflN OF TRAVEL IN ORDER TO GET NEW l.ONGJTLJOE. 127 

1120 IF IUING2 - LONr.l) 30,35,35 B 303535 
1123 - 30 CONTTNliE . --- - --- -- C 30 129 

1123 LONG= LONG1 - ATAN21SINA ,COSNA) *57.2958 130 1130 - GO TO 40 .. - . - . . .. .. . . . ----------·----------·-···------------- G 40 131- ·-------

1131 _________ ~~CONTTNliF . ___ . _ ·-·---·- --·----·-··--··- ---·-··-------·-. _________ C_~5_13? -----------· 
1131 LONG = LUNGl + ATAN21STNA ,COSNA )*57.2958 133 
1136 40 CONTTNliF C 40 134 
1136 LAT = ATAN2IIlo- COSL2 *COSL2 )*~.5,~0SL2 )*57.29~8 - .. 13~ 
1147 LAT = 90. - LAT 136 

.. C**** COMPIITE THF NEW PRESENT POSITION COURSE ANGLE~ THE DESTINATION FOR 136/\ .. 
r:uu EACH CALCIIMTTON IS STILL THE AIRPORT AT LAT2 ANO LONGZ READ BY l36R ____________ _ 

---·-- ---·-c•••··· cARD No. a6; · THE .. cuR.RENr · ro-strfl1Ff'L"AfftimEs;-ro·NGfr'lioE5AN·o-c-ouRsE--l36c 
c•••~ ANGLE~ ARE STORFO IN THE Xl(300,3) MATRIX. 1360 

1151 I.A n = LA T ··· · ·· · · - - --- · · - · ·- · --------------------- · 13or 
1151 L~Tl = lftT2 . l1AF 
11~3 SNLAT11~ ~INILATl/57.zq5~1 l3h~ 
115& CNLATll• C:O<;CLATl/57.2<)5!1) 136H 
1162 .---·-·-·· SNLAT 22= S I Nl Lfl T 2/57 • 29531 ·-· ···-· ···--·--··· -· ---··--··· i3o f --------------
1166 rNLAT22= COSILAT2/57.2958) 136.1 
1172 .. CNLGnFF= COSIARSI.LONG2- LONGI/57.2958) ...... -- ··-· ... i36K 
1200 CnSM =CNLATll-tCNt.AT22+SNt ATll '~~SNLAT22-t:CNLGDFF 1361 
1204 nTSTT= 395b.*ATANII(1.-COSAA *COSAAI **•5l!COSAA) 13M1 
1217 S HICC-= SNU.Ti2,.. 11. -CNL r.OFF>!cCNL GOFF l "'* .5/1 11.-COSAA*COSAA) U. 5) 136N 
1231···-· ·---- . COSCC= ((NI.AT 72-COSAA*CNLfiT 111 jIll~ ~COSAI\*COS~A I**~ 5-.SNL A ill) -------1360 
.1240 CRSANG :57.295B•ATAN21SINCC ,COSCC ) 13bP 
1243 IF(LO~G2-LONGI42,43,43 136P1 
1246 42 CRS~M~=360-CRSANG 136P2 

C**** COMPIITE ABSOL'ITF. VALI'E OF 'THE GEOMAGNETIC LATITUDE. THIS ASSUMES 1360 

I 
N 
00 
I 

C**"'"' n•r: SOliTH ~1AGtJETrC POLE IS LOCATED 1'1 _THE NOKTHERN HEMISPHERE NEfiR THE 137 -----------------------------'---------··---­
C**** N(lRTtl GFOGRfiPHIC POLE AT LATITUDE 78.5 NORTH AND LONGITliOE 68.9 WEST. 137A 
C**** THE SnUTHERN GEOMAGNETIC HEMISPHERS IS SYMMETRICAL TO THE NORTHERN GE0-138 
C*i<** MAGNETIC HFMISPHERE. 1 139 

1251 43 Z = COSILAT/57.295RI*SNZT•COSIILONG + 68.9)/57.29581 + SIN(LAT/ 140 
. 1 57.29581*CNZT . . . . . ... . .... - 141 

1272 LAM£\DAIJI: 57.2958*AI'S(ATANIZI(1.- Z*Zl••.Sll 142 
---·-1305 ···-·----------X I It ,11 = tAT . . . ......... ---·- ·········---· ·---··--··--·-----·--····--------- 143 ·---·-·------- ----------------

1307 XIII,2l = L~NG 144 
1310 XTIJ,~I= CRSANG 144A 

C*U* CnNVERT HIGHT PATti ALTITUDE FOR THIS INCREMENT TO MASS OF AIR OVERHEAD. 
1312 IF IIFLB .GT. 11 GO TO 45 ........ ········-. .. . B 45146 

1315 AIT: 0.5*AI.TTAIHTFI.RI . 147 
131 i··--------·r,o To so··· · · ·· · · ··· ·-····-····-·--····--·--··--···--··-----·------------··----------------· 148 .. ----------

1317. 45 Al~ = 0.5*1ALTTAR(IFLR) + ALTTARIJFLR-1)) 14Q 
1323. 50 CONJINIJE . . . C 50 1~0 
1323 lNTt.l T = TALlllii\LT, FTAR, LNTTAB, lt 18) 151 
1327 TALTIII ~ ~XPILNTALT) 152 

C**** LOOK UP THE NO. OF ION PAIRS FOR THIS GEOMAG. LAT. + ALTITUDE. 153 
---f:f'\3------ J PAIRS·-·.,;--·-·r:BLU21LAMBOA ( n,·TALTI I i ;'LTAB~TAL TAB~ IPTAB; 1, 1, 11., 15, 1i~-f5 ____ 154 

1) 155 
i::•ili·** LflOK -liP THE NEUTRON FLUX . FOR THIS GEOMAC;. LAT • + AL TITUOE~ 1551\ 

1346 FLIJXN = TRLIJ21LAMB[)A(I),TALTII),LTAB,TALnB,NFTAB,1,1tllt15,U,L5 155B 
U .. .. - .. . . 155C 

--·-···--·-.---· -------------------· -------------------·----------------- -··-··---



- .... -
C-"*** CONVERT TO MTLLIRADS/HOIJR 156 
C*~** TOnSEINOPS,Kl AR~AY OF INCREMENTAL DOSE RATES F~OM CHARGED PAR- 156A 
C**"'* T!CLES AND GAf~MA RAY . . . 156 

------~-·- C***"" NDO SE ( NOPS, K l ARRAY OF INCREMENTAL DOS{ RATES FROM--NEti"fRONS---------·156C 
C"'*** TDOSF(NDPS .• K) ARRAY OF INCREMENTAL TOTAl. llOSE RATES 156() 
C**** K=1 CORRESPONDS TU THE SOLAR MINIMUM CONDITION . 156E 

• C**** K=2 CORRESPONDS TO ,THE SOLAR AVERAGE CONDITION .. . 156F 
~1364 TDOSE(ltll = IPATRS*XK ......... - 157 
. 1365 NOOSE (I ,1) = FLIIXN>~<XN l57A 

--i36·7--·----·-·--TDOSE (l,ll ""tDIJSE.IT,.ll .+NOOS_E.(l;·if---···-----------·------ _ 157A -----·-

C**"'* 
C**·*~ 
C**** 

CflHPliTE INCREMENT .VHJ CUMlllATIVE DOSE. IN MILLIRADS IN ARRAYS-. 158 
XDOSE (NOPS,Jl FOR CHARGr:D PARTICLES AND GAMMA RAYS 158A 
XOOSEN(N.(lPS,Jl FllR NEUTRONS 15811 

C**** TXOOSF(NDPS,JI FOR TOTAL 150C 
. .C**** J=1 CflRRESI'ONOS TO INCRH1ENJU DOSE FOR THE SOLAR MtNIMIJM CONDITION 158D ---· ·------cu*~; J=2 COPRESPDNOS TO CUm.ILATIIiE DOSE FOR.THE. ·S-OLAR MINIM.· CONOITIQ~(·-·--158E 

C**** J=3 CORRESPONDS TO INCRE1·1ENTAL DOSE FOR THE SOLAR AVER. CONDITION 158F 
C**** J=4 CORRESPONDS TDCliMIILATTVE DOSE FOR THE SOLAR.AVER. CONDITION l58G 

1371 XDOSEI I, 11 = IDOSE I I, 11*0•1 159 
1372 XI10SF.NITt11 = NDOSFIItU • o.i . . - ·- -- •159A 

t'374 _______ TXDllSFI r, 11 = X DOSE ll, il___t_XDDgtlUtU_____ ---··-· .l a; en,---------.. ----------------~--------·-··-·----·-------- .. 
1H6 TF (I .r.T.ll GO TO 80 B 80 160 
llt02 XDOSE (1,21 = XOOSF.(Itll 161 
1403 -· XOOSEN(I,ZI = XOOSEN(I,l) .................... --··-- ...... 161/1 

1404 TXOOSE (1,21 = TXOOSE IItll 161B 
1406 GO TrJ A5 - ···-· --- ········-··· G 85 162 

1407 80 CONTINUE C 80 163 
1411·------ .. X DOSE (I .ii = XOOSF (I ,i l --+ XDOSE ( J.:::i~il------· -- .......... 164------------------------

1412 XOOSEN(I,21 = XDOSEN<Ttdl + XOOSENII-1r21- 164A 
1415 TXfH1SE(!,21 = XflOSEN(I,Zl + XOOSE IIrZI 164A 
1417 85 CONTJNIIE C 85 16.5 

C**** COMPIITE SOLAR AVERAGE MIU !RAO/HOlJR OOSF .. ' .......... . 166 
1417 RATtn=TBLU21LA~ROAilltTALT(TI,LTAR,TALTAB,SOLRAT,1,1r1lr15,1lrl51 167 
.1435 ---.. -----I DOSe( I, 2 l ;,. I DO~E( I, 1 )"'P.ATIO .. -- ......................................... _______ ..... - --------.. 168 .... ------------·--·---·----.. 

1436 NOOSE(I,21 = NDOSE(l,l)*RI\TIO . 16.AA 
1440 TOOSE(I,2l = TDOSEIItlPRATIO ·········· ·--·-·······-· .168~ 

C**** COMPI'TF. I f\CRF.MENT AND CUMULATIVE DOSE IN MILLIRADS 169 
1441 Xl)llSF (1,31 =; IOfJSE(J,21*0.1 . ... .. . ..... 180 

I·· 
N 
-..o .. 

14~} _______ xnosr:N (I, 3) =.NOOSE (I, 2 l*O•:l ... __ .......... --· .... l.AOA ----·-----------------------------
1445 TXOOSE(I 9 3) = XIJ()SE (1 9 31 + XOOSEN(I,3l 180R 
1447 IF (I.GT.1l GO TO QO B 90 1R1 
1454 XDOSE (J,41 = XOOSF. (I,Jl 182 
1455 XOOSEN(I,41 = XDOSENilr3l 182A 
1457 ..... TXOO~F II,4l = XOilSF (lt4l + XOOSEN(I,41 ----.· ...... 182£\ 
146l _________ r.o rn 95 ___________ -------------------·-· · _(;_95183 __________ .. ________ .. _________ .. ______ _ 
1461 90 CONTINUE C 90 l!llt 
1463 XOOSEII,41 = XOOSF(I,3l + XDOSEII-1,41 18a; 
1464 XDOSFN(J,41 = XOOSEN1Ir3) + XiJOSENII-1r4) ...... ·- L85A 
1467 TXDOSE(1,41 = XDOSE (1,4) + XDOSEN(Ir4J 185~ 
1471 95 CONTTNI.If . C 95 186 

--~ ~]!.__ 1 o O._t:!l~_I_I_f:J_li£L, _______ ·------ -~ __ lQOl ~7-------------------·---· --------
C* *~': -
C**** PRINT OUT LEG INCREMENT RESIJL TS 188 
C***"' c•••• 

1474 PRINT 1060, ((XI(I,il,XtllrZ),XJ(lr31tLAMBOAI11rTALTlil,· 189 _________ , _________________ ._ ______ _ 

.--~ 

·l....o 

....... ~ !"-

_ .. ,. 
~~ 
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C..< 

--l.i. 
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to-

c. 
v 



••••• 
lTDOSEIJ,li,JDOSE 11,2), NOOSE 11,11, NOOSE 11,21,· TOOSE (1,1), 1R9A 
2TDO~E IJ,2)1,J=lt NOPSI . 190 

__________ _!_0_60 FOR~hT I tHO, 2X ,4-HLA T., 4X, SH!.ONG., 3X, 6HCOIIRSF, 3X, 711GEOMAG., 3X, . ···-·- ----· 1 91·--------------- -·-----·------ ____ ---·-----------
1~HATMOS.,3X, 27HCHARGED PARTICLES AND GAMMA,l1X, RHNEUTRONS,l7X, 192 
2lSHTnThL OOSE RATF,/,19X,5HANGLE,6X,4HLAT.,4X,SHDEPTH,7X,20HOOSE R 193 

. JATE (MREMS/H~),9X,20HDOSE RATE IMREMS/HRit9X,20HDOSE RATE IMREMS/HR 194 
4RI,/,J8Xo6HGR/SQ.,JX, lOHSO!.AR MIN.,5X,lOHSOLAR AVG.~SXolOHSOLAR M .. 195 
SIN. ,c;x, . . - ....... 1951\ 

6 . lOHSOLAR I\VG.,4Xt 10HSOLAR MIN. ,4X, 10HSOL_AR AVG. ,_1,40X,31::4C_M.tf_/_ ___ 196 --------·-······---·------··--··-·-·----····--·-·----·· 
71 1X,51F7.2,2XIo6IFB.6 1 7XI) I 197 

C*U* ACCIJMIILATE FLif.HT OIJSE 19!\ 
cuu Sr:LMHI,S.!1LMINN,SOLMINT- FLIGHT DOSE FROM CHARGED PARTICLES AND ·-· 19RA 
cu•~ GAMMA RAYS , NEUTRONS , BOTH FOR SOLAR MINIMUM CONDITIONS . l9fiR 
CUlt<* srt AlfE , SrlLAVEN, SOLA VET - THE SAME FOR. SOLAR AVERAGE CONDITIONS ____ - 198C 

1551 SO!.MIN = SOLMIN + XOOSE (NOPS,21 199 
fso;[ ______ snt AVF ; SlllftVE .f. XOI1SE I NnPs,4f·-- 200 ----·----------------

1554. SrLMt~N= SOLMtNN+ XDOSENINO~S,21 lOOt 
1555 Snii\VFN= SnLAVEN+ XOOSENI NDPS,4) lOOA 
1557 SCLMYNT = SOLMYNN + SOLMIN 200r 
1560 Srl AVfT = SOI.AVEN + SOl. AVE '2001l 
1562 400 CONTI NI!F. C 400201 

--·· -·-··-f*·H,.:· CHClll ATE THE 4VERI\GE··nosE PEFf .. F"CIG.Hf··-PROFfLE .. HOUi(-·-·----·-----------· 207. 

1564 

C*"'""* c•••• 
C•*•* 
c•••• 

AOFH~1, AOFHt~N, ADFHMT - AVERAGE DOSE PF.R FLIGHT PROF-ILE HOIIR FROM 2021\ 
CHARGED PftRTirLES AND GAMMA RAYS, NEUTRONS, BOTH FOR SOLAR MINI----- 202R 
MtiM C:lNOITIONS 21)2C 
AOFHA, tiDFHAN, ADFHAT - TliE SAME FOR SOLAR 4VERAGE CONDITIONS 20.7.0 
ADFHM = SOLMIN/RLK 203 

-------------·----

1565 __ _ AOFHA. = SOLAVEIBLK. ----·--· ------------·---·-·---··---·-·--·------- 204·---------------------·----

1567 
1570 
1572 
1573 ____________ (*"'""" 

C**** c•••• ··c•••• 
c•••• 

AOFH~N.= SOLMJNN/BLK 204tl 
ADFHAN = SOLAVEN/BLK 204R 
AOFHMT = ACFHM + 1\0FHMN ?04C 
AUFHAT = AOFHA + AOFHAN 2040 
CALCIILATE THF. AVERAGE DOSE PER FLIGHT BLOCK· TIME FOR 300 HRS. 205 
AOI3T}·1t AOIH"''N, AOATMT - AVER AGE .. DOSE PER BLOCK TIME HOliR FROM CH-AR::-·--- 205A --·---------------··- --------·--··-·---

r.Eo "PARTICLES AND GAMMA RAYS, NEUTRONS, BOTii FOR SOLAR MINIMUM 7.05A 
CONDIT IONS . . .. . . . . . .. ...... 205C 

lD~TA, ADRTI\Nt AORTAT - THE SAME FOR SOLAR 4VERAG~ CONDITIONS 20~0 
i575 AORTM = SOLMIN/(ALK + 0.2~1 206 
1577 ftOBTA = SOLAVF./(~LK + 0,25) 207 
1601·----- 1\01\TMN ·= SflLMl NN/ ( ALK + o. 25 i -----~-----··----···---···----·------------·------·· 208 ·---------·-------.·--------·-··-----· ................. --------·-

1602 AORTAN = SOLAVEN/(HLK + 0.251 209 
1604 AOBTMT = AOATM + ADATMN 210 
1605 AORTAT = ACATA + 1\0ATAN 211 

c•••* 
1610 PRJNT 1070, SOLMJN,SOLMTNN,SOLMJNT, SOl.AVE,SOlAVEN,SOLAVET, 212 

-----·----···ZftrlFHM, ADFHMN, ADFHMT, ADFH.~, AOFHAN, ADFHAT, .. AOBTM, AOBTMN, AOBTMT~-------·----··· 213 
3AOATA,AOBTAN,ADRT~T - 214 

.. l07b FORMAT(lH1,//,49X,13HCHARGED PART,,SX,fiHNEUTRONS,8Xt5~TOTAL,/, 215. 
24qx;qHG-\MMA RAY,//, 215A 
3 1X,481HOTAL FLIGHT DOSE FOR SOLAR MINIMUM CONOtTIONS =• 3 215B 
AF13.5. 30H MJLLIREMS PER FLIGHT PROFILE // 4qH TOTAl FLIO•HT DOS 216 
RE FOR SOLAR AVERAGE CONDITIONS ::;-;3Fl3_-5~~-------· . h.. 30H MILLIRFM·--·-217-----··----------

CS PER FLIGHT PROFJLE // 49H 1\Vr.. DOSE I FLIGHT PROFILE HOUR (SOLA 218 
OR MIN.) = ,3Fl3.5, 20H MILLIREMS PER .HOUR II 49H AVG~ DOSE I FL 21q 
Eif.HT PROFILE HOUR (SOLAR AVG.I = ,3F13.5, 20H MIUIREMS PER HOI! 220 
FR /l 49H AVG. DOSE I BLOCK TIME HOUF~ (SOLAR MINIMUM) =,3FL3.5, 221 

I 
1,;.) 

0 
I 



•••• 
222 
223 

224 

(*~~• ~FE IF THERE IS ANOTHER PRORLEM. IF SD --PROCEED. IF NOT EXtT. 2'\1 
1657 
1660 
1661 

GO TO 1 -, 
9q9 CAll EXIT 

.END 

PROGRAM l. ENGTH I NCUIOI ~G I /0 BUFFERS 

40227 

---· suti:Mi:Nr ___ FliNct r aN--REF~Ri:Nc'fs 

LOCATION GEN T 1\G SYM TAG ~ REFERENCE~ 

STATEMENT NllMRER REFERENCES 

G 1 2:n 
E 999233 

234 

-~----·- ·-·- ····-·-··· ------------------·-

----------· 

-----· ···-··· ... UlCATJfJN - GFN TAG SYM. 'f'AG·-· REFERENCEs··-----------------------------------------------------··--·-······ 

000325 l00137 1 000414 000450 000453 001660 
. 000351 L001h0 2 -- ... 000453 .. . ... ----- . - . . ... 

0003o0 L00164 3 000447 
00060h l00267 12 NONE 
001050 1.00377 15 001044 

----------- oo105'• ·- L004oo ----· 2o··-----001047 
001124 L00413 30 NO~E 
001132 L00416 35 001123 
001137 L00420 . '•0 001131 
001247 L00454. 42 - -- NONE 
001252 l00455 43 001246 

-------- 001320 ---·-·l00'• 74 ----· 45 -----001114 
001324 l00475 50 001317 
000611 L OOJ 7 0 53 000605 
001410 L00522 80 001400 
001420 LOC525 85 .. - -- · 001407 
oo 14t>Z L oos44 qo oo 1452 

·------· oo 147i _____ t005 1+7 ------ qs · -------001461 -----------------

001472 l00547 100 001461 
000735 . l 00337 101 NONE 
000745 L00345 102 000731 000733 
000741 .L00347 103 . 000734 
000637 l00275 104 000740 000744 ----000322 _____ l00135 ____ 300 ____ 000304 _________ ..;....:_:_ ____ _ 

000264 l00117 305 000257 
000260 100114 306 000256 
000365 l00130 310 000303 
000351 l00160 330 000453 
000401 L00202 340 000375 

---ooo4 5 c--l oon f--- 345 ooo4oz·--ooo4o3:------- ------------. 
ool563 1.00564 400 NONE 
000376 --· l00200 . 401 -- -- 000364 ------------
000404 L00203 402 NONE 
000415 l.00207. 403 -- NONE ------- --

I. 
w -·I 

r-·. 
'-< ...... 

c_ 

C· 

c 
c..-: 

..c 

.---..... . 

{. 

C.~ 

n > 
~" ~ 

r-....:., 



•••• 
C**** 
C**** 
C**"'* -----------· C**** 

C**** 
FIINCT I ON T RLU2 ( X1, Y 1, X, y, F z, NDLIM 1, Nlll.IM2, NX, NY, MX, MY I 

c•-u* 
. C**** LINEAR INTERPOLATION SllflROliTINE FOR Z DIMENSIONAL NON-EQUALLY/ 

C**** SPAf.E[l INTERVALS. I,ISES BINARY SEARCH SUBROUTINE BAINS. 
-----OIMENS ION X I 11, VI 11 tFZCMX,MY,.- ----------------------- "-------
C**** ORTATN NEAHtST POTNTS IN TABLE TO (XlrYll. C:All RAINSCX,NX,Xl,KX,KlXI-- -------.-------------------- ------

21 f.~LL RATNS(Y,NYrY1tKY 9 KlYI 
31-- TRLll2= . --0. -------------

G 
i; 

235 

236. 
237 
2 3R -----------
239 
240 
241 
242 

---- 32 _______ l F I KX • FO. __ 0 I _____ GO TO 9S --~- -----------------8 _98 24) 
244 
245 
24b 

37 IFIKY .EQ. 01 GO TO 98 B 911 
40 lFIKlX .NE. 01 GO TO 10 8 10 
41 . . .. FXl= F2(KXtKYI 
4~ IF(KlY .EQ. 01 GO TO 60 B 60 247 
4j FX2= .... . F2CKX,K1YI • 248 
52 GO TO 50 249 ------ s3·----To cnNTJ NlJE ____ _ --·- -------------------------------------------------------------- ·cl.o 2 50- ------- ---
53 FX1= 

74 
75 

s 

$ 

IF(KlY .EO. 01 
FX2= 

F2CKX,KYI+(X1-XlKXII*(F21K1XrKYI-F21KX,KYII/ 
CXCKlXI-XCKXII . . . . . . . . .. 
GO TO 60 B 
FZIKX,K1YI+- (X1:..X(KXI I*(F21KlXtKlYI'"'F2CKX,K1Yi II 

251 
252 

60 253 
254 
255 

116 s·cf tiiNn ~tiE 
_!_)( ~-1<_1. )(_l__:~J~~)_I ------- ------------------c -sci- 2 56 

116 Tl\LU?= FX1-t':{Y1~Y IKYI I* lfXZ:-_FXll/1 YIKlYI-Y( ~VI I ____ __ 257 
126 RETURN 
127 60 CONTI NilE 
127 . Tf\IIJ2= 
131 RETURN 

FX1 

R 25R 
c 60 25Q 

260 
R 261 --------13i ---- 98 C:ONTHiuC-;" ---------------------c-9tf 262------------------------

C"'**• 
131 - PRINT 998, Xl~Y1 --- --- ------ ------------ --- ---- -- ···------ .. ------

998 FOHMAT(*OSSS$S ERROR EXIT FROM TBLUZ, THE POINT (* F6.z, *•*• 
$ F6.-2, *1•, 2Xt *DOES NOT LIE WITHIN TABLE UMITSil<} .. . . 

·" C**** 

263 
264 
265 

I 
w 
N 
I 

--~-------f46 ______ RETTill"N R·---266-----------------------------
147 END E 267 

-~li~P~QQR.~.~---!.:~~~!!:1 ___________ __ 

00226 ---·--··· ···--·····~--· ..... ···-···· -·- ··-···- --··. 

STATEMENT FUNCTION'REFERENCES 

LOCATlON GEN TAG SYM TAG REFERENCES ----------·--- ·-· --------- ............... .,. -------- --- -·--·-· :::..;:_ __ __;,. ____________________ _ 
STATEMENT Nl~BER REFERENCES 

LOCATION GFN TAG 
000054 .. L00037 

SYM TAG REFERENCES 
10 ... 000041 



•••• 
C***i< 
C**** 

F!INCTTON TALl.I1(X,XTAR,rT!hNOlJM,NXI -·-------··c·•·*- .. .. . . .. ··--····· -·· 268. ---· ··-· ·--· ·--·--··· 

C**.l* l TNEAR T NTERPOLATTON Sl!RROliTINE FOR 1-DIMENSIONAL NON-UNIFORM PHERVAL S. 
DH1fNSIIJN XTAI3(l),FTAI11 . . .. . 

C*"'**,OBTATN VAl.UE CLOSEST TO X BY BINARY SEA~C.ti• ............................................ . 
CALL BAIMSIXTABtNX,XtKrK11 G 

2 70 
271 . 
272 

· C****' IF POJNT OUTSDl' TARLE, TAKE ERROR EXIT • .._ _____ _ 
---·-i:z-----··TALlll= . .... . ... ····--· -0. . .. ····-·--·-···---·· . 2 73 -'-·-------·-··--·-------------·------

274 
13 TFfK .EQ. 01 GO TO 99 
20 IF( Kl ~NE. 61 GO TO 10 

B 99 2 75 - ....... ·-. ·--·-- . .. .. - --- B 10 2 7 6 

C***T' POJNT IS A TARLE VAUIF. 
21 . . .. TRUll= FTB( Kl 
22 RETURN 

--- 23 ___ Io criNTINUE __ _ 

23 Tf\LU1= 

34 
34 

s 
RET11RN 

qq CONTINUE 
C"'*"'* 

FT&IKI+IX-XTABIK)I*IFTBlKli-FTB(Kll/ 
lXTABIKU-XTAB( K)) .. . . .. .. . . . ... -·· .. ---· .... 

-----34 :---·····--- .. P R lNT (J99--·~---------x----------------- -·····--·--
999 FORMAT(~O$~$$ ~RROR EXIT FROM TRLUl~ THE POINT X= *r F6e2t 

$ *DOES NOT liE WITHIN TABLE LIMITS-*i . . ... ····· .... 
C**"'* 

45 RETURN 

278 
278 

R 21'10 · c·--io za1 ·--·-----·-··--·-· 
2H2 
293 

R 284 
c 99 285 

R 

286 
287 
21'18 

289 
290 -···-··-··-.4_7 ___ , ______ ··J!'!Q_ ·--·-.--- ······---~-~- ··-··· ··-·· -------···-. ----·---~-------- --···-----------------

SUBPROGRAM LENGTH 

00105 .. ·- ..... 

STATEMENT FUNCTION;:-~EFERENCES 

LOCATION GFN TAG SYM TAG 

_S_I_I\.!~J:IEN! N11!14BE~ _f3E~ERENC~L __ _ 

REFERENCES 

REFERENCES 

i 
(J.l 

VJ 
I 

-------------------------

LOCATHlN 
. 000024 

000035 
00005(> 

GEN TAG 
L00022 
L00024 
C00004 

SYM TAG 
10 

000021 . ---·-·- ---------·· ........... - ... . 

99 
999 

000020 
000035 

-BLOCK NAMES ANn .. LENGTH~,------­

VARIABLE REFERENCES 

__________________ ...;_ ___ _ 

trC&TION. GEN TAG SYM TAG REHRENCES 
000103 VOQ007 K 000010 

- ------·-- oooto4 .. _____ vooo 1o ··--i<c·--·--·----oooou 
000102 V00006 TBLU1 000017 

START OF CONSTANTS-000052 TEMPS--000071 

000017 000024 
000020--000025 
000022 000034 

It-.!DIRECTS-000101 

-----------·----------------·---
000046 

"'""' '-" 

.~--­
... b.~~ 

i~ ~·. 

·~ .... ~ 

c. 
(.,, 

~ 

..... 
(_. 

.,.. ; 
~,, 

\..:~ 

c....: 



.......... 
C***"' 
C**~* 

$11f\ROPTINE RAINS( SLIST, MM, Zt K tKL) -------- c•..-•* ... - - . 
DTMF.NSIIlN Sl.ISTCU 

C*"'""" SLIST=TAHLEt WHICH MUST BE MONOTONICALLY INCREASiNG 
C**** OR MnNOTONTCALLY DECREASING 

--·-····-···. C**** M= NIIMBEK OF ENTRIES IN SLIST 
C**"'* 1. =VA! .. liE TO BE FOUND P.l TA~L E 

--.--t***·,..,--K=StiRSCRTPT OF VALliE IN TA8l.E--N-EARESf-TO~Z 
C**U PPOGRIIM RETURNS K = 0 IF l JF. OFF JABU: •.. 

1 

zql 

zqz 
293 
2q4 
295 

---------··-··--- 296 -------------------------------------
297 
29A 
2<}9 M=M.M 

K 1= 
l1=1 

o. ----··------···--·- -·- ·----·- -------- ·····-·-··- 300 
301 10 

u· 
12---- l 2=~1 i<" ="1 .. ·-------·-·-----------------·---

cu .. CHF.CK IF MONOTONICALLY DECREASING. IF 5.0, . GO Tn 50 
13 JFCC:Lt$T(l) .GT. SltST(2)t GO TO 50 
17 tFil-SLlSTil)) ltl5t3 
21 3 K::M 

302_ -----------------------
303 
304 

B 50 305 
" 1,.15,) 

307 
22 IFC~LtSTCMI-ZI ltl5,q 
25 ·--<n<=M/2 ·-- ---·- ---- ·- ·-· ------------__,.--"'-------- .!L1_.J5, q -----------------------------------·----

26 IFCZ-SLTSTCK)) 20, 15t 29 31. ·---- 20 LZ=K . . . - -- ··- ·········--····----------··---------

32 GO TO 23 
33 29 L1=K 
34 .23 TFCL2~L1-1) 1t14t25 ·3-; --·zs ·· M=tt+cz-·--···-·-----------

41 . GO-TO 9 
- . 42 ..... ·14 CONTINUE 

42 K= l.l 
43 -- IFCZ.*Z .GT. CSLISTILU + SLIST"cl2))f-K=LZ 
51 K1= l2 
52-------·-·- t F CK ~ EQ;. LZ) -------1( 1=L1 

54 GO TO 15 
55 1 K = 0 
56 15 RETIJRN 

309 
B 201521) ·-·-··--------·-··--· -·-·-····"········ .. 312 

G 23 313 
314 

R_l tJ4, 2 5 -·----------------·-----------------
3lfl 

G 9 317 -- ----·- · · c· 14 31" · 

·-------------- .. ---- ·"·-·· ---·- .. B 31'l 
320 
321 8 3 zi··---------------------------------

G 15 323 
333 

R 

I 
VJ .r:. 
I 

C***"' PROCFDitRE FOR MONOTONY CALL v··oECRE_A.SING._SEQUENCE~-----·----------, ··---··· --······· 
334 
335 

57 50 CONTINUE 
57--- - -1 F ll-Sl I S'r.iT)T--55, fs;i 
61 55 CONTHHtF. 
61 K= 
62 tF'CSI ISTCM)-l) 
65 . 60 CONTI NtlE 

M 
60t15tl 

65 K= M/2 
--66·--·---·ri= c z-strs·fri<,, 7o~·ls.6s 

71. 65 CONTINUE 
71 l?.=: K 
72 GO TO 80 
73 70 C.ONTTNliE 
13 L1=K 

---·74---8() r ONT I NliE--
74 IFCLZ-Ll-1) 
11-. ·····-- 85 CONTINUE . 1' 90 t 85 __ -··- ----· ----

11 M= L1+l2 
101 GO TO 60 

c 50 336 
--R55,15.1. 

c 55 338 
3)q 

8701565 
C60 341 . 

------------

342 ____ _ 
n7oT5&5 · 
C65 · 344 

345 
G ~0 346 . -·· ----- --- c 70 34 7 

348 
cao-349 
81,90,85 

--·+-··-----t_85 351. 
352 

G 66353 

--------------



.. 

AIR DEPTH TABLE CGM/CM**2l ~ALTABo 

30 40 50 59 60 70 80 90 100 120 140 200 245 300 1 03'• ·--·-- --.,.-

GEOMAGNETIC 
LATITUDE ... 

ION P~IR _ _DATA _CIDNPAIRSJ CM*-*3./ SEC I IPTAB .. "'} 

--lf8 445-;-o-43o.-a-·-4(4~o401.s-399:-o-3a3:o36&:a-349:o--Jj·i;o-291!;o-266.~o--·-iaT~o----l36~a··--95~o----·-·r"f~4--------
)• 

.. 81 ... 445.0 430.0 .... 414.0 401.5_ 399.0 .... 383.0 '_366.0 __ 349.0 __ 332.0_ 298.0 -._26,6.0 1R1.0 . 136.0 9'5.0 . 11.4 --0 

--65 .. --~- ----~-- - ~ ----- _-6 -- -- --- --------·--·-----------·-¥·----~--~--- .... ----·-----···· -------------------······~------. ------------... --~------~----~-----------------...; 
444.0 430.0 414.0 401.5 399.0 383.0 368.0 349.0 332.0 298.0 266.0 181.0 136.0 95~0 11.3 

56 411.8 404.~ 394.4 384o0 .. 382.0 369.0_ 354.8 339.4 32~.0 292.3 261.5 lAloO 136.0 95.0 11.2 

-----53 32's. o·----333:·o·- 34o~o-33·s~·i:r--·33s:·o---·-33o~--o--3Ti:5-3oa~·o-·ioo;o-21ls·;o --2&4. o-----1s1~ o 134. o 95o0 11ol 

• 50 300.0 305.0 310.0 306.0 305~0 300.Q _290.0 285.0 280.0 255.0 230.0 173.0 126.0 95.0 u.o 

--46 --------18s.o-1<15~ o -·zoa~o--·-:zoa~·o-2oa·~--o--2o8-~cf- zos;o--zoa. o--zo·a~o-f95;6'-- ·Ia5. o 135.0 103.0 75.0 10.6 

30 

---26 

10 

0 

{.~ 

127o6 137.0 145o0 149o0 .. '150~2 153o8 l55o8 J56o0 154o6 1't9o7 .. 142o2 1ll.3 87.0 

--·as:o--9·z;o----:--·9a~o--99~-o-ro·o-;.o-l.oi~o-fos:-o-fo7;·o--il-o:-o-ici'a-;.-o---·1os.o _____ ao:o· 77..0 

70.0 75.0 az.o 84.0 85.0. 89.0 93.6 95.0 100.0. 98.0 q5.0 60.0 6Ro8 

66.6 10.4 

66~-6----'io. 6---- · 

50.0 10.0 

I 
uv 
lTI 

66.3 r3:s---ao.o--a-3·;--5--84.a--'ira:-s-9i-:1--9z;6---93;5---q3~--9o~5-----7s--;o---62~Y---4a:·a··----To~o~-------

-C 

.~-~· 

"~ .. .it ... 

-· """' 
.t·'-·' ......... 

... 
~-\, 

...C· 

r• ..... 
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AIR- 11EPTH TABLE CG:o1/CM**2) TALTAB. 

3o ___ 4o--··so ___ 59~---·-&o ____ to·----acr·--9-o ___ i ao·----izo··---··---i;;o·---2 oo--24_5 __ ·3ao--i'o3;;--

GEOMAGNETIC SOLAR AVERAGE ATMOSPHERIC CORRECTION FACTOR (GM/CM~*Z) SOLRAT. T4tniJof .. ·------------~---·-- ------- ----- ·-··----- ···-· · - ·- ·- ---·- ·- -- - · ·----- - ···· ·· · · --- - ·· · · . -·-·-- 9 

--air 

ai. 

• 75'~'7'65---.-iao·---.7ifs-:'79o--~ aoo-~8io·-.-oio--.-a3o--:-84o --.850 • a ao--.--a-95·---. 9io--~~-ooo _______ ' 

65 

56 

53 

50 

--·4o 

30 

20 

--rc; 

0 

.751 ..• 766 .782 .789 ~i9o .aoo .810 .820 ·.a3o • fl40 .850 .R80 

.755 .170 • 785 • 793 .794 .IJOl .IJU .820 • 830 • 840 .~51 .881 

.774---:-ra'3--;795--;aoo--.a·of--;-soi--~-816--.-8i4--:h2---.-a4i- ;·an .881 

• 786 .793 .863' .806 .807 .812 ..• R20 • 826 - ·• 834 • 842 .853 .BR1 

.BOL • 807 o815 • 817 ;.817 .819 • AZ6 • 831 .838 .fl45 .ass .~84 

.-a97--~'>·o·o·--~--964--.-9oK·--~9o6·-.9o7 . <~io--~ 912--. 914 ___ :<114 ___ • 91 b • no 

.936 ~938- .941 .943 .943 .944 .946 .946 .948 .948 .949 .951 

.959 .961 .• 962 -.963 .963 . ~964- .966 .967 .968 .968 .9{>8 .968 

;-qt.q-:·97C--;·•r-;z---:9i3--:'fi3--~ 9i3-·-::9Y5---:-9i&·--·:qu;-·:9'n .978 .97q 

--· -- - -· • 974 .976 .. ·.977 ~ 978 .-•n8 -~979 .980 .981 .982 .982 .98'\ .984 

.895 .910 1.000 
.-, 

.8q6 • cno 1. 000 
...----·~ w •···r•--·····-·· [i: 

.897 .911 1.000 

• 8q1 .cnl 1.000 

.1198 .qu t.ooo 

.926 .q)l 1.000 

.951 .951 1.000 

.968 .968 1.000 

.979 .979 1.000 

.984 .984 1.000 
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--------------- ----·---------cac;·-oF-ATR._ilEi:i.tlf\iii.trES-LNTTAB. ---------------.. ------- ... --- ..... -··-------- .............. ·-- ----· ----------- - ... -·----·---------
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AIR DEPTH TA~LE (GM/CM**2) rALTAB. 

··--·- ... -·--·-·----------3·o·---~;-o·---··scf _____ s9·------ ·6o·- -····fc>'- ·--· ff6········· 9o··-- 100 120··--- l40 

GEOMAGNF.TIC 
LATITUDE 
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65 

--56---

53 

50 

NEUTRON FlliX DATA _IN/CM**~/SEC) NFTAB 

s:-66--4-~65---4~o6--3-:-6a--3~6-3--3·~-3o·--3-:o4--z~t9 ___ z;s4-2':·2tf----2.o3 

5.66 4.6~ 4.06 3.68 3.63 3. 30 3.04 2.79 2.54 z.2a 2.03 

5.66 4.65 4.06 3.68 3.63 3.30 3.04 2~79 2.54 2.28 2.03 

·s~ss--4. s6--:f~-9a--3::&1--:r::·s·&--3~-z3-2-~·9a-~2:73---z-~49--2~-23 ___ i.~99 

c;. 38 . 4.42 3.86 3.50 3.45 3.13 ·z. a9 2.65 2.~1 ..... 2.1~ 1.93 

' ·5.26 4.32 3.78 3.42 3o)8 3.07 2.83 2 .. 59 lell\ lolq lo39 

-----40--- ----------4.02 3.30 z. 8a ---z·~61-2. 58---z~-34 ---2.16 ----i~9a --T~ 8o-·1.6Z 1.44 .. 

30. 2.66 . 2.19 ···1.91 i.73 ····1.71 1.55 -1.43 1.31 1.19 .. 1. oi ··· .95 

1.92 1.58 1.38. 1.25 1.23 '!.12 1.03 .95 .86 • 78 .69 

zoo ..... 245 ·--- ·Joo - fo3·4·---

1. 44·----1·;·10 ----~·a·o·--·-o~·oo·----

1.44 1.10 ,8o o.oo 

1.44 1.10 .so o.oo 
f~ 41 ___ i. 08 ---·--··;78 ---o~·ocf"--

loH 1.05 • 76 o.oo 

1.34 1.02 • 74 a.oo 

1. 02 ----;7R -·-··--~-· 

.57 .... o.oo 

.68 • 52 .38 o.oo 

.49 .37 .27 o.oo 20 

-ro f:to---i-;39·-·r::zz --i::ro--T:·oc,---.-99--:-9"t--:-84---.-76--~(;a--·---:6i---:43'---:-33---~·zr.---o.oo ... 
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-.] 0 1.53 1. 26 ,, 1.10 • 99 ..... • ~8 .89 .a2 .75 .69 .62 .55 .39 .30 .22 o.oo 
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L t st OF ArRPOR rs _________ ,. ___________ _ 
·-·-~·------·-····--·----·-· -- .. -~---·----~····- --------·---------·-······- .. 

--~ODE N4ME OF AIR~ORT _LATHlii>E LONG I TLIDE ________ _ AIRPORT 

------------ABD------------------------30.20 ... -·----------48-.16 ------- ABADAf.f, iP.A"N-
__ ,__.AAQ l~~05_ -_106.40 ALBUQUER(Wf-,_N;, f:!•.Ll!~~~----· 

. ACA 16.51 -99.55 ACAPULCO, MEXICO 
. ACC . . . 5. 33 -. 13 . ACCRA, GHANA 

ACF -----··----- -------------- 28.5"1 ---------- -13.32 ---------ARRECIFE, CANARY fs: ---·· -------
. ADO 9.00 38.50 AI>Ol~ AAEBA, ETHOPTA 

-----------A oL------------------·-.:.34. 5 ~ ·----- ---i3a. 32 ------·-:-- ADELA roE, s. A!JS TRAl. i A-: 
AGA· 30.26 -9.36 . AGAD[R, MOROCCO . 

...,..,.__, ___ AGP- 34.43 ··.:4~25. MALAG·A~ si>AlN ... ---~-----~-
AGR. 27.12 . 77.59 AGRA,[NOTA . 

- -----------.~JA _____ ----------------- 41 ~55 . ------·-·-· 8. 44------ --- AJACC I o, CORS 1 CA 

AKL -36.53 174.45 AUCKLAND, NEW ZEALAND 
- ·- -------- ALA ---- ·-------·-------------- . -- 43. 15 ---- ----·---- .. 76. 51 ·---------ALMI\-A TA, liS SR 

ALG 36.42 3.08 ALGIERS,.ALGERIA 
---AMA 35~(3 -10l.49 A~ARILLO~ TEXAS~--liSA- ------~------------

. . AMM - . . 31.57 35.56 AMMANt jORDAN 
···'··------ AMS --· -------'--'·--·-------,-- 52.11 ---------- 4.40 ---------- AMSTERDAM, NETHERLANDf ______ _ 

~NC 61.13 -149.53 . ANCHORAGE, ALASKA, USA • 
. Jip';j" .. -----------······-··-- .. - ··;..13.50 -- -171.44 --· ----·----APIA, \~. SAMOII 

____ AStl -25.16 -57.40 ~SliNCION, PARAGUAY 
ATH 37. 5!!;::. "13.43 -ATHENS, GRFECE' - ----------------------
ATL . 33.45 -84.23 ATALANTA, GA., USA 
iluH ·--------------c-:--··· 23.3,-----·-·s8.35 -------ABII nAHAsr, TRucrAL ci"MAN" cMiiS"ci\T,-MusQATI 
AVS 30.16 -97.45 llliSTINt TEX, USA 

. BAH-------------·-- -------------26.00 50.30 ---------BAHRAIN is., ARABUN GiJLF 
L'AK ' 40.23 49.51 BA.KU, liSSR 
BAC "'39~11' .:76.40 BALTIMORE~ Mo;;·-liifA--
BCN 41.23 2.11 BARCELONA, SPAIN 
BOA -------------------- ·--- 32.20·----------_64.4.5 -------BERMUDA~ ATLANTIC OCEAN _______ _ 

R[)T . 13.10 -59'• 32 1.\AR.!'-ADOS, !~EST INDIES 
. REG, .. ·-·--- - -- -··- - -. 44~ 5 b ··- ----· -- 20. 30 ------- BELGRADE, YIIGOSLAVI A 

'BfR 52.31 13.24 BERLIN, GER. FED. RE~P~·---------------
----BEY 33.4?- 35.3<f" HEIR\IT, LEDiiNON·--·------ -----------------

BGI~ . ' . . 33.20 . 44.26 RAGHDAOt IRAQ 
.RHX ----------------- 52.30 -------------1.50 _________ BIRMINGHAM, ENGLAND 

BHZ. ~19.55 -43.56 HEIO HORlZONTE, BRAZil 
BJD. ---·-··------·--···:----·----··47.30 ------~---- 19.05 -----·-----6\JOAPES·T, ~IUNGARY . 

BMA . 59.21 17.55 STOCKHOLM, SWEOEN~BROMMA ARPT 
RNF. ~27~ 2 i 153. 11 IIR I SBANF.-EAGLE FARM-ARPr-;--QiiETI'if;;/.tiSi'RALfA 
BOll -16.30 -151.45 BORA-BORA, POLYNEStA . 
BOG ·----------- ----- --·- 33.26 ---· ·--·-· ;..95.13 __ .. _______ ROGOTAt COLOMBIA .... 

ROM 19.05 72.52 BtlMI'AY, !NIH A-SANTA CRUZ ARPT 
BOS --- -.- ----- ···. ··---- --- 42.21 ------·- ··-71.04 -------··-BOSTON, MASS., USA . 

RPL. 40.26 30.:11 KIEV, IISSR 
---EiRH 50.54- --4.30 BRiJSSELs,"''EIELGtUM. 

BRS 51.27 -2.35 BRISTOL, ENGLA'IID 
BSL ----- ------------------ 47.33~- ---- ------ 7~25 -------·BASEL, S~1 lTZERLAND IBALEI 
8TH 13.28 -16.39 BATHURST, GAMBIA 
RTS - -- -- --- -- 48.10 --7

--· 17.10 -----------BRATISLAVA, CZECHOSl-OVAKiA 
RUE -34.49 -58.32 BUENOS AIRES-EZEIZA AEROPUERTO, ARGENTINA 

-·--·sui=-- ·42~ 52 ·.:76~ 43 ·auFFALO, r...v~, ·usA - ---------. ----------------···-

s•rH 44.26 26.06 BUCHAREST, ROIJMANIA 
BIIR ... ----'·-----------~---· 34.12·--·-------.:-il8.18 ----------BURBANK; CALIF., USA 

. BlV -4.14 15.14 RRAlZAIJILkEt C_ONGO REP .• 
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CAl ... .... ..... . 30.08 31.24 CA !RO-!NT. 1\RPT. ARAR REP. OF EGYPT 
C,\N 23.06 113.16 CANTON, CHINA (GUANGZHOO,ZHGI 
CAS 3j.39 -7.35 CASA~LANCa,· MOROCCO 
CCII 44.50 -.34 . CALCUTTJI; INDIA 
t.ftC -41.42 ------·-1.72.38 ····--·- -CHRISTCtlliRCH, N.Z. 
CIA 41.48 12.36 . ROME-CIAMI'INn ARPT, ITALY 
CIT 34.08 ...... ...;118.08 -- ...... CALTEOt 

CMB ......... _ ... ... ·6. 56. 79.51 COLOMBO, CEYLON 
CNS -16.51 145o43. CAIRNS, .ClliEENS. AURTRAUA 
COK .9.58 76.15 COCHIN, INDIA 

---CPH 55.40.. 12.15 COPENHAGEN • ...... 
C PY ....................... ____ ................ __ 55.40 .. ______ ..... 12.35 _________ COPENHAGEN, DENMARK . 
CPT -14.02 18.28 CAPETOWN-MALAN ARPT, REP. S~ AFRICA 
C SO ........................... -34.52. . ....... ::-56.02 ···------ _MONTEVI OFO-GARRASCO AEROPliERTO, I.IRliGliAY 
CIIM 53.35 -64.27 CHURCHILL FALLS, NFLEot CANIDA 
CVG _ _39.06 84.31 CINCINNATI, OHIO, LISA ·-----------------·---··-----------------------·-·---
CVQ -24.53 113.40 CARNARVON, !~. AUSTRALIA 
DAC .. . 23.43 . 90.25 .. DACCA,'BANGLAOESH 
0-\M ....................................... :n. 30 ............... 36.19 .................. OAMIISCl-IS-I.,EZZE A.RPTt bRAP ltfP, nF SYRIA 

OAR _ . . 12.23 . _ 130.44 DAR ES SALAAMa TANZANIA , 
OC:A ........... .42.19 ........ -83.25 -----··-···-WASHINGTON DC-NATIONAL ARPT, tJ!iA 
OEL. 28.35 77.07 OELHI-PALAM INT. ARPT, INDIA 
DEN 39.43 -------l05.01 -----DENVER, COl n., USA .. 
OET 42;20 -83.03. DETROIT, MICH., USA 
nHA ............................ - ........... 26.18 ------------50.08----------DHAHRAN, SAUDI ARABIA (AZ-ZAHRANI 

DKR 14.40 -17.26 llAKARt SE!IIFGAL 
OLA ---- ..................... 4.03 .. ............... 9.42 ................ OOIIALht CAMEROON 

OMF 'i5. ?.5 37.35 MOSCmJ, IISSi!.-OOMOOEOOVO ARPT 
Dill(___ 25.17 . 51.12 -----·DOHA IAO-OA~/H,\HI QATAR, ARAB! 
ORW -12.28 130.50 DARWIN, NT •. AUSTRAL!A. 
nTT 42.13 ....... -83.22 .......... OFTROlT-METROPot.!TAN W.WNE C:O. ARPT., MICH., USA 
nTW 42.25 -83.01 DETROIT, MICH-METROPOLITAN APT 
OUR ......... ...... ........ ----1 'lo 55 30.56 .. -------- [)lJRB&.N, RF.P OF S. AFRICA . 

OXR i5.1R 55.18 IJifRAI (ntJBAYYI, TRUC!AL OMAN 

I 
l./0 
~ 
I 

E~R ----- - .19 - 32.25-----KAMPALA, IJGANOA IENTEfiBE I - --------·-···-------------------------

FlO 61.14 -149.54 ELMENDORF, AF13, ALASKA, liSA 
ESfl 39.56. ---- 32.52 ------- .. ANKARA-ESENFIOGA ARPT, TURKEY 
EVN 40.10 . 44.31 EREVAN, ARMENIA, USSR (YEREVAN) 
Elf' -34.49 ............. -5B.32 .. R!IENOS A!RES-EZE!ZA f.EqOPIJERTO, ARGENTINA 
FAI 64.51 -147.43~ ___ FI\IRRANKS, ALASKo\, USA. 

FCO 41.46 12.13 ROf~E-LEOI-IAI':IJO Do\ VINCI Dl FllJMICINO ARPT, ITALY 
FIN - -6.35. ----·- 147.50 ---·-··- F!NSCHHAFEN, NEW GUINEA . .. . 
FNC 32.36 -16.54 FIINCHAL, MADER !A IS. 
FNG ............. ·..... 39.00 125.47 .. - PYONGYANG, N. KOREA 
FRA 50.02 8.33 FRANKFURT, GERMAN-FEDERAL REP. 
KtlL ... 3.09 101.43 KliALA.liiMPUP., MALAYSIA--·-------·--------------------------

K\~A· 9oO'i 167.20 KWAJALEIN, MARSHALL !So 
Kl.ll . ..... . .......... 29.30 47.45 ........... K\J:4AJT, KU~'AIT 

LAO -8.48 U.14 LtiANilA, ANGOLA 
LAP 24.10 -110.16 ····-·-- lAPAZ, MEXICO • 
LAS 36.11 -115.08 LAS VEGAS, NEV., tJSA 
LAX---------- 33. '>6 ------.:..118• 24 ------LOS ANGELES-INTER:~I\TlONACARP·t;-ct.TTF·~-~--iJSA·------------------

LBB 33.35 -101.51 LIIBBOCK, TEXAS, USA 
LRG 4fJ.56 . 2~26 ............ PtRI St F.RANCE-LE BOURGET ARPT 
l RZ -29. 55 30. 56 D'IRBAN, REP. S. AFRICA 
LGI-f ... . ..... ............ 51.09 -.21 ...... LONDON, ENGIANO-GAT~!CK ARPT 
LHR 51.27 ~~2f) LONDON, ENGLAND-HEATHROW ARPT 
L 10------------60.of·-----··30.li _____ LEN!f'iGRAll, USSR-:IKOLOM' AGI ... Ai>H 
L!H 21.59 -159•21 LIHIIE-, KAllAl HAWA!l, IJSA 
LIM -12.03 ;..77.03 LIMA, PERU ..... . .... 
LIN 45.27 9~16 ________ _ioUL_j\Nt_l~A.LY-~O~LAN!Nl~L!NAT~ 
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. tIS 3R.43 -q.r)a LISBON, PmHttGAL 
LJIJ . 46 •. 03 14.31 LJIJflLJANA, YUGOSLAVIA 
l ON -· 51.40 .15.. LOND-ON 

LOS__ . f>. 37 ------ ·3.16 _____ i.AGOS•IK!:JA ,\RPT, NIC.E~~"-----------------------------------···------------·-··· 
'LPh 2R.06 15.24 LAS PALM~S, CANARY IS . 
L PR -1ho 30 -68-.09 LA PAT., flOLI VI A 
LPQ .. ··-·· 1'1.52 102.08 . LUANG PRJ\RMiG, LAOS 
LtiX . _ 4q.37 f>olO L~XFMROURG, LUXEMBOURG IFlNDELI 
MAA ·- ----- --- 11.00 78.15 ........... MAOR~S, !NOll\ .. . 

MAD 40.28 -3.34 MAORfD, SPAIN IAARAJASI 
---MBA- ·-,t.03 .. 3?.40 -----MiJMAI\SA, KENYA - -----

MAJ 18.30 ~77.55 MONTEGO RAY, JAMAICA 
. MCT .... - ..... --- --. 23.3 7 58~35 ·-·MUSCAT, OMAN IMASQATI 

MDL _ _ 22'o00 96.05 MANDALAY, AIIRMA 
MOY . ------- - ....... 28.13 -177.26 __ .. ___ MIOHAY ISLANI'l, PACIFIC OCEAN 

MFL__ :-3 7 .4? ______ 144. 513------ ,'IF.LBOURNE-TliLLAMI\RI NE __ AR~lo • ...Y!!;_.__0_1,!_H_~AL.T_~ 
~L~ 6.18 -10.47 MONROVIA, LISF.RIA 
~'1M .. ____ -77.50 166,25 ___ .. MC f~lJRDO, ANTARCTICA , , 
MNL 14.34 121.01 MANILA-INT. ARPTt PHILIPPINEa 
MIJ\4 55.45 37,42 MOSCOW 
MSY ....... ··-----·--· .. 2?.51!. •90,07 NEW Oi\LFIINSt LA'•t IIU 
MVD -34.5J ~56oll MONTEVIDEO, lJRifGliAY 
MWIJ .::.22.16 166.27---- NIJIIMFA, NEW CA.L-MAGENTA.AiiPT----------------------------------

MXP 45.38 8.44 MILAN, ITALY-MMPENSA ARPT 
MZT ............. -------. ?3.13 --106.25 MAZATLAN, MEXICO -

NAN . -17.43' 177.25 NANDit FIJI IS. 
NAP ------40.51 14.17 ·-·· NAPLF.S, ITALY INAPOLII 
NAS 25.05 -77.21 NASSAIJ, BAHAMAS 
NAT ·-5.47 -35.13----NATAL, BRAZIL ........ ---------------------------------------

N~O -1.17 36.49 NAIROBI, KENYA IFNTERREI 
NCE 43.40 7.14 NICF, FRANCE'ICOTED 1 AllJRI 
NLK -7.9.03 167.56 NORFOLK, IS. PACIFIC OCEAN 
OAK 37.47 -122.13 OAKLAND, CALIF., USA 
no~ 46.28 30.44 ODESSA, USSR 
GHV --------(>'1.15 -53.33.. GOOiiAVN, GRFENLAND ---------
GIG -22.50 -43.15 RIO DE JA~EIRO, BRAZIL IAEROPORTO DO GALEAOI 
GUM ..... ---------- l3.zq·-·--- 144.48------------GIIAM, MARIANAS lAGANA NASI 
GVA 46.13 6.09 GENEVA-MEYRIN 
HAN . ·····-· .. -- 21.02 105.51 .. HANOI, N VIETNAM 
HAY 7.3.08 -1!2.22 HAVANA, ClJflA 
HAA --~4l..'H -----147.19 HOBART, TASMANIA-
HI'L . 60.10 24.58 HElSINKI, FINLAND 
HGS . ------------------- 11.30 -13.15 ------------ FREETO!m, SIERA LEONE. 
HIR -9.27 159.57 HONII\RA, GUADALCA~AL, SOLOMON 
HKG - ---------~----- .. --- ........ U. 20 114. 12 ------ .. HONG KONG, RR CROWN COLONY .. 

HLZ -37.47 175.17 HA~JLTON, NEW ZEALAND 

I 
~ 
0 
I 

----iiNL-- 21.20. -l57.55 HONOUIUio OAI-iU HAWAII ;··usA----------------------------------
HRK 50.0~ 3f>.15 KHARKOV, USSR 
lAO ----------.. 3R.57 -77.27 ----·- WASHINGTON 0\.-DliLLES INTERNATTONA.L AIRPORT, USA 
IAH 39.59 -95.27 HOliSTON IINTERCONT!NENTAL APT I TF.XAS, USA 
IBZ -~- 31!.54 1.26 ----- ![lilA, SPAIN . . 
!CO 3<;.LL 33.23 NICIISIA, CYPRUS 
lEV. 50.26·----- 30.31 KIEV, \ISSR ·--·-----------------------------------·---------------

IKT 52.16 104.20 IRKUTSK, USSR 
IND ........ ---------- ..... 39.46 -86.09 --- -----·- INDIANAPOLIS, IND., liSA 

!PC -27.08 -109.23 EASTER ISLAND, PACIFIC. OCEAN 
ISP 40.44 -.--- ... -73.13 -------·--·ISLIP, N.Y.; USA 

1ST 40.58 -8.49 lSTANBIILr TURKEY IHAVA ALANll ---no 19.43·----"t55.o5·-----Htl.o, ·HA'~·Ait,· us"A---·------------------------------------------
1 XM 9.56 78.011 MADURA[, INDIA 
IYK ........... ~ ......................... 35.39 ------------117.49--- ........ INYOKERN, CALIF., USA .. 

I ZM 3R.25 Z7.09 IZMI~L TIIR~EY_ 
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JFIK 37.57 -122.28 BERKELEY, r./ILIF., liSA 
JFI> 24 •. 313 46.43 RIYADtio SAI.Ifll ARABIA, IIR-R!YAO 
JFK 40.38 ~73.47 NEW YORK, NY~KENNEDY !NT ARPT. 
JKT 
JLT 

-6.10 106.48 DJAKARTA, JAVA, ll'lllONFSIA 
-50.26- ------.30.31 ----·-- K T EVo t.ISSR-JUL !ANI ARPT, .. 

JIJN 
KEIL 

58~20 -134.27 JIJNFAllo ALA$1(A, liSA 
34.30 - .. 69.10 - --------- KA[IIJL, IIFGHAI>Ii ST_AN 

KOH 
Ktll 

31i32 65.30 KANOAHAR, AFGHANISTAN 
-3.57 122.35 .... KEND~R!, CFLEFIF.S, INDONESIA 

KEF 
KHT 

64.02 -22.36 REYKJAVIK, ICE. KEFLAVTK ARPT. 
---------24·.51. 67.0z' _____ K4R/'C:Hio w. f'AK!'STAN. .. . ---- ---------------------

KIE 
KIM 
KIN 
KNII 
KOA 
KOT 
KRK 
!<RN 

·KRT 
KHI 
OGG 
OKA 
PKC 
OKO 
OMA 
llME 
OMS 
OPO 
ORO 
ORY 
O.SA 
IJ<;L 
OTP 
llTl 
OVfl 
PAP 
PAR 
POX 
PEK 
PER 
PHL 
I'HX 
PIK 
PLZ 
PNI 
POM 
PUN 
POS 
I''PG 
ppT 
PR\. 
PSA 
R ~I\ 
RAK 
RAR 
RflA 
R_FK 
RGN 
RIO 
RML 
RNO 

-6.13 155.38 KIETAo BUUGA!NVILLE SOLOMON IS 
-29.43 . ------- 2'+o'46 - KIMI\ERt.i=Y, .IIEP OF S AFRICA .. 

18.00 -76.50 KING-STON, JM1AICA 
26.28 .. - 80.20 K~NI'UR, HID! A 
21.24 -157.44 KONII, KAllllll, HAWAII, USA 

---------58.59 -2.58 "-l RK>IALL, ORKNEY IS~ --S-COTLAND,----· 
50i03 1Q.58 • ~RAKOW, POLAND 
67.51 20.16 -------------- KJPIINA, SWEDEN 
15.36 32.32 I<HARTO'IM. $11DAN 
17.42 85.20" I<AT~ANilll, NEPAL 

.20.54 -156~26. KAHI,-Llll, MAll! HA 1~AII, liSA . 
------'26. 22-----127.45 OK HHWA' R YUKYIJ Is. ( KAOENAI ___________________ ------------------------------

35.2~ -97.12 OKLAHOM;\ CITY, OKLA., liSA 
43.iO 141.21 .. ---- SAf'PORO, JAf'AN IOKADAMA ARPTI. 
41.16 -'75.57 OMAHl, NFB., IJSA 

-64.30 --:.165.24 .. ------ NmiE, ALASKA, USA 
55.00 .. 73.24 OMSK, IISSR 

. 41.11 .. -8.36·----0PORTO, PORTIJG~L 
.. 41.59 -117.54 CH!CAGfJ, ILL-OHARE ARI'To USA 

48.45 2.24 PIRlS 0 FRANCE-ORLY ARPT 
34.47 135.26 OSAKA, JAPAN (KOKliSAI-KUKOl 
59.55 10.45- .. -- -- OSLO, NORWAY 
44.26 26.06 EIIICiiARf:ST, ROlJ-OTOPENI ARPT · 

,. 
""-,_. 
I 

66.53 ----:-162.39 ----- KUTZEBUE, ALASKA~ USA.---------------------------------------

55.02 8l.55 NOVOSIBIRSK, USSR 
18.32 .... -72.20 -------.. PORT AU PRINCE, HAITI 
48.45 2~24 PARIS-ORLY ARPT, FRANCE 
45.33 -122.36 ------ ---f'[IRTL.AND, ORE., USA 
38.47 116.23 PEKING, I'EIPING, CHINA INANYANGCHANGl 

-31. 57 _______ 115.58·-----PFR.Tih \~ AUSTRAl I·A - ----·----- ,--------

39.53 -75.14 PHILADELPHTJI, PA.,.USA 
33.27 -112.05 ------ PHOff\I(X, ARIZ., LISA 
55.30 -4.31\ GLASGO.-/, SCnT-PRESTHICK ARPT 

"-33.58 25.40 PORT ELIZABETH, REP. S. AFRICA 
.. 6.56 158.13 PUNAPE, CAROLINE§, .PAC. OCEAN 
.,-9.30. ----- 147.10------ PORT MflRf:S!lY,, J>APUIIo N GUINEA------------------------------------

6.58 158.13 PnNAPE, CIIROLINFS 
10.39 -61.11 PORT OF SPAIN, TRINIOI\0 

·-14.16 -170~42 PAGO PIIGO,. SA'IOII . 
-17.32 -149.34 PII'EETE, TIHJTJ, FR POLYNESIA 

50.05 14.26 PRAGIJE, CZECHOSLOVAKIA 
-,t3.4.1. 10.23 PiSA, !TillY.· . . . ... -------

-4~ 13 152.11 RABAIIL, NF 1~ fiR ITAIN, No GIIINF.A 
31.49 -R.OO --- "1.\P!lAKECH, l~llROCCO . . .. 

-31.14 -1~9.46 RAROTONGA, COOK IS. S PACIFIC 
34.02 ---- .... -6.51 --- RAB·AT, MOROCCO 
64~02 -22.36 REYKJAVIK, lCELANO 
16.47 ------96.10·----·RANGOON, 1\IIR'IA . . 

-22.55 -43.10 RIO DE JANERIO, BRAZIL !SANTOS OLtMONT ARPTI 
b. 56 ............ ...... 79.51 - ..... - COLOMBO, CEYLON-RATMALANA 

-26.06 28.14 JOHANNESBURG, R S AFRICA (JAN S~ITSl 
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RNO 39.31 -119.46 ~FNO, NEV., USA 
RO~ 41.46 12.13 ROME, ITALY 
SAF ... .. . .. 35.42 -106.57 SANTA FF., N.M., liSA 
SAN 3l.43 -117.09_ SAN Ot~do, CILlF., U~A . • 
SAO - 2.i.J2 -----46.37 ----· <;Ao Pll'lt.n, !JRAz-IL .- · ·---------.-------------------·-··-------------------------

SAY -17.50 31.63 SIILISB~RV, RH~OESJA 
SCL ---- -33.30 ...... -70.40 SANTIAGO, CHILE 
Sntl -7.2.55 -41.10 RIO DE JANERIOt Ril.AZH (SANTOS OUMDNT ARPTI 
SEA·--------·-----·---- 47.27 -122.18 ............ SEATTLE-TACOMI\ INT. ARPT, WASHINGTON, liSA 
SF.L 37.32 126.56 SEOUL, ~~P OF KOREA 
SEZ- -4.35·---- 55•'•0 SEYCHELLES IS., INDIAN OCEA~i·----------------
SFJ .. . 67.0b -50.59 SONORE STRO~FJORO, GREENLAND 
SFD - ·- -------· ---- 37.37 ....... -122.23 SAN FRANCISCO, CALIF., IJSA 
SGN 10.49 106.40 SAJGOIII, S VIETNAM ITAN· .SON NHUTI 
SHA ------------- ............ ·-- ..... 31.12 ........... 121.23 ------- . SHANGHA 1, CHINA 

SIN 1. 21 103.54 S J NGAPDR Eo S 11-lGAPORE I PAY_A-t ER~R .1 
SJII 18.28 ____ -66.07·----·SAN JUAN, P'IERTO RICO ...... ----·-----

SKO 39.40 66.58 SIIMARKI\N[I, liSSR 
SLC .... 40. 1t6 -111.53 SALT LAKF CITY, UTAH, liSA 
SNN 52.30 -9.53 SHANNONi.IRELAND ILIMERICKI 
SOF. ...... ...... . ...... 42o40 ............. 23.18 . SOFIA, 811LGARJA ISOFJVI\1 ' 
SPK 43.03 141.21 <:APPI1RO, .IAP4111 
SPN .. 15.10 145.45----SAJPAN, MARIANA IS.---- .......... .. 

§TO 59.37 17.55 STOCKHOLM, SWEDEN IARLANDAI 
STT ---- 113.21 . -64~59 ---- ST. THOMAS (HARRY TRUMAN APTI VIRGIN IS. USA 
SVO 55.45 37.35 MOSCOW, liS IMOSKVA-SHEREMETYEVO ~.RPTI IIS<;R 
SVO ... -- ....... 37.23 ------- 5.59.. Sf'VILLE, SPAIN 
SYD . -33•52 151.13 SVONEY-KIIIIGSFJRD SMITH ARPT, NEW SOUTH WALES, AUS. szr. -·----- --47.48. 13. oi SALZBURG, AlJSTRI ii · · · · .. ··· ·- ·· ..... ·· ·· .. · - ··· · -·--------- --------
TAR 11.15 -60.40 TO~Ar,n, TRJNJDI\0 AND TOBAGO 
T AS 41.20 . 69.18 ............ TASHKENT, IISSR 
THF 52.29 13.25 AERL IN-TP1PL FHOF IZENTRAlFLliGH~.FfNI GER. FED. REP. 
TIUI -21.17 -175.08 TONGA, TONGATAPU .IFUAAMOTU ARPTI NEW HEBRIIlES 
THR 35.40 51.26 TEHERAN, IRAN (TEHRANI 
TIJ 32. 32------.;i.l7.01 -TI JIIANA, MEXICO .. . ------· 
TIP 32.58 13.12 TRIPOLI, ARAB REP.-OF liAYA 
TKE ----------------- ......... 3q.20 -·---·--------120.11 ---------, TRIICKF.E, CALIFORNIA, USA 

TKK- 7.23 151.43 TRUK, CAROl INESt PAC. OCEAN 
TLS 43.36 1. 26. TOll LOUSE, FRANCE . . 
TLV 32.07 34.45 TEL AVIV, ISRAEL 

I. 

""" N 
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TNN 23. OO--~-'i20.11-----TAINAN; REP OF CHINA .. ITAI~'ANI------------------- ---------------------

TNR -1R.55 47.31 TANANARIVE, MALAGASY REP. IANTANANARIVOI 
TOM ...... --···· .. .... 16.46 ... ---- 3.01 ·--·- ... TOMROUCTOII, MALl 

TPE 25.03 121.30 TAIPEI, REP. OF CHINA ITAIWANI 
TPJ 18.00 -76.50 ................... KINGSTON, JA~AICA-TINSON PEN 
TRN 45.03 7.40 TliRI"l, ITA! Y !TORINO I 
TRR -- R. 34 ------ 61~ 14 ----TR 1 NCO'IALEF., C EVLON ........ -- --------·-·-------------

TRV. . 8.26 76.57 TRIVANDRIIM, INOlA 
TRW.. .. -·- ··---- 1.25 --- 173.00 'TARAPA, GtLRERt IS., PAC.IFIC OCEAN 
TRZ 11.43 83.19 TR JCHINOP:1LY, I NOI A ITIRIJCHCHIR I 
TIIM .. --- ···-··.. . 30.10 -85.41 PANAMA CTTY, PAN-TOCUMEN ARPT 
TUN 36.48 10.11 TIJNISt TtJN!SJA • 
TIIS -·-·32.13---.;.110.58- \ TUCSON, ARIZ., USA 
TVL 38.54 -126.00 LAKE TAHOE, CALIF., USA ISO. UKE TAHOE ARPTI 

. TWF ·-·- ····- --------- '•2.34 ·-·-.:..114.28 ----·--·-TWIN FALLS, IDAHO, USA 
TYO 35.33 139.46 TOKYO -KOKIISAI-KUKO ARPT, JAPAN 
TZA ··-··---··-··· --17.30 ---- --RR.12 --·--BELIZE, BRe HONDURAS-MLIN ARPT IBEllCEI 
lllN 47.55 106.53 ULAN 1\ATOR, MONGClliA (liLA4NEIAATtPI , 

--LtMR .:..31.31----·137.10- WOOHERA, S. AUSTRALIA. . .. . ... -----------------

VCL 46.45 2.10 PARIS-VILLACOUBLAY AERODROME, FR~NCE 
VCP ...... - 23.00 - --------- 47.08 -----·---SAO PAULO, BRAztl'-VIRACOPOS .AEROPOP.TO 
VIE 48.13 16e20 VI ~NNA, AU~TRIA_ I WI EN, VtENNE) 

', 



VKO 5t;.J7 37.11 MOSCOW-VNIIKOVO ARPT, USSR 
VLC 39.28 .22 VALE~CJ/1 9 SPI\IN (VALENCE! 
VI'S 30.29 86,30 ···-···-- EGLIN .A.F. ~ASEoFLA.,liSA 

VTE ·---- ··-------- 17.58 ------- .102.36 ____ VIENTIANE, LAOS~· .... _ : ..... _____ ,__ ---~---·-·---·-·-·····--
WAK 19.17 166.37 ~IKE AIRPORT, w•KE ISLANO, PACIFIC OCEAN 
WAL 47.2R -115.56 . ~IALLACE, IOMIO, -LISA 
WAR . .......... 52.15 ....... 21.00. ···---·· WI\RSZAWA ( '.JARSA\ll 

WAW 32.15 21.00 WARSAW, POLAND (',·IARSZAWAI 
WKE 19.17. 166.36. ~AKE ISLAND, PACIFIC OCEAN 

0t~ ~it~: -----_:g~:i~ ~~~~~~GJ~~;, Ns~· PACIFIC OCEAN--.. -----------------------
YAP 9.34 138.09 YAP, CAROLTNES, PAC. OCEAN 
YDA ···- ·····-·-·· 64.04 ·--··· -139.25 ·-----··· DA 14SON CITY, Y.T. CA~ADA .. 

YOQ 55.46 -120.14 01\WSON CREEK, R.C. CANADA 
.YOW ·-~--- ~5.25 -75.42 OTTAWA, O~TARIO, CANADA 
YEG 53.33 -113.28 EDMllNTON-INTERNfiTIONAI. ARPT, CANADA 

--·-YFa···-·-· h3.44 ---- -68.28·---FROJHSI·IER ~1\Y, N.W.T. CANADA--·-·-·-----· 

YFO 54.46 -101.53 ... FLIN FLONt MAN. CANADA 
... YJT . ....... '•R• 33 ..... -50.35 .... -. STEPHENVILLE, NFLD. CANADA 

YOR 46.47 -71.23 Q!IERF.Co QUE. CANAOA 
Y!IL 4?. 26 -73•'•5 MONTREAL, QIIE., CANADA 
YVR. ····--------· _49. 11 ______ ::-123.10 ----· VANCOllliER-lNTF.RNIIT IONIIL _ARJ'Ir .... Ji._c; 4 ,___CANA{lA __________________________________ _ 
YWG 49.53 -97,09 WINNIPEG, M~N., CANADA 
YXO 53.33 -113,2R EDMCINTON, ALTA., CANAOA 
YXI .. I 42.59 -81.14 ........... LJNOON, ONT., UNADA 
YYJ 48.25 -123.22 VICTORIA~ B.C., CANADA 
YVl .. 43.41 ..... -79.38 TOPJlNTCl-INTo ARPT, QIJE., CMIAD/1 
YlF 62.27 -114.21 YELLOWKNIFE, N.W.T,, CANADA 
lAG·--- -·-45.43 -----· 15.511·----ZAGREB, YUGOSLAVIA .. .. ... 
ZAH 6.54 122.05 ZAMBOANGA, PHTLIPPINE IS 
lNl 6.10 39.11 ZANZIR~R,_ TANZANIA 
ZRH --~- 47.27 8.33 liiK!CH-K·LOTEN FLLIGHAFEN, ~WITZERLAND 

~·- 30.20 48.16 ABAilAN, IRAN 
A!JH 23.37 58.35 ABU DAH~liit TRUCIAL OMAN IMliSCAT, MiiSQATl 
~CA ---,-- .16. 51 ..:q9. 55·----- ACAPIJLCO,, MEX !CO .... --------···--·- ---·· --- ..... ----------·--

ACC 5.33 -.13 ACCRA, GHANA 
AOO ·-·········- 9.00 -·-···-··· 38.50 ADDIS ABEBA, ETHOPIA 

ADL :-34.58 13fl.32 ADF.LAIOE, s. AUSTRALIA 
AGA .... ······-· 30.26 -9.36 . ·-- AGAOIRr r~OROCCO 

AGR 27.12 77.59 AGRA,IN'OIA 
AJA --41.55·-------8-.44 A.JACC:I'lo CORSICA··-··------------------~----·-· 

ARQ 35.05 -10&.40 ALRIIQUERQUE, N. H., USA 
ALG ···-·· .......... -- 36.42 -- -- .. 3.D8 ··-··-----·-.ALGIERS, AI GERIA . 

ALA .43.15 76.57 ALMA-ATA, USSR. 
A .. MA 35.13 .. -101.49 . AI~ARILLO, TE.(ASr USA 

I 

"" UJ 

AMM 31.57 35.56 AMMAN, JORDAN 
---AMS 52.1 7. . .. 4.40 AM~TEROt.~, NETHERLANflS ------------------------------·-····---------

ANC 61.13 -149.53 .IINCHllRAGE, ALASKA, USA. 
ESA ·--··- ........ .39.56 32.52 ....... ANKARA-E~ENAOGA ARPT, TURKEY 
APW -13.50 -171.44 APIA, W, SAMOA 
ACE ... ---- ·- 211,57 -13.32 ----- · ARRI'r.JFEo CI\N~RY IS. 
ASII -25.16 -57.4D ASUNCION, PARAGUAY 
ATH- .... 37.58 23.43·---ATHFNSt GREECE 
~TL 33.45 -84.23 ATLANTA, GA, liSA. 
AKL -- -· ---- .. , ..... - . -36.53 - .. ··-·-·· 114.45 . AUCKI AND, NEW ZE 4LANO 

AUS 30.16 -97.45 AUSTIN, TEX, USA 
RGW ... --- ------- ....... -·- 3.1.20. --·--···-·····. 44.26 ....... ···-·--- iiAGHDADo IRAQ 

11AH Zh. 00 50.30 R'AHRAIN IS., ARABIAN GULF 
--1\AK 40."23 if9.5l BAKU, !I~<;R ·---·-· ·····-------------· 

HAl 39.11 -76.40 BALTIMORE, MD., USA 
AOI --·-· -··-··- -----·- --- 13.10 -------·--:::sq~ 32 ··-----·BARBADOS, \oiEST INDIES 

RCN 41.2_3 ___ -----· __ 2._1~------- -~_A-~C~LilNAt SPAIN 

-l!l 
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R'\L 47,33 7,25 BASEL, ,s~·ITZFRLANO IBALEI 
8TH 13,21:\ -16.'39 BATHIIRSTt GAMBIA ' 
REV .... ____ ,_____________ 31,49 -----.. 35,30 - ---- - REIR'Ho LEI:lA:--ION. 

BFG 44,50 20,30 BELGRAflE,- YIIGOSLAVIA 
---riA n.3o .:.:.as.12- ilEu ze, 1\R, Hn"lotiRAs.:.:.·Murii--iiRi>i-·csEucer·-------------------

BHz,-__________ , _________ ,_-19,55 --------- _ -43.56 ________ , ___ RELO llORIZONTE,_RRAZIL 
JBK 37.57 -122.28 RERKELEVt CALIF., USA 
BER 52.31 13o24 RERLINo GER. FF.Do REP. 

---------THF -- ------ -- 52.29 ____ .. 13.25 ----- RERLIN-TEMPLEHOF IZENTRALFLtiGHAFENI GER. FED. REP. 
____ BOA 32.20 -~6'to45_: ____ 8EIUliiOA; ATLANTIC OCEA,N ______________________ :_ ____________________ _ 

RHX 52.30, -1.50- BIP.MINGilAM, ENGLAND 
BOG 33.28 -95,13 BOGOTA, tOLOMBiA 
ROM .. ----------------·---------- 19.05---- ---------- 7?,.52 ----------- R!lMBAY, INOlA-SANTA CRUZ ARPT 

________ Bi'JB ____________________ -16.30 ________ -151. 45 _______ B!lRA-RORA, POLYNESIA 
ROS '42.21 -71.04 ROSTON, MASS., USA 
BTS 48,10 17.10 ·BRATISLAVA, CZECHOSLOVAKIA 

----3ZV -4.14 -15.14- RRAlZAVILLEo CONGO REP. -·-
liNE _ _ -27.27 - . 15Joll _ BRISRANE-EAGLE FARM ARPT, QIIEENS,, AtiSTRAlTA 
RRS- - ___ , __ .. _____ , ____ - 51.27 .... -- -2,35 ---------- RRISTOLo ENGLAND - - . --

RRH _ ........... -------"-- .. ------- 50,54 __ __ 4.30, ______ 1\RIISSEI.~, !IELGJUM 
Bllti 44.26 26,06. RIJCHAREST, ROllMAN lA 
OTP 44.26 21>,06 l\l,lrHA.RE$T, R0 1J-OTOPENI ARPT 

----11-10 47.30 19.05 RtiOAPEST, HUNGARY - - -------------------

BilE -3'••49 -58. 3Z BilE NOS A IRES-EZF.IlA AERO?UERTO, .ARGENTINA 
E7.E -- -------· -----·- __ , _____ 34.49 -------- -5R.3Z_______ BIJENOS AIRES-EZEIZA AEROPUERTO, ARGENTINA 

RliF 42.52 -76.43 BUFFALO., N.Y., USA 
AIJR ------------------- .. -- ... 34.12 ............ _118,18 BIJRBANKt CALIF., USA 

CNS -16,51 145.43 CAIRNS, Q\IEF.NS. AURTRALIA 
-----C"AI 30.08- -31.24 'i:AtRO-INT. ARPT~ ARAR REP~--o·F-E-GYPT----------------------

CCU 44.50 -,34 CALCUTTA, INDIA 
CIT ..................... 34.01\ ______ -118,08·--------CALTECH 

CAN 23.06 113.16 C:ANTO!>l, Cft!NA I GIIANGZHOO,ZHGI 
CPT .. ---- ----- -34.02 -- ll\.28 -----·----CAPETOWN-MALAN ARPT, REP. S. AFRICA 

I 

""' ""' I 

CVQ -24.53 113.40 CARNARVON, W, AUSTRALIA . 
f;AS- 33.39 - ~1. 35 CASABLANCA, MOROCCO . ----- ---------------------------------------

ORO 41.59 -87,54 CHICAGO, ILL-OHARE ARPT, USA 
CHC - -------------------;;43.42- --------172.38 , _______ CHRI STCH~IRCH, Nolo . . . . . .. -------------------

C1Jt4 53.35 -64~27 CHURCHILL FALLS, NFLE., CA.NADA 
CVG- ------------·--···-·····-···-----· 39.06--------------- 84,31·-------------- CHIC_INNATI, OHIO, USA . -- --------------

COK 9,58 71>.15 COCHIN, INDIA 
CMR 6,56------79,51 ----COLOMBO, CEYLON·------------· 

RML 6,56 79,51 COIO~BO, CEYLON-RAT~AlANA 
C:PH ------··-------- 55.40 -----------12.35 ---------------COPF.NHAGFN 

CPV __ -----··--····---- _ _ 55.40 _______ _ 12.35 __________ COPENHAGE"lt DENMARK 
OAC 23.42 90,22 DACCA, BANGLADESH 
OKR 14.40 -17.26 DAKAR, SENEGAL 
OAM 33. 30 ____ 36.19 DA:~ASCIJS-MEZZE ARPT,- ARAB-REP-;,-OF-SVRTA---------------------

DAR 12.23 130.44 OAR ES SALMM, T.ANZANTA 
OR\~ -- - ---- - -12.211 130,50 ----- - OA.RI·'INo NT. AUSTRALIA •. 
YOA 64.04 -139.25 OAWSON CITY, Y.T. CANADA 
VDQ --------- 55.46 .. -120.14 --·--- 01\WSON CREEK, B.C. CANADA 
OEL 28.35 77.07 DElHI-PAL AM INT. ARPT, INOI~ ------
llEN-- -39,'43 -'to5.0C ___ OENVER, COLO., USA .. ---· ----------------
OTT 42.13 -83,22 DETROIT-~ETROPOL(TAN WAYNE CO. ARPT., MICH., USA 
OTI-I ----------------- -42.25 ---------- -83,0!' --------- OETRniT, MICI-f-'IETROPOLITAN APT.... . 

OET 42.20 -83,03 DETROIT, MICH., liSA 
DHA -- -- ---- 26.18 50~ 08 - OHAHRAN, SAUDI ARABI A I AZ-ZAHRANI 
JKT -6.10 106.48 DJIIKART Ao JAVA, I NDO"lESI A 
OOH -25.17 -51o3i. 'i'IOHA IAO-OMJHAHi QATAR~-ARAOIA·----
OLA 4.03 9.42 DOUALA, CAMEROON 
DXB ----------------------- 25~Ui -------- 55.18---------0UBAI ID118AYYio "T;RUCIAL.OMAN 
OUR -19.55 30.56 __________ DUR_RAN,_ REI' __ or:__!;• _AFRI_CA 



#, 

LBZ -29.55 30~56 DURRANt REP. So AFRICA' 
!PC -27.08 -109.2i EASTER ISLAND, PACIFIC OCEAN 
YXO 53.33 -113.28 EDMONtON, ALTA., CANADA 
YEG 53.33 -113.28 ED~ONTON-INTERNATIONAL ARPT, CANAOI 
VPS ---------------------30.29 ------,--- 86.30 ------·Er.LIN -A. F •. BASE'. FLA. eliSA ... 

flll 61.14 -14'l.54 ELMENDORF, AFB, ALASKA, liSA 
EVN 40.10 - - 44.31 EREVAN, ARMENIA, USSR IYEREVANI 
FA! 64.51 -147.43 FAIRBANKS, ALASKA, USA 
FIN --- ----. --· -- -------- -6.35 .. 14 7 • 50 - --------·· F HJSCHH.\FEN, NEW GtJI NEA 

YFO 54.46 -101.53 FLIN FLON; MAN. CANADA 
----FRA 50.02 -------· 8. 33·-----FRANKFtJRT, r.FRMAN FEoEil.ACR-FP:-------· 

HGS 8.30 -13.15 FREETOWN, SIERA LEONE 
YFB -------- ·- --- 63.'•4 ·--··· ----68.28 --------- FRORISHER RAY, N.IJ.T. :cANADA-
FNC ___ 32.38 _' -16.54 FtJNCHAL, MADERIA IS. 
GVA 46.13 6<09 r.ENEVA-MEYRJN 

--- P IK -------------- 5<;. 30 ____ -4.36----- GLASGO'.~,_ SCOT-PRESHI.ICK. _1\R_(>J _____________________________________ __ 
GHV 6?.15 -53.33 - GODHAVN, GREENLAND. 
(;IJM 13.29 l44.4R GIIAM, ~ARIANAS lAGANA NASI 
HLZ - ----·- ·---- .. -37.47 175ol7 ---- HA'1ILTON, NEW ZEALAND . 
HAN 21.02 105.51 HANOI, N VIETNAM 
HAV 23.08 ---- --!12.7.7. -. HAVANA, CUf\A 
HF.L 60.10 24.58 HELSINKI, FINLAND 
ITO, ----19.43··-----.:_15'>.D5 ------· HilO, HAWAII, USA 
HRA -42.51 147.19 HOBART, TASMANIA 
HKG ----- -- - . ··- ----- Z2. 20 - -- 114.12 . HONG KONG, RR CRO·.m -COLONY 
HIR -9.27 159.5] HONIARA, GIJAnALCANAL, SOLOMON 
HNL ---- -----··· 21.20 -157.55 ------- HmJOL!lllJ, OAHU HAWAII, USA 
I AH 39. 59 -95. z7 HilliS TON I· I NT ERCONT IN ENTAL APT I T FXAS, liSA 
IBZ. .38.54 ____ 1o26 _____ 1RIZAt SPAIN -- -----· --- . -- ---------------------

INO 39.46 -8&.09 IIIIOIAN.\POLTS, IND., USA J,_ 
IYK 35.39 -117.49 INYOKERN, CAI.IF., USA V1 

IKT 52.16 104.2D IRKIITSK, IISS~ I 
ISP -------------~--- 40.44 _______ -73.13 TSLif't N.Y., USA 

TST 40.58 -A.49 ISTANil!IL, TURKEY (HAVA ALANII 
I ZM 38.25 27.09 IV-1IR, t~JRKEY. - ----------------------------------

RNO -2 6. 0 R 28. 14 JOHANNE SRIJRG, R S AFRICA I JAN SMIIT S I 
JIIN ----- ------ --·-··· o;s.20 - ···- _;;134.27.- --------- JiJ"'F.AU, ALASKA, USA . . . . . . 

KBL 3'to 30 69.10 KAOtll, AFGHANI STAN 
OGG ---- -------- 20.54··---------~.;.156.26 -----------···KAHIJIUT, "1AUI HAWAII, USA 

ERB -.19 32.2t; KAMPALA, IIGANOA IENTERREI . 
KOH-- --31~32 --65.30----KANDAHAR, AFGHANISTAN.·--------------------------------

KNII 26.2fl 80.20 KANI'l.JR, INOlA 
KHl --~-- ------ --- 24.52-· --------- 67.03 ------------·KARACHI, .W PAKISTAN 

KTM 17.42 85.20 KATMANDU, NEPAL 
KO! --------- -3.57 ------- 12?.35 --· KENDARit CHEBES, INDONESIA 
~RK 50.00 3&.15 KHARKOV, _USSR 
KRT --15.36 32.32· .KHAP.TO!i;.t;- StiOAN 
Kif ~~.1~ 155.38 ,KIETA, BOUGAINVILLE SOLOMON IS 

}1-T .. -- ----·---· _":jO.·Zfo - --- 30o31 --------- KIEV, l_ISSR-JUL II\;"! I ARPT, 

K1M -2B.43 24.46 KIMBERLEY, REP OF S AFRICA 
KIN 18.00 -"76.50- KINGSTON,· JA"1AICA-- .. -- ------
TPJ 1"8.00 -76.50 KINGSTON, JAMA!CA-TINSON PEN 
KOI -------- --·- --- ---·- 58.59 --------- -7..58 --------- KIRKWALL, ORKNEY I So SCC1TLANO : 

KRN 67.51 20.16 KfRUNA, SWEDEN 
KOA. ------------------------ -- 21.24 ----------157.44 ----···-------- KONAt KAILUA, HAWAII, USA-

OTZ 66.53 -162.39. KOTZEBUE, 'ALASKA, USA 
---K-Ri< -50.03- 19~58 KRAKOW~ P:'JLAND ---- -

KlJL 1.09 101~43 KUALA LUMP!~, MALAYSIA 
KWI ----------------------- 29.30 ·-·· 47.45 --------- KLJWA!Tt KU~IAIT . . 

KWA 9._~~-------- __ 167.20 __________ KHAJALEI Nt 11~~~HALL IS. 
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inc; ---- ------------ 6.37 ----------- 3-.16 ---- -----LAGOS-IKFJA ARPT, NIGERIA 

T.VL 38.54 -120.00 l.AKE' TMIOE, CAl IF., USA ISO. I ~KE HI-IDE ARPTI 
-LPB --16.30 --- -68~09 ---·· LA PA·z, R(ltlliiA 
LAP 2'•·10 -110.18 LAPAZ, ~EX(CO 

----Li>A 28.06-- 15.21; LAS PAUfAs, cA:ii.\R'v-ls 
LAS 36.11 -115,08 LA5 VEGAS, NEV., USA 
LID ----- ----------- M.Ol --·-· -30.17 --·------ LENINGRAD, USSR IKOLOM 1 AGf APT I 

LIH _ __ 21.59 -159,21 LIHUE, Kb.!IAI HAWA_II, USA 
LIM --------------------------------12.03--------------- ··-77.03 ---------LTM.\, PERU -- --

llS 3R.43 -9.0R LISRON 1 PORTUGAL 
---fj<f 46,03 --~4~31 LJli[.ILJANo\, Y!JGOSLAVI4-

LON ____________ ~----- 51.40 ---------------- _ .15 ___________ L!JN!H1N _ _ __ .___ _ _ _ __ _______ _ 
LGW 51.09 -.21 LONDON, ENGLANO-GATWICK ARPT 
lHR 51.21 -.28 LONDON, ENGLAND-HEATHROW ARPT YXll-------------------------- 42.59-----------------81.14 -----------LONDON, mn., CANADA - . 

LAX 33,56 -118.24 LOS ANGELES-INTERNATIONAL ARPT, CALIF., 11-"-S_,_A _______ _ 
i.Arl ~R~4B- 1.3.14 Ll!ANDo\, ANGOLI\ - ·--- -----------------------

LPQ _ 19,52 102.08 LUANG PRABANG, LAOS 
LBR ----------------------------33.35 - ---------10t.sf"-- ---- Ltlf\ROCK, HXAS, USA 

lUX _ __ 49,37 to.10 l.lJXF.MROl!RG, LUXEMBOURG li' INiliL I 
MAo\ ... -- ----- -----· - 11.00 78,15 ------ MADRAS, INOI A 

MAO 40.28 -3.34 MADRID, SPo\IN (BARAJAS) 
----IXM 9,56 7a,08 ____ MAOURAI.- INI>IA - ---------------------------------------

AGP 34.43 -4.25 MALAGA, SPAIN 
MOL ·--·---------------------·------- 22.00 ---------- 96.05 -- ---- MJINOALAY, BURMA. _ 

MNL 14.34 121.04 MANILA-INT. ARPT, PHILIPPINES 
- RAK ---- --------- ----·----- --- 31.49 ------ ---·- -R.OO ------- MARRAKECH, "'flROCCO 

"'ZT 23.13 -106,25 MAZATLAN, MEXICO 
MMM-- -77.50 i.66.25- ·Me MI.IRou, ANTARCTICA- ---------------------------------------

MEL ___ -----·- _ -37,49 __ 144.58 MEl.f\OURNE-TliLLAMIIRINE ARPT, VIC., AUSTRALIA J._ 
MOY 2A.l3 -177.26 MHl'•IAY .JSLANil, PACIFIC OCEAN a--. 
liN 45.27 9.16 MII.AN, ITALY-FORLANINI-liNATE 1 
MXP - --- ------- 45,38 ---------- 8.44 -----------MILAN, !TALY-MALPENSA- ARPT 
MRA -4,03 39,40 MOMOASA, KENYA 

---HLW-- 6,18 ~10~47 -MIJNROVIA~ LIRERIA ... 
MRJ 18.30 -77.55 . MONTEGO RAY, JAMAICA 
C SO -- -34.52 -- -------- -;_56. 02 ------- -·-- MONTEVIDEO-CARRASCO A EROPIJERT0 1 -URUGUAY 
MVO -34.53 -56.11 MONTF.VIIlE0 1 URUGUAY 
YlJL . ---- 4 __ 5,26 -7:i.45 -------- MONTREAL, QIJE,, CA"lA.DA 
Mow 55.45 37.42 Mosrow 

-----DME. 55.25 37.35 -MOSCOW,- iiSSR:._llOMOOEOOVO--ARPT ________________________ _ 

SVO 55,45 37.35 MOSCOW, US IMOSKVA-SHEREMETYEVO ARPTI USSR 
- VKO. ---------------- ----------·--- 55.17 -------------- 37.17 ----------- M!lSCOI{-VNtJK()Vll ARPT, USSR -- - --· -

MCT . 23.37 58.35 MliSCAT, OMAN IMASQATI 
NRO -------------------------------.-1.17 -----·-----36.49 ---------NAIRORJ, KENYA IENTERREI ··---------

N~N -17.48 177.25 NANDI, FfJI IS. 
NAP 40.51 14.17- NAPLES,.JTALY INAPOLif--
NAS 25,05 -77.21 NASSAU, BAHAMAS 
NAT -----·-----··--····--------·--5.47 ________ ~35.13 _________ NATALt BRAlTL 

MSY 29.58 -90,07 NEW ORLEANS, LA., USA 
JFK . -------------------------- 40,3R- ------- . -73o47 ---------- NEH YORK9 NY-KEJ'iNEOY INT ARPT-~ 

NCE 43.40 7.14 NICE, FRANCE (COTE 0 1 AZURI 
lCO -35.11--------,33.23- NICOSIA, CYPRUS - ------------------ -----------------

OME 64,30 -165.24 Nlli1E,- ALASKA, IJSA 
NLK ---------------------------- ----29.03 167.56 ----------- NORFIJLK, B. PACIFIC OCEAN 

MWIJ -22.16 166.27 NOLIMEA, NEW CAL-MAGENTA ARPT 
OVR -----------·-·------------ 55.02----------- 82.55 -------. NOVOSIBIRSK, USSP. --

37.47 -122.13. OAKLAN!l, CALIF~, USA-
46.28- 30~44 ·ao:ossA, i.JssR ·· · --··· ····· 

OAK --ODS------· 
OKA 26.22 127.45 OKINAHAr. RYUKYU IS. IKADENAI 
OKC 35,28 -97.32 ---------OKLAHOMA CITY, OKLA., \JSA 
OMA 41.16 -95.57. OMAHA,_ NEB!' lJSA 



OMS 55.00 73.22 OMSK, USSR 
OPO 41. 11 . -a. 36 . OI'ORTO, PORTUGAL 
nSA -----· 34.47 ...... 135.26 ....... OSAKA, JAPAN IKOKUSAI-KliKOI 
Fll'l 2'1. 55 10.45 OSLO, NO~\o/AY-FORNEBU ARPT 
OSL ---------·--··· 5'1.55. ----· 10.45 -·-·---·.OSLO, NOR','AY 

YOW 45.25 -75.42 OTTM!A, ONTARIO, CANJIOA 
PPG -14.16 ····-170.42 . ····· PAGO PAG:J, SAMOA 
TUM 30.10 -85.41 PANAMA CITY, PAN-TOCliMF.N ARPT 
PPT -17.32 ....... --~149.34 -····-·. PAPEETE, TAtHT!, FR POLYNESIA 
LRG 48.56 2.26 PARIS, FRANCF.-LE BOURGET ARPT 
ORY 48.45 ·2.24 PARJS, FRt.NCE-ORLY ARPT. -------------------------------

PAR 48.45 2.24 PARIS-ORLY ARPT, FRANCE 
VCL ·····- ..... ·-· .. 48.45 -·····--·--·-··· 2.10 --·····---- PAPIS-VILLMO!IBLAY AEROORflME, FRANCE' 

PFK 3K.47 . .. 116.23 . PEKING, PEIPING, CHINA (NANYANGCHANGI 
PER ------···-- ····--- -··-_31.57 ........ --- ll5.58 ···--·-·- PERTH, W AUSTRALIA . . 

PHL 39.53 -75.14 PHILAOELPHTAt PA., USA 
PHX. -j3.27. -lt2.;05 PHOENIX, ARIZ.; USA -
PSA 43.43 10.23 PISA, ITALY 
PON 6. 58 158.13 ----·-·-··. PONAPE, CI\ROLT~ES 

PN( 6.58 l5R.13 PONAPE', CARflLJNESt PAC. O~EAN 
P"P 111.3?. -12.20 POkT All PRJNC'.I:t HAITI 
PLZ ::-33.58 _____ 2'i.40_. ___ .PORT Ell Zll!lHH, REP. _S• .. AFRICA_ ________________________ -----------··-····--·--···--
POM -9.30 147.10 PORT MORESHYt PAPUA, N GUINEA 
POS 10.3'1 -61.31 PORT OF SPAIN, TRINIDAD 
POX - -······. -·- -· -····· 45.33 ·- ---------122.36 .. -·-·----- PORTLA"lD, ORE., liSA ... 

PRG 50.05 14.26 PRAGUE, CZECHOSLOVAKIA 
FNG ..... .. . ..... -- ....... 39.00 125.47 --·····-- PYONGYANG, N. KOPEA 

·yQ'\ 4f>.47 -71.23 QUEBEC, Q~IF. CANADA 
Rf111 34.02··---- -6.51 RARAT, MOROC:CO -·-------·--------------------------------,-·· 

RAR -4.13 152oll RABAtiL, "lEH !lRITAIN, N. GIITNEA *'-
RGN .... ... 16.47 96.10 --· ....... RANGOON, RliRMA ·-.~ 

RA. -31.14 -159.46 RAROTONGA, COOK JS. S PACIFIC 
RNO . 39.31 ....... -119.48 ....... RF.No; NEV., USA 
KEF 64.02 -22.36 RF.YKJAVI~, ICE. KEFLAVIK ARPT. 
RFK ------------ 64.02·----:,.22.36. RF.YKJAVJ'<r ICELAND ·····---···-·--- . ·--------------

GIG -22.50 -4~.15 RIO nF JANEIRO, BRAZIL (AEROPORTO DO GAIF.AOI 
RIO -22.55 -43.10 . RIO DE J!N.ER.JIJ, BRAZIL !SANTOS OilMONT ARPTI 
SOil -22,55 -43.10 RIO DE JI\NERIO, BRAZIL !SANTOS DUMONT ARPTI 
JEri 24.311 --··. 46,43. --·. --- RIYADH; SAI.Inl ARAf\IA, AR-RIYAO . . . 
CJ~ 41.411 12.36 RO~E-CIA~PJNO ARPT, ITALY 
ROM.. ----41.46·------12.13 ----ROME, IT.ALY . -- -···--·------···--· 

FCO ~1.46 12.13 ROME-lEONARnO OA VINCI OJ FlliMTCINO ARPT, ITALY 
SGN 10.49 106.40. ·-····-· .. SAIGO"l, S VIETNAM IT AN SON NHUTI . .. 
SPN 15.10 145.45 5AIPAN, ~ARIANA IS 
SAY ··-······. -17.50' -··· .... 31,03 ····-····· S~LJ Sl\URY, RHOOESIA 

SLC 40.46 -111.53 SIILT LAKE CTTY, liTAH, USA 
---szG· .47.48 . 13.02 SIILZf\URG, -~USTIUA ---· --· 

SKD 39.40 66.5B SAMARKANn, USSR 
SAIIJ .... ····-······-· ····- 32.43 ·-·-- ;;.ll7.o9···-----·-· SAN OIEGIJ, CALIF., USA 

SFO 37.37 -122.23 SAN FRt.NCJSCO, CALIF., USA 
SJIJ . ········---···-···· 18.28 -66.07 ·-----····- SI\N JUAN, PIIERTO RICO 
SAF 35.42 -106.57 SANTA FE, N.M., USA 

---SCI.·- -33.30 -70.40 SANTIAGO, CHILE ... -··--··-------· 
SAO 23.32 -46.37 SilO PAULO, f\RAZIL 
VCP ----·------- ------------ 23.00 ···-------·· 4 T. 08 .. ····- --- SAO PllliLIJ, f\RAZi L-VI RACOPOS .AEROPORTO .. 
OKO 43.30 . 141.21 SAPPORO~ JAPAN IOKAOAMA ARPTI 
SPK .. ··- --·· ·-··· 43.03 ··-·-·-··--· 141.21 --------··-· SAPPORO, JAPAN 

SFA 47.27 -122.18 SEATTLE~TACOMA INT. ARPT, WASHINGTON, USA 
--SEL 37.:32 126.56 SEOIIL," REP bf' KOREA--·---------------------

SVQ 37.23 5.59 SEVILLE, SPAIN 
SEZ ----------· ----- .. -4.35 ----------55.40 . ----··-SEYCHELLES rs., INDlAN OCEAN 

SHA 31.12 121.23 SHANGHAI, CHINA 
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SNN 52.30 -9.53 SHANNON, IRELAND ILIMFRtCKl 
SIN _ _ _____ 1.H _____________ 103.54 STNG>\PORE, SINGAPORE IPAY~-1 E~ARl 
SDF 42.40 23.11l SOFI At BIJLGART A (SOFIYAl 
SFJ 67.00 -50e59. SONDRE STRC!I~FJORO, GREENl·ANO 
YJT 4B. 33 -::..sa. 35---- STEPHENVILLE.; NFLn. CANADA .. 
STO 5~.37 17.55 STOrKHnlM, SWEDEN IARLANDAl 
BMA . - ---------------- - --- 59. 21 -- ------ 17. 55 ------ -- STOC KI-IIJLM, s ·~E OEN:.._BRO~MA ARPT 

STT 18.21 -64.59 ST. THOMAS (HARRY TRUMAN APTj VIRGiN TS. USA 
SYD·--------------------------33.52 --------151.13 ------------SYDNEY-KINGSFORD SMITH ARPT, NEl-l SOUTH \oiALES, AlJS• 

TNN 23.00 120.11 TAJNAN, REP OF CHJNf( (TAIHANI _ -----
--TPE 25.03 121.30 -TAIPEI, REP. OF CHINA.(TAIHANi·--------------------

TNR ------------------------ .::': 1 A • 55 ------------ __ 4 7. 31 -------------- TANAN.AR I VE, MALAGASY REP. (ANT ~NA NAR I VO I _ 
TRW 1.25 173.00 TARAWA, GILBERT IS., PACIFIC OCEAN 
TAS . 41.20 69.18 TASHKENT, IISSR ' 
THR -----------·------------------ 35.40 ------------ 51.26- ---------- TEHERAN, IRAN !TEHRANI 

TLV 32.07 34.45 TEL'AVIVr ISRAEL _ . 
--TJj 32.32 -111.0f T(JIIANA, MEXICO -----------·------------------.---

TAR 11.15 -60.40 TORAGO, TRINIOAO AND TORAGn· 
TYO ------ --------------- 35.33· - -- 139.46 -----TOKYO -i<O'<IISAI-KUKO ARPf, ;JAPAN 
TOM 16.46 3.01 TOI1R!JIJCT~ll, MALI , 
THI-1 . - - . -- . -· ·-·-- ---- -- ;.21. 1 7 -175. 08 TONGA, T!JNGAT A PU ( FUAAMOTU ARPT I NEW HEBRIDES 

~"'Y.YZ_ lt3• 41 ~_79" 3S TORONTO-::- tNT. ARPT, QUFu_ C~N!\P~------·-------------------------------------------------
TLS 43.36 1.7.6 TOULOUSE, FRANCE 
TRZ 17.43 83.19 TRJCHINOPOI.Y, INDIA !TiRIICHCHIRI 
TRR - ------------------------ 8.34 -----. 81.14 --------- TRINCOMALEE, CEYLON . . .... 

TIP ________ -·-·-··---·- 32 •. 513 ______ 13.12 _____ TRIPOLI, AR~B REP. OF_ LIBYA 
TRV 8.28 76. 57· TRJ VANDRl!:-1, TNDI A 

TKE 39.7.0 -120.11 TRUCKEE, 01 IFORNIA, lJSA ----------------------------------------------
TKK 7.23• 151.43 TRIJK, CAROLINES, PAC. OCEAN 
TlJS .. 32.1:3 ________ . -110.58 ____ TIJCSON, JIRIZ., USA --~ 
TUN 36.48 ·10.11 TUNIS, TUNJSJA 

00 
TRN 45.03 7.40 TURIN, ITALY (TJRINO) 1 
TWF ---- --- ------------- 42.34 ------------114.23----- TWIN FALLS, IDAHO, USA -

\ILN 47.55 106.53 ltl.t>.N flt.TC1R, MONGOLIA IULAI\NBAATI\PI 
VLC . 39.28 .22 VALENCIA, SPAIN IVALENCEI. --
YVR 49.11 -123.10 VANCOUVER-INTERNATIONAL ARPT, A.C., CANADA 
YYJ - --- - 4H.25 -------123.22---------- VICTORif;, B.C., CANADA 

VIE 4A.13 16·.zo VIENNA, A'l<:TRI A IWIEN,· VIENNE I 
VfE ------ ------ --- 17.58 --------- 102.36 -------VIENTIANE, LAOS 

WAK 19.17 166.37 ~AKE ATRPORT, WAKE ISl~ND, PACIFIC OCEAN 
WKE 19.17 ___ 166. 36 -WAKE I SLANO, PACIFIC OCEAN - -------------···. ----------------·---·---------------

1~AL '~7.28 -115.56 WALl ACE' IDAHO, USA 
- WLS -13.18 - -173.10 ---- - \~ALLIS ILES, S. PACIFIC OCEAN 

WAW 32.15 21.00 WARSAW, POLAND (WARSZAWAI 
WAR - - --- .·- - --- 52.15 21.00· ----- WARSZA'.-IA I~ARSAIO 

1.0 3B.57 -77.27 WASHIN~TON DC-DULLES. INTERNATIONAL AIRPORT, USA 
--DCA--- 42. 19 -83.25 it~ ASH I NGTON DC-NAT IONAl ARPf~---~i-SA --------· -- -·----------·-----------·------

WLG -41.18 174.46 WFlLIN~TON, N.Z. . 
- niG --------------------- 4Q.53 -------- -97.09------------ !HNNJPEG, MAN., CANADA 

IIMR -31.31 137.10 . \·rDOMER/1, S. AUSTRALIA 
YAP -- 9.34 13R. 09 ----- YAP, CAROLINE$, PAC. OCEAN 
YZF 62.27 -114.21 YELLOWKNIFE, N.H~T., CANADA 
ZAG- ---45.48 ____ 15. 58 ZAGREB,. YUGOSLAVIA .. ··:··--·----------------------------------------

ZAM 6.54 122.05 ZAMBOANGI\r PHILIPPINE IS 
ZNZ - ------ ---- 6.10 - ----- - 39.11 --- ---- ZANZIBAR, TANZANIA-- - .. 

ZRH 47.27 8.33 ZURICH-KLOTEN FLUGHAFEN, SWITZERLAND 



NEW YORK TO PARIS AT MACH lo2 

SC~EOULE BLOCK TIME ON ONE WAVCHRS)a 4 0 7 

RATE 0~ CLIMBCFEETIMIN)• 3333o333 CRUISIN~ ALTITUOECFEETl• - 4oooo· - - RATE OF DESCENT! FEET/MIN) • 3333o 333 

- CLIMB I "4G GROUN --SPEED CHILES/HOUR) iiS70 o oo··-: CRUISING· SPEED (\liLES/HOUR) ,.-792• 00 -----·DESCENDING GROUND SPEED (MlLES/H:>U~') •570 • 00---- ·· ---

ALTITUDE 

20000 
40000 
40000 
40000 
40000 
40000. 

DIShNCE 

57oOO 
79o20 
79.20 
79o20 
79.20 
79o20 

FLIGHT ALTITU~E AND 6iSTANCE PROFI~~ IN 1110 HOUR INCREMENTS. 

··--·-·· -· ··-·--·-···· ··--·--- - ---------------------· 
40000 40000 40000 40000 4nOOO 40000 40000 
40000 40000 40000 40000 4QQOO .... - 4000Q 400110 
40000 40000 40000 40000 4QOOO 40000 40000 
4oooo 4oooo 4oooo 4oooo 4nooo 4oooo 4oouo 

:~~~~ -----:~g~ci------ :~~~~ ·------:~~~~ ____ -_ ~~~~~ ------ 4_0_00~ ---~-0~-~~---------·-·-···-·----·---------·-·-·-·-------------

57,00 79,20 79o20 79o20 79,20 79,20 79,20 
79,20 79o20 79o20 79o20 7Qo20 79o20 79,20 
79,20- ·-·-·- 79~20 -· 79,2o · -----79.~0 -·-- · 79.20 --- ·-- 79o20 ·------ 79,20 
79o20 79!20 79t20 79t?O 79o20 79t2ij 79o20 
79,20 79,20 79,20 79o20 79.20 79t20 79,20 
79.20 79!20 79o20 79o20 s;.oo S~oOO 

TOTAL INPUT PROFILE _P.IST~N~E __ II ___ ~~33•_60 ____ ~!ATU!~~ "'iLES -·-- ---------------
FLIGHT PROFILE TIME • 4•70 HOURS IN T~E AIR 
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CdM"UTED GREAT C·I.RCLE LEG DISTANCE 11 3622,6 TH£ INITIAL. COURSE ANGL.E• •• 53,877 

L.EG START L.ATITUOE • 40e63 LEG START LO~GITUDE • •73!77 

LEG END LATITUDEi • 48.72 LEG EN~ LONGITUDE' : 2•38 

- LAT, . 

4o,87 
4i ,35 
41.92 
42,56 
43.19 

--43.80 
44.40 
44,98 
45,54 
46, 09 
46,62 

''47.12 
47,61 
48,68 
48.52 
48,95 
49.35 

--- 49,72 
50.01 
50,40 
50o70 
5o,98 
51•23 
51.45 
51,64 
51,80 
51.94 
52,65 
52oj2 
52.17 

' 52.19 
I 52, f8 
s2.14 
52.o7 
51,97 
51,84 
51.68 
51,50 
51.29 
51o04 
so.78 

- so • 4a 
50,16 
49,82 
49 45 
9' .. 

4 .11 
48,81 

LONGe 

•73,33 
•72,44 
·71.36 
·76,07 
•68,76 

.. •67,43 
•66,06 
•64,67 
•63,25 
.61,Bo 
oo60 0 33 
00 58,82 
•57.29 
oo55,73 
•54,14 
•52,52 
•50.88 
•49,21 
"'47.51 
•45,80 
•44,05 
•42,29 
"'40o51 
•38,70 
oo36,89 
•35,05 
•33,21 
•31,35 
•29,49 
•27 ,62 ' 
•25,75 
•23,88 
•22,01 
•26.15 
•18.29 
•16,45 
•14.61 
•12,79 
•10,98 
·9,19 
.. 7,42 
•5,68 
.3,95 
.. 2,25 

• 57 
'a • 5 

2,02 

COURSE 
A~GLE 

60e03 
6o.o5 
60o08 
60,10 
60tll 

GEOMAG, 
LATe 

Af!.IOS, 
DEPT HI 
GR/S~, 

eM, 

C~ARGEO PARTICLES AND GAMMA 
. OOSE_RiTEt tMREt-15/HRI . 

SOL.AR MIN, . SOL.iAR AVG, · 

NEUTRONS 
DOSE RATE IMREMS/HRI 

SO~AR MIN, SOL.AR AVG• 

TOTAL.t DOSE RATE• 
DOSE RATE IMREMS/~~1 

SOL.AR ~~~~ SOL.AR AVG, 

52,33 710•12 e092562 •088927 ,023644 e022716 ell62Q6 el\1642 
52,83 3o7.49 .t81132 ~165i7&-·-~-- ,053269 ,o48576 ,234401 ,213752 
53.4o 193.27 .366089 !321369 ,102022 .o895&o ,469111 .410928 
54,o6 193.27 e365971 ··--··· .321256 ·· · ---- ,102675 - ,o9o13o ,468646 ,411386 
54,69 193o~7 e165858 ;32i14B ,163305 ,090681 ,469163 o4ll829 
55.3o ... 193o27 ---.365748 ··-----··321044.. · ,103913 ------·,o91212·----- ,469661 ----·-----,412255·--

60.12 55,88 193e27 .365643 ~3209~3 ,104496 ,091722 ,470139 o4l?665 ' 
60,11 56,44 193.27 .~65669 •l2o963 ........... ,104723 •ll'H~?Q ,47o392 ,4i2982 

60o12 ___ _ 

6o,o9 56,97 193.27 ,365726 ,321o1i ,104854 ,a9ao~~ ,47os9o ,413044 
60,05 57,48 193,~7. ,l651Bl ,321056 ,104977 0 092141 ,470758 ,4\3197 
60.01 57,95 193.27 ,365832 •321099 ,1o5o94 ,o92243 ,470926 .413342 
59,95 ---· 58,39 - 193.?7 --.. ,36588o ·· •321139 ----- ,1os2o2 ------,o92338 -----·---- ,471092 -----,413477 ---· 
59,87 58,81 193o27 e165924 ;321176 ,105303 e092426 ,471228 o413602 
59 0 78 59 0 18 l93o27 1 3659&5 o32i2lri .105396 ,09250j ,4713~1 ,4i371~ 
59,67 59,53 193o?7 o366002 ;321241 .105480 o09258o ,471493 .413821 
59,53 59,83 l93o27 ,366035 · ·····-···· t321269 ,105556 o092b46 ,471591 ,413915 
59,37 60ol1 193o27 ,366065 ~321293 ,105622 o092704 ,47l697 o413997 
59.19 --- 60,34 --- 193.27·---- .366090' .. ~321314' --,105679 ----·--.092754 .... ----- ,4717!!9 ----.414068---
58.97 60o53 193o27 e366111 t321332 ,105727 o09279S o47l837 o4l4l27 ~ 
58,73 60,69 193.27 ,366127 !321345 ,105764 .092828 ,4718~2 ,414174 0 

58o44 6Qo80 193o27 e3661•0 o321356 o105792 o092852 ,47i932 o4142~8 I 

58,12 60 0 87 193o27 e366lt+7 ..... · o321362 ,105810 ,092868 · ,47i9S8 o414230 
57e76 6oo9~ 193o27 o366151 •321365 •10~818 •092875 ,47i9&9 o4l4240 

---57.35 ---- 60o89 ···193,27 --,36615o·----·321364 _____ ,105816 --------- ,o92873 -----------·,4119&5 -------- ,414237 
56.89 60,84 193.~7 ,366144 ,321360 ,105803 ,092862 ,47i947 ,414222 
56,38 6o.75 193.27 ,366134 .. ~- - o321351 ,105781 ,092842 ,471915 ,414194 
55,80 6o.62 193.27 ,366120 t32134o ,105748 o092814 ,471868 o4l4153 
55,15 66,45 193.27 ,3661112 · ---- ,321324 ,1057o6 ,o92777 ,4718n7 ,414101 
54•42 60o24 193•27 e366079 •321305 •105654 ,09z732 ,471733 e414037 
53,61 ·-·· 59,98 193.27 ·,366052·----.321282 --------,105593 --... ---. ,o92b78 - -----,471644 --·------ .... ,413~61--
52.69 59,70 193o27 ,366021 o321256 ,105522 o092b17 ,471543 ~413S73 
51,66 59.37 193,27 .365986 .321227 ,105442 .o92547 ,471428 ,413774 
50o51 59o01 193.27 ,3~5947 !32li95 ,105354· ,092470 ,471301 ,413665 
49,21 58,62 193o27 ,3659o4 ........... e321159 ----- · ,105258 ,o92386 ,471162 ,413545 
47,74 58o19 l93o27 ,365858 ~32112i .105153 ,092295 ,4jlOi1 ,4134i6 
46,o7-- 57,73 · 193.27 --·,J658o9·-----.32to79 ------,105041 -------- .o92197 -------- ,47oaso ------ -,413276 
44,17 57,25 193,27 ,365756 e321o35 ,104921 ,o92o9z ,470677 o413i28 

.42,oo 56,73 193,27 ,3657oo e32o9B9 ,104794 ,o91982 ,4704~4 .412~70 
39,51 56,}8 193o27 ,365642 e32o940 ,104661 ,o91865 ,470302 o412905 
36o63 S5o61 193o27 e365691 ·· - e3209B9 ,104230 e091489 ,469921 o412H8 
33.29 55.62 193.27 t365798 e321o9f .103635 ,o9o969 ,469433 o412060 
29•40 --- 54e40 193•27-- t3659t0---~~•32il98 "'103016------··· .090428--------- ,468926--------- •411626 
24,87 53,76 193,27 ,366025 ,321308 ,102376 ,o89868 ,46B4o1 ,411176 
19,57 S3,o9 193,27 ,166144 --·- ~321422 . ,1o1114 .oa929o ,467858 ,41~711 
13,41 52,41 193,27 ,362042 ~318026 ,1nll86 .oa88S5 463228 ,4o6911 
7.37 s1,81 3o7,~9 ,i81131 ,165i7~ ,o52793 ,o48143 :2339~5 ,2(33i8 
1 1 80 51,29 710el2 ,092525 !088891 ,023428 ,022508 ,115953 ,111399 _______ .. __________ _ 
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roTAL F~iGHT OdSE FOR SOLAR MINIMUM CONDITIONS • 

'OTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS • 

C~ARGED PliRTe 
GliMMA RiY 

1.62793 

i .431&8 

.... NEUTRONS 

e46587 

e40967 

WGe OOSE I FLIGHT PROFILE HOUR (50\.AR Ml~.~----~~-----.!34637 _____ .o99l2 

~VG, DOSE I FLIGHT PROFILE HOUR CSOI.AR AVG•,) _____ • ________ ~30461_______ ._o87l6 

AVG• OOSE. I Bl.OCK TIME HOU~ (S6~AR MINIMUM~ • e3~888 e09ii2 
... :.. ... --- -------------··--.. ""' ___ .. __________ _ 

AVG, DOSE (_~L-~C:-~_.T_IME __ ~-~~R-~-~~~~_R ___ A~-~R.-~GE~ • :28923 e08276 

.EG B~OCK TIME • PRO"'LE! TIME • 0•25 HOURS 

TOTAL 

----·----- ·--- --------------
2e09381 MII..LIREMS PER FLIGHT PQOFI~E 

le84135 MILLIREMS PER FLIGHT PRO,~LE 

.44549 MILLIRADS PER ~OUR 
....... . -. ----- -------· ·---------

.39178 MILLIREMS PER HOUR 

•42299 MII.LIREMS I (BLOCK TIME~ HOUR 

•37199 MI~LIREMS I (BLOCK TIME~ HOURt 
----------~----------·-------------~--

··-···--··-----·----- ----'-----------------------------------------

----------------------------
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LOS ANGELES TO PARIS SUBSONI~· FLIGHT (Oo75 MACHI 

SCHEDULE BL.OCK TIME ON ONE WAY(HRSI• 11o6 

CRUISIN~ ALTITUOEIFEETI• 36000 RATE Of DESCENTIFEET/MI~1• 2000o000 RATE OF• CLIMB(FEETIMINI• 2000•000 

--Cl.IMBI~G GROUN ···sPEEDIMIL.ES/HOUR1•413oOO CRUISIN3 SPEEoi~IL.ESIHOURl• 495•80 DESCENDING GROUND SFJEED IMILES/H:!Uq) •4il•Oo--------

AL. TITUOE 
--~----·-·· 

12000 24000 36000 
3&000 3&000 36000 
3&000 3&000 36001) 
36000 36000 36000 
36000 36000 36000 
36000 ----· 36000 ·--·- 36000 
36000 36000 36000 
36000 36000 36000 
36000 36000 36000 
36000 36000 36000 
36000 36000 36000 
36000 

....... 3h000 ----- 36000 
36000 36000 36000 
3&000 36000 36000 
24000 12000 0 

DISTANCE 

4lo30 41.30 41,30 
49o58 49,58 49,58 
49o58 49,58 49o58 
49,58 49,58 49o58 

49 .• 58 49.58 

FLIGHT. AL.TiTUOE AND oiSTANC~i PROFi~E' IN 1110 HOUR INCREMENTS. 

3&ooo 36ooo 3~ooo 3&ooo 
36ooo · 3&ooo 3~ooo 36ooo 
3&ooo 36ooo 3~ooo 3&ooo 
3bOOO 3&000 3~000 36000 
36000 36000 3~000 36000 

• 36000 ----- 36000 --·-- 3~Q QO --- 36000 
36000 36000 36000 3&000 
36ooo 36ooo 36ooo 36ooo 
36000 36000 3~QOO 36009 
36000 36000 3~000 36000 
36000 36000 3~QQO 3600Q 

-·· -36000 ---··- 36000 ------ 3~000 ------ 3600Q 
36000 36000 3~000 36000 
36000 36000 3~000 36000 •· 

49,58 49.58 49.58 49,58 
49,58 49,c;8 4'l,58 49o58 
49o58 49o58 4q,58 49o58 
49,58 49,58 49.58 49,58 
49o58 49o58 4'lo58 49o5A 

36000 
36000 
36000 
36000 
36000 

----- 360 0 0 ----·---------·-·-·-· 
36000 
36000 
36000 
36000 
36000 

. 36000 ----------·----
36000 
36000 

49,58 
49,58 
49.58 
49,58 
49.58 

-----·-------------··-- -------------···--
I 
Ul 
N 

49o58 
49o58 49o5B .... ·· 49•58 ·---- 49o58 --- 49o58 ···'- 4~o58 ---- 49o58 ---· 49oc:;8 ----------·----·-----·-··········-··-··-· 

49o58 49,58 49o58 49o58 49,58 4Qo58 49o58 49.58 
49o58 49,58 49.58 49o58 49o58 49.58 49o58 49,58 
49oS8 49,58 49.58 49o58 49,58 49.58 49o58 49,58 
49o58 49,58 49,58 49,58 ~9.58 49.58 49o58 49,58 
49.58 49,58 49o58 49,58 49,58 49,58 49.58 49,58 
49o58 49.58 49;58 --- ·49o58 ·· --- · 49oS8 ----- 49,58 -·---·-- 49o58 ·-----· 49,58 -------------------

49o58 49.58 49o58 49o58 49o58 49,58 49o58 49,58 
49o58 49,58 49~58 49o58 49o58 49o58 · 49o58 49,58 

41o30 41.30 41,30 

TOTAL INPUT PROFILE DISTANCE • 5b52e02 ST~TUTE totii"'ES 
• ••• •• ••••••O.••• ••••••v-'•·-·---·••'•• ----------- .... -- .. ____ ,_ .. ------ ----------·-·-----··---- ------- ----· ------------·- ------------ ----

FLIGHT PROFILE TIME· .. 11•50 HOURS IN THE AIR 
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' 

COMPUTED GREAT CIRcLE LEG DISTANCE = 5648.9 T~E INITIAL COURSE ANG~E = 35.038 

LEG START LATIT~DE a 34.~t ~EG START LO~GITUDE ~ •118•15 

LEG'END LATiTUD~ a 48;71! 'LEG END ~ONGITUDE •· 2o38 

~AT, 

34o 24 
34,73 
35.22 
35.75 
36,33 
36.91 
37,49 
38, 06 
38.63 
39.;-0 
39,71 
4Q,33 
40oS9 
41,1t4 
42,00 
42,55 
43,o9 
43. &4 
44.17 
44,71 
45,24 
45,77 
46,29 
46.91 
47,32 
47.83 
49,34 
48,93 
49,33 
49,82 
5o,3o 
so. 77 
51•24 
51.71 
52.16 
52,&1 
53o05 
53,49 
53.92 
54,33 
54.75 
55,15 
55,54 
55,92 
56.30 
56,&6 
57.o2 
57,36 
57,69 
58oo1 
5Bo32 

LONGo COURSE 
ANGLE 

GEOMAGo 
LAT. 

ATMDS, 
DEPT~ 
GR(SQ, 

eM. 

C~ARGED PARTIC~ES AND GAMMA 
DOSE RaTE (MREMS/HR) 

SO~AR MiN, SOLAR AV~~ 

NEUTRONS 
DOSE RATE (MREMSIHR) 

SOLAR MINo SOLAR AVGo 

TOTAL! DOSE RATE 
DOSE RATE (MREMS/~~1 

SOLAR ~I~o SOLAR AVGo 

•117,94 39,2o 41.26 827.~3 .n56611 •055474 ,011776 .o11539 ,068397 ,o67014 
-1i7,52 39,31 41,81 516.42 .11211o •106939 ,o3oo42 .o285o4 ,142752 .t35443 
•117.1o 39.42 42.35 3o7.49 o152000 ·140911 ,042821 .o39697 .194821 .180608 
-116,63 39,55 4::!,95 233•31 •<'29444 ------·- •210o69 ........... ,o652o2 .o59696 .294646 •269765 
·116,10 39,69 43,61 233.31 ,232827 o212709 ,o66411 ,060673 ,299239 .273382 
-u5,57 ----- 39,93 -- 44.26-· 233.31 ----. 2362o3·------.21533o ------ ,u67618 ------· .o61642 ------ ,3o3821 ,276972· 
·115,03 39,98 44,91 233o31 .~39571 •217931 ,068821 ,062605 ,3og3~2 ,280536 
•114,49 40o13 45,56 233·~1 o242930 ~220512 ,010022 o06356o ,3}2952 o2B4073 
•113,93 40o29 46o2l 233o31 o?.46281 o223014 ,,071220 o06450,~ ,317500 ,287582 
•113.37 40o45 46,85 233•31 ,,49622 •225616 ,U72414 ,06~450 ,322036 •291065 
•112,79 40,61 47,5o 233.31 .~sz9S4 •228137 ,o73605 ,o66383 ,326558 ,294520 
•112,21 -- 40.77 ----- 48,14 ... - 233o31 ----, ;>56275 ·------,230638 ·----·, 014792 ----- ,o6731o ·------- ,3310&7 ----- ,297948 
•111,62 40o94 48.78 233o31 o2595B6 •233118 o075975 o068228 ,3355&1 o301347 
-111.01 41.11 49,42 233·~1 ,262886 ~235577 -~- .n771S5 ,069140 ,340041 ,304717 
•110,40 41,29 5o,oS 233.31 ,;>66172 o23804R ,078270 ,070000 ,344443 ,308048 
•lo9,78 41,47 5o,69 233.31 ,;>69420 ·~~- o240867 ,U78720 ,070377 ,348140 ,311243 
•1o9,14 41.65 51.32 233.31 .::>72656 .2~3672 ,079167 .o7o751 ,351823 .314423 
•1 o8,49 .41.83 ....... 51,94 233, 31 ______ ; 275879------ •246~64·----· ,079612 ----,071124 --------- ,3554~0 ------ · ,317588 · 
-1o7,84 42.02 52,57 233.31 ,::>79086 •249242 ,ueoo56 ,o71495 ,3591~2 .320736 
•107.17 42,20 53,19 233o31 ,2B1479 o25131i' ... -- ,080509 ,071882 ,36i9S8 ,3?.3199 ~ 
·106,48 42.40 53,81 233.31 .~82067 ·251842 ,080986 ,072308 ,363053 ,324150 w 
•1o5,79 42.59 54,43 233.31 ,;:>82652 •252365 ,081461 .072732' ,364113 ,325097 1 

•lo5;o8 42.79 55,o4 233.31 ,283234 •252884 ,Q81933 ,073154 ,365167 ,326038 
•1 0 4,·35 42• 98 55,65 233• 31 . • ::>R381 3 -------,25340 i. ---. • 08240 3----- , 0 73573· ------ · , 366215· ------- o 3;:>6974 
•103,62 43o18 56,25 233.31 ,?84146 o253693 ,082718 ,073853 ,3668&5 .327546 
·102,87 43,38 56.86 233.31 .28411<6 -·· •253679 ,082826 ,o7394s ,366972 .3276?.3 
-1o2,1o 43,59 57,45 233.31 ,?.84146 .253665 ,o82932 ,o74o35 ,367078 ,3277oo 
•101,32 43,79 58,o5 233,31 ,2841~6 o25365i ,UB3037 ,074126 ,367194 ,327776 
-100,52 44,00 58,63 233,31 ,::>8~146 ,253637 ,083142 ,074215 ,367298 ,327852 
•99, 71 44,20 59,;:>2 233,31 ,;:>84146 ------ e253623 ----- o083246 -------· ·,o74304 - · ------- ,367392 ···---- ,327927 
.98,88 44,41 59,8o 233,31 ,;:>84146 o2536fo ' ,083349 ,074392 ,3674~5 ,328002 
-~8.o4 44,62 6o.37 233·31 ,;:>84146 ;253596 ,083451 ,o74479 ,367597 ,328o75 
•97,17 44,83 6o,94 233•31 o?.84146 •253583 •083552 o074565 ,367698 ,328148 
.96,29 45•03 61o5o 233•31 ,;:>84146 ----- •25357o · ···--· · · ,083652 .o7465o ,367799 .328220 
•95.39 45.24 62.os 233•31 ,:;>8~146 •253557 ,o837so .o74734 ,3678~6 .328292 
·94,47 ----45,45 ----62,60 233.31·---- ,?.8~146 _____ ~253544---------,0~3848 -----.o74818· --------- ,3679~4 -------,329362 
•93,54 45o65 63o14 233•31 o28~146 o253532 ,083944 o074900 ,368090 o328431 
•92,58 45,85 63,67 233o31 ,284146 ~253519 ,084038 ,074980 ,36q195 o32R500 
·91,61 46o06 64,19 233•31 .;>84146 i253507 ~o84132 .o75060 ,368278 .329567 
•90,61 46,25 64,71 233.31 ,2841~6 o253~95 ,084223 ,075138 ,368369 0 328633 
•89,60 46o45 65•21 233•31 o28~146 o253484 ,U84276 o075182 ,369422 o328666 
•88,56 ·-: 46,64 ......... 65,70 -- 233•31 ·--- o284146 --------~253476 ------ ,o84276 -------- .075179 ------- ,36!!422 ------- · ,328655 
•97,50 46,83 66,19 233o31 1 2841~6 ;253467 ,084276 ,075177 0368422 ,328644 
•86,42 47.02 66,66 233•?1 ,;:>84146 o253459 ,oB4276 ,o75174 ,368422 o328633 
•85,32 47o20 67o12 233•31 o284146 o253450 ,084276 o075l72 ,369422 o328622 
•84,20 47,37 67,57 233,j1 ,;:>84146 o253~43 ,084276 .~75169 ,369422 ,328612 
•83,o6 47,54 68,01 233•31 ,2841~6 •253435 ,o84276 .o75167 ,368422 ,32B&o2 

· - •9t,9il ...... 47, 7o ------ 68,43 233.3-1 ...... 284146 · --- --,253427·------ • 084276·------ --.o75165 ------- · ,369422 ------- -,328592 
•80_,71 47,85 68,83 233·~1 ,;:>84146 .2-53420 ,084276 ,o75163 ,368422 ,328583 
•79,5o 48•00 69,22 233o31 o284l46 -- -- o253U3· ,o84276 ,o75161 ,369422 o329S74 
•78,28 48o14 69,59 233o 31 o 28'H4'6 !253407 o Q84276 o 075159 ,368422 o 328565 
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58,62 •77,03 48,27 69,94 233,31 .~8~1~6 o253400 ,084276 ,075157 ,363422 ,328557 
58,90 -75,76 48.39 7o.28 233.31 ,28414& ;253394 ,o84276 .o7515S ,368422 .323549 
s9.18 •74.46 48.50 7o.s9 233•~1 .~8~146 •253389 ,084276 .o7515J .368422 •323542 
59,•4 •73,15 48,60 7o.89 233.31 .~8~146 •253384 ,084276 ,o75152 ,368422 ,328535 
59,68 •7!,82 --· 48,68 71o16 233•31 -- e::>8H46 ------- •253379·------- •084276 ----- oo7515o --------,36!1422 -------•328529 
59,91 •70,47 48.76 71.41 233.31 ,::>841~6 !253374 ,084276 .075149 ,368422 ,328523 
60.13 •69,10 48,82 71e63 233e31 o284146 •253370 ,084276 .o75148 ,368422 o32B518 
60o34 -~7,71 48,86 7),83 233•31 o284146 •253367 ,084276 .o75147 ,368422 o328514 
60,53 •66,31 48,90 72.01 233el1 ,;>8H46 · · •253364- ,084276 ---- ,o75146 ,368422 .328510 
60.70 •64,89 48,91 72e16 233o31 e28~146 o25336i ,084276 o075145 ,368422 e32B506 
·6o.a6 - · -63,46 _______ 48 ,91 ____ 72.29 ---- 233·31. .::>84146 ----- · .253359------,084276 ----- .o75144 ------ ·· ,36!1422 ------ .32B5o3 -----
61,oo -62,o1 48,9o 72,37 233.~1 ,::>84146 .253357 ,094276 ,o75144 ,368422 ,326501 
61.13 -6o,55 49.86 72,44 233.31 .~9~146 ·253356 ,084276 ,o75144 ,3&3422 ,328500 
61,24 -59,08 49,81 72,47 233e31 ,284146 e253355 ,084276 ,075143 ,369422 ,328499 
6le34 •57,59 48e74 72.48 233•31 e284l~6 •253355 ,084276 .o75143 ,368~22 e328~99 
61.~2 -56,1o 48.65 72,46 233·3~ .28'+146 ·253356 ,084276 ,o75143 ,36R422 ,328499 
61.48 ··: •54,61 --- 48.54 --- 72e42. 233• 31 -- e?8H46 ~253356 ---- eti8.4276 ----- ,o75144 -------,368422 ----,328500-
61e53 •53.11 48o41 72o34 233•31 o?84146 !253358 ,084276 o075l44 ,3~84tl .~--~QJ 
61e56 •51,60 48o26 72,24 233•31 o?8H46 •253360 - --- ,08'+276 0 07b146 ,3r,B422 ,328504 
61e58 •5o.o9 48e09 72e11 233.31 e2841~6 •253362 ,084276 .075145 .3~9422 .329507 
61e57 •48e58 47o90 71e95 233•~1 o?84I46 •253365 ,094276 e075146 .368422 e32B5\1 
61,55 •47,08 47,68 71,76 233e31 ,;>84i46 e253368 ,084276 ,075147 ,368422 ,328515 
61,52 •45,57 ---- 41,44 --- 71 0 56 233•31·---- .?84146 ------ •253372 --·--,084276 -------,075148 -------- ,368422 --------- .329520· 
61.47 •44.o7 47.18 11.32 233.~1 .2841~6 •253376 ,084276 ,o75149 ,363422 .329525 
61,40 •42,58 46e89 71e07 233e31 o284146 o253JBO ,084276 .075151 ,368422 .328531 
61.31 •41,09 46e59 70e79 233•31 •2841~6 o253J85 ,084276 ,075152 ,368422 e32B53B 
61,21 •39,61 46,25 7o,48 233,31 ,?.84146 e25J39i ,084276 ,075154 ,368422 ,326545 
61,10 •36,14 45,89 70.16 233e31 0 ?84146 o253396 ,UH4276 ,075156 ,369422 ,328552 
60,96 ... -- •36,68 ---- 45e51 - 69,82 233• ~1 --- ~;:>B4h6 - e253403- -----,o84276 ------- .o75157 · ------- ,369422 · ------- t328560 
60,81 •35,24 45,10 69,46 ~33•31 ,284146 o253409 ,084276 ,o75159 ,368422 0 326568 1 

60,65 •33,81 44,67 69,o8 233.31 ,?.84146 •253416 ,084276 .o75161 ,368422 .328577 ~ 
6o.47 •32.4n 44.21 68,69 233•31 .::>84146 •253423 ,084276 .o75163 ,368422 .328566 1 

60.28 •3i,oo 43,72 68,28 233.31 ,284146 --------- •253430 ,u84276 ,o75165 ,368422 ,326595· 
60,07 •29,61 43,21 67,85 233,31 ,284146 ,253437 ,084276 ,075168 ,369422 ,328605 
59,85 ·-- ·28,25 ---- 42.67 ----67.41 ·- 233.31 ---.284146---- •25J44s------ ,084276 ------- .o7517o -------- ,368422 -------· ,3296t5· 
59.61 •26,91 42e10 66,96 233.~1 .284146 •253453 ,o8'+276 .o75172 ,3~8422 .328&26 
59.36 •25e58 41e50 66•50 233.31 .?84146 ----------- •253462. ,084276 .o7s17s ,369422 ,329&36 
59,10 •24,27 40,87 66,02 23Je31 ,;:>84146 e253470 ,084276 ,075177 ,369422 ,328647 
58,82 •22,99 40e21 65,53 233,31 ,284146 -- ------ e253479 ,084276 ,o75180 ,36'!422 ,329559 
58,~3 •21•72 39e52 65.63 233•~1 o;:>841~6 •253488 ,084276 ,075183 .368422 •328670 
58,23 ;.20,48 ----- 38,79 ---- 64,53 --- 233, 31 ____ • 284146 -----.253499-------,084191 ---- ,075111----------- ,368337 ----------- -,328510 
57,92 •19,26 38.o3 6'+.o1 2JJ.31 .284146 •253511 ,084o99 ,o75032 ,366245 ,329543 
s7.~9 •i8.o6 37.23. 63.48 233·~1 .?84146 --------- •253524 .o8'+oo5 .o74952 ,366151 .328476 
57.26 •16,88 36.39 62.95 233.31 .284146 •253536 ,083910 .074B71 ,366056 ,329407 
56,91 •15,72 35,51 62,40 233.31 ,?84146 o253549 ,083814 .074788 ,J6t9~0 ,326337 
56,56 •14,58 J4e58 61,86 233e31 ,;>84146 o253562 ,083716 ,074705 ,367862 e32B267 
56.i9 ·13.47 33.6o ----61.30- 233•31 -,284146 -----·25J575---,o8J617-------.o7462o -------- ,367763 ----------- .326195 
55.81 •12.Ja 32.56 6o,74 233.31 .2a4146 •253588 ,OQJ516 .o74535 ,367663 ,328123 
55,42 •11,30 31.47 6o.17 233.!1 ,284146 - o25360i ,083415 ,074448 ,367561 ,329049 
55.o3 •1o.25 Jo.Jl 59,59 233.31 ,;:.84146 - o25J615 ,083313 ,o74361 ,:M7459 ,327975 
54,62 •9,22 29e08 59e01 233•31 e2841~6 •253628 ,083210 ,o74273 ,367356 o3279o1 
54,21 -8,2i 21,11 58,43 233.31 ,::>84146 •253642 ,u831os ,o74184 ,367252 ,327825 
sJ. 79 ·' .22 &!6, J7 ----- s7 .84 233.31 --- • ::>84146 ------ •253656· ------. u83ooo ------- • o74094 --------- • 367146 - ------- • 32775o 
53,36 .6,26 24,86 57,24 233,~1 ,?.84146 ,253669 ,082695 ,074003 ,367041 ,327673 
52e92 •5

0
31 23e24 56,64 23:3•31 e::>84146 --------- •253683 --c------- ,OHZ788 ,073912 ,366934 o327596 

52,48 •4,37 21,50 56,64 233,31 ,2841~6 o25J698 ,082681 ,073821 ,3668?7 ,327518 
52,o3 -3,46 19,60 55,43 233.31 ,2836o9 •253219 ,082238 ,o73425 ,365847 ,326645 
51 0 57 •2,57 17,53 54,82 233.31 ,283030 •252702 ,061767 ,073005 ,3647~7 ,325707 
51.10 ---- ... 1,69------ 1So27 ---- 54,21 · 233•31 ---.;:>82447· •252181-----,U81294 ----- .o72583 ------·- ,363740'------- e324764-
S0e63 •,83 12e77 53o59 233.31 o281860 ~25165~ ,080818 .072158 ,362679 ,323316 
50e16 .01 10o02 52,97 233o31 .?.81156 ------·---,251033- ···· ,080342 · .o71734 ,36i498 ,322767 
49,71 ,76 7o23 S2o40 307o49 ol81132 •165176 ,U53070 ,04839s ,234202 o213S71 

.. 
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ClofARGED PARTe 
GAMI4A RAY 

NEUTRONS TOTAL 

TOTA~ FLIGHT DOSE FOR SOLAR MINIMUM CONDITIONS • 

TOTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS • 

3:il855 

2.78923 

,91522 

.81844 

4e033'77 

3•60767 

MILLIREMS PER FLIGHT PRO~tLE 

MILLIREMS PER FLIGHT PROF~~E 

AVGe OOSE I FLIGHT PROFILE HOUR (SOLAR MI~~~ 

AVGe OOSE I FLIGHT PROFILE HOUR (SO~AR AVG~I 

AVGe OOSE I B~OCK TIME HOUR (SOLAR MINIMU~1 

AVGe DOSE I BLOCK TIME HOUR CSO~AR AVERAGE~ 

~EG B~OCK TIME • PROFI~E TIME + Oe2S HOURS: 

--···--·----~-------- .. -·----- ·-----· 

' 

•· .27118 .o79SB •35076 MILLIRAOS PER HO~R 

• .. 
• 

.2~254 .o71i7 

·265~1 .o7789 

•31371 

·34330 

-·---- .... ·-·--·-- ·----·------
MIL~IREMS PER HOUR 

MIL~IREMS I CB~OCK TIME~ HOUQ 

1 23738 e0696S •30704 MI~~IREMS I CB~OCK TIME~ HOURt ____ .::..; ·---------- ···------·---······ -· .... ----·-···-· •.. •·· -- .... ··-···-····-····· ·----·-----··--. -·-· 

---- -----·-··· --------------·-

- -·-------------------------------------------------~ ------------

----------------------- --·-···- . 

I 
·U'l 

"' I 



LONDON to LOS A~GELES AT MACH 1,2 

SC~EDULE BLOCK TIME ON ON£ WAYIHRSI• 7,3 

RAtE oF cLIMBcFEETIMINI• 3333,333 CRUISING· ALTITUDE CFEETI• 40000 RATE oF DESCENTCFEET/MINI• 3333,333 

-CLIMB I "'G GROiJN- SPEEf?-(MlLES/HOUR)iiS70~ oo--·cRUISING SPEED CIIIILES/HOUR I• 792,00 -------DESCENDING GROUND SPEED CMILES/H:>UIN •570 • 00 ------· 

FLIGHT ALTITUI)E AND DISTA"lC~ PROFILE IN 1110 HOUR INCREMENTS, 

ALTITUDE 

20000 
40000 
40000 
40000 
40000 
4.0000 
40000 
40000 
40000 

________________ .. ________________________ _ 
4oooo· 4oono 4oooo 4ooo~ 4~ij6o 4~oo~ 4oooo 
4~ooo 400oo 4oooo 4oooo 456ijo 4oooij 4oo5o 
40000 40000 40000 40000 40000 40000 40000 
40000 40000 40000 4oooo 4QQOO 40QOQ 400QO 
40000 40000 40000 40000 4QOOO 40009 400o0 

--- 4oooo --- 4oooo ------ 4oooo ---- 4oooo ----· 40QOO ·-- 4oooo ·-- 4oooo -----· 
40000 40000 . 40000 40000 40000 40000 40000 
4oooo 400oo 40ooo ·- 4oooo 4666o · · 4oo6ij· ·· 4oooo 
4oooo 400oo 4oooo 2oooo • o 

DISTANCE 

sr.oo 57o00 79o20 79oCO 79o?O 79.20 79o20 79,20 I 

7~.20 79,20 79~20 79.20 79.?0 7Q,20 79o20 79,20 l1l 

79o20 79,20 79o20 79o20 79o?.O 79.20 79o20 79,20 -J 

79o20 79o20 79~20 79o20 79o~O 79o20 79o2Q 79.20 
79o20 79,20 79,20 79o20 79o20 79o20 79o20 79,20 
79o20 79.20 79~21) ·-· -- 79o20. -· 79o~O. ··-·. 79o20 ----79o20 -------79,20 -----------·--------------.. 

79o20 79.20 79•20 79.20 79o20 79o20 79o2Q 79,20 
79,20 79,20 79,20 79o20 79.20 79.20 ---79,20 ·· 79,zo 
79o20 79,20 79.26 79o20 S7oOO 57o00 

TOTAL INPUT PROFILE DISTANCE a 5455•20 SHTUTE• ~o~if'ES 
~~ .. -~-- ----.. ·-····---·- ---------------------------------------------

FLIGHT pqoFILE TIME • 1•00 HOURS IN THE AIR 

·of""'"'-' 
\......,i 

F"' 
"'""''"'"~ 

<:.: 
.. --"'-
C.< 
-,c 

c 
( 

·" -.,_, 

C.> 

-~ 



~OMPUTED GREAT ClRCLE LEG DlSTANct. a 5450o5 j~~ lNITiiG CtiURSE ANGLE • 3i1.947 

LEG START LATITUDE • 

(EG E~~ LitiTUDE- a 

LAT, LONGo 

51o40 

34.00 

LEG START LO~GlTUOE • o15 

-L.EG EN:>, LONGITUDE • •H9ol5· 
~ 

NEUTRONS 
DOSE RATE (MREMSI~RI 

TOTAL DOSE RATE 
DOSE R'TE (MREMSI~~~ 

COURSE 
ANGLE 

GEOM4G 0 

LA To 
ATMOi;,. 
DEPT~ 
GRISt), 

C~ARGED PaPTlCLES AND GAMMA 
DOSE.RafE IM~E~S/HRI. 

SOLAR MINe . SOLAR AVGo· SOLAR MIN, SOLAR AVGo SOLAR ~~~. SOLAR AVGo 

5),67 
52.22 
52,86 
53,58 
54.29 
54.97 
55,64 
56.28 
56,9o 
57.~9 
58.o5 
58,59 
59,10 
59,57 
&0 ·02 
60,42 
60.80 
61~i3 
61.43 
61.&9 
61.90 
62,08 
62.21 
62.30 
62,35 
62,35 
62.31 
62.22 
62,o9 
61,92 
61.11 
6i.~5 
61.i6 
60.93 
60.46 
60,05 
59.&1 
59.14 
58.64 
58,10 
57.54 
56,95 
56,33 
55.69 
55,03 
54o35 
53,64 
52.92 
52o18 
51,42 
50o65 

-,35 
•1,35 
•2,59 
-4,08 
•5,61 
•1, 20 . 
-8,84 

·to,54 
•12.30 
•14.11 
•15,98 
•11,91 
•19,9o 
•21.95 
-2~.05 
•26,21 
•28,42 
·3o,68 
•32,9.9 
•35,33 
•37,72 
•40,13 
•42,57 
•45,0) 
-47,49 
•49,97 
•52,43 
•54,89 
•57.33 
-59,75 
•62,14 
-64,49 
·66,80 
•69,06 
•71. 28 
-73,44 ' 
•75.55 
-71.60 
•79.59 
•91,53 
•83,41 
-85,22 
•81!1,99 
•88,69 
·90,34 
•91,93 
•93,47 
•94.96 
•96.40 
-97,79 
•99o14 

CMo 

54,48 710o12 .o92639 o089001 ,024094 .023148 
55,20 307.~9 ol9ll34 ........ - ..... o165117 ..............• 054379 .......• 049589 
56,05 193,27 ,365627 o320927 ,104627 0091836 
57,o2 193,27 ,365732 · o321i:i15 ...... .104866 ,o92o4s 
57,99 193o27 .~65836 o321l02 o105103 ,092251 

··-·58.95 ... 193o27- ,)65940' o321189" ___ .105339·--- .092456 

312.78 
312.20 
31lo50 
310,69 
3o9o87 
3o9.o5 
3o8.23 
3i)7,41 
3o6.59 
3o5.78 
304.98 
304.18. 
303,40 
3o2.62 
301.86 
3o1.12 
300o39 
299,68 
298,99 
298.31 
297.66 
2•n.o2 
296,39 
?-95,78 
295.19 
294.60 
294.01 
293.43 
292.85 
292.25 ..... 
291,64 
291.01 
290,35 
289.64 
288.89 
289,08 .. 
297.20 
296.23 
295.17 
293.98 
292o67 
281.20 
279.55 
217.69 
275,61 
273.27 
270,63 

. 267.66 
264e34 
260,64 
256.55 

59,89 193o27 o366042 o321274 ,105569 o092b58 
6o,82 193,27 ,31!16142 ·· ...... · ;321358 -- ·l·onu .ouBs? 
6J,74 193•?7 ,361!1241 o321440 • 06023 ,o93053 
62,64 193o27 ,366338 o321522 ,106244 0 093246 
63,52 193o~7 o366434 o321601 ,106460 o093435 
64o39 193o27 .... o366527·---•321679 ----.106672 .. ·--·-·-.093620 
65,23 193,27 .~66593 o32i729 ,106823 ,093750 
66,o5 193•27 .366593 · ·---- ;321710 ...... .1n6823 · ···· .o93744 
66.84 193•27 .366593 ·321692 ,106823 .o93739 
67,60 193o27 ,366593 ...... o321675 ·- . 0 106823 ,093734 
68.34 193o27 .366593 o321658 ,106823 ,093729 
69,o3 193o27. ,366593·----- o321642 ----·,106823 ----·· 0 093724 
69,69 193o27 o366593 o321627 o106823 o093720 
76,30 193o27 1'66593 o321613 ···· ..... · ,106823 - · o093716 
70o87 193o27 ,366593 o321600 ,1o6823 ,093712 
71,39 193.27 ,366593 ....... ~321S88 ,106823 ,o937o8 
71,85 193.~7 ,366593 o321578 .106823 1 093705 
72o25 · 193o27 · ···· o366593 ----· o321569·---· ,106823----- o093703 
72,58 193,27 ,366593 o32156i ,106823 ,093700 
72,85 193o27 o366593 · ··-· o321555 o106823 o093699 
73,04 193.27 ,366593 ·321550 .106823 .093697 
73.i7 19Jo27 ~36&593 ;321547 .io6823 o093697 
73o21 193,27 o36&593 ~321546 ,106823 o093&96 
73,18 .. 193,~7··--·,366593 ·--- 0321S47 ---- 0 106823 ·-----· ,093696 
73,Q8 193 0 27 0366593 o321549 o106823 o093697 
72o90 193•27 o366593 --·-· o321554 .. ------ ,106823 o093698 
72,65 193o27 o366593 o32i559 ,106823 o093700 
72o33 193o27 o36&593 o321S67 oi06823 · ···· ,093702 
71.94 193•27 .366593 •321575 .106823 .093705 
71.50 193.27 .366593 ·---·-·321586 -· ------.106823 ----... 093708 
70o99 19Jo~7 o366593 o32i597 o106823 o093711 
70,44 193o27 o366593 o321610 .106823 o093715 
6~,93 193•27 o366593 o321624 ,1o6823 o093719 
69 0 19 193oi7 0 366593 o321639 ,106823 0093723 
68,50 193•27 .366593 ~321654 ,106823 .o9372A 
67.78 193o27 ,366593 .. ----· o32167i·---· ,106823 ---·,093733 
67,02 193.27 ,366593 ~321688 ,106823 .093738 
66oi!3 193o27 o366593 --- o321706 o106823 o093743 
65,42 193o27 ,366593 o32172S ,106823 0 093748 
64,58 193o27 o366548 ~321697 o106720 o093662 
63o72 193o27 o366455 o321619 ,106509 o09347R 
62o84 ····· 193o27 ··.366360 -----· o32154o .. ----- o106294 --·---·.09329o· 
6}o95 193o27 o366264 o32i459 •106074 o093098 
61oo3. 193.27 ,366165 ...... ·--. o321317 .105850 ... ... ,092903 
6Qo11 193o27 o366065 ;321293 o105622 o092704 

0116733 o112148 
.235513 .214766 
,470253 ,412763 
,470598 .413060 
,470940 ,413354 
,47i278 --······· 0413&45 ----'--
1471611 o413932 
,471940 ,414215 
,4722~4 ,414494 
,472562 ,414768 
.472894 .41503& 
.473199 ··----·--- .• 415299 
,473416 ,415479 
,473416 .415455 
,473416 o415431 
,473416 ,415409 
,473416 o415387 
,473416 ···--- .415366 
,473416 o415347 I 

.473416 ,4153~9 ~ 

.473416 .415312 00 
,473416 o4i5297 I 

,473416 ,4i52~3 
,473416 ·-------.415271 
.47341& ,415261 
.473416 ,415253 
,473416 .415248 
,473416 ,4i5244 
,473416 .415243 
.473416 __ .. _____ ,415243· 
,4734!6 ,415247 
,473416 .415252 
.473416 ,415259 
,473416 .415269 
,473416 .415280 
,473416 ------·· ,415293·--
0473416 .415.308 
,473416 ,415325 
,473416 .415343 
,473416 ,415362 
,473416 .415382 

··------- ,4734\6 ------·,415403 
,473416 ,415426 
.473416 o415449 
,4734!6 ,415473 
0 4732&8 o415359 
.4729&5 ,415097 
0472654 -·--··· .. ··· o4H930 
,472338 .414557 

',4720i5 ,414280 
,471697 o413998 



49,86 •100o44 252o06 59,17 l93o27 o365963 •321208 ,105392 o092503 ,471355 o413711 
49,o6 -1 01,1o 247,2o 58,21 193,27 ,3&586o !321122 ,105158 ,o92299 ,471oi8 ,413421 
48,z4 -1o2,92 242,o3 s1.2s 193,27 ~36S7s6 ,32Io35 ,1o4921 ,o92o93 .470677 ,413i2B 
47,41 •104 0 10 236,62 56,27 193o?7 ,365651 o320948 o104682 o091884 ,470333 ,412831 
46,57 •lQ5,24 231,09 55,29 193o27 1 365750 - ------- o321045 --------- ,103904 ----- ,091204 ,469654 -- ,412249 
45.72 •106,35 225.55 54,30 193.27 ,365928 ~321215 ,102913 ,090338 ,468841 ,411553 
44o86 •107o4J 220ol2 53o29 193o27 o366i08 o321387 ,101914 o08946S ,46BOZ2 o410952 
43,98 •108,47 214,91 52.29 193.27 ,361169 •317303 .101095 ,088816 ,4622~4 ,406il9 
43,10 -16!,49 210,00 51,27 193,27 ,354067 ;311409 -- - ,100348 ,088258 ,4544i5 ,399668 
42o21 •110 1 47 205o45 5oo25 193.~7 ,346922 o305466 ,o99597 ,087696 ,446519 ,393162 
41,31 •111,43 201o29 · 49,23 --193,27 --- o339380 -------·299927 -------,097575 -----.086232 ------ ,4369S6 ------,3B6i59 
40 1 41 •112 0 36 197,49 48o19 l93o27 o331684 ~294453 ,095128 · o084450 ,426812 ,378903 
39,so •113,26 194,07 H,l6 193,27 ,323952 - -- !2BBB9i ----- ,092669 ,082640 ,416621 ,371531 
38,58 •114,15 191o00 46o12 19Jo27 o3161B6 o2BJ24J ,090200 oOB0802 ,406396 o364045 
37,65 •115,01 188,25 45,07 193o~7 1 308390 ------ o277509 ---- ,097720 ,078937 ,3961iO ,356446 
36,72 •115 1 84 185,78 44o02 193,27 o300564 ;271691 ,08~232 o077044 ,3857~6 o348735 
35,78 •116o66 - 183o57 -- 42o97 --- 193o27 -- o292712 ----- ;265788 · on82735 -----,075125 -------- ,3754~7 ----- o3409l3 --
34,,7 •117,35 181,85 42,o6 307.!9 ,tso9o1 ;139978 ,042477 ,o39402 ,193377 ,179380 
34,29 •117,92 180o52 41o30 710•12 e077338- ---- •074894 ------ -- .01~531 e017946 ,095869· o092140 

----------~------------------------ ------ -------------·----------------·- ·------·- ----- ----- -------

----·-------- --- ------------ --------------·-
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CiiARGED PARTe ... NEUTRONS ... TOTAL 
GAMMA RAY 

-------·-··· --------·--· 

TOTAL FLIGHT DOSE FOR SOLAR MINIMUM CONDITIONS • 2,42943 .70196 3e13139 MILLIREMS PER FLIGHT PROF~LE 
...... 

TOTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS • 2el38Bl o6lT9l 2o75672 MILLIREMS PER FLIGHT P~OFtLE 

AVGo DOSE I FLIGHT PROFILE HOUR (SOLAR MI~~) • .34706 ol0028 e44734 MILLIRAOS PER HOUR 
···---- ··------- ------~-- ··--·------ ··- -------------------

AVGo DOSE I FLIGHT PROFILE HOUR (SOLAR AVG~) 

AVGo tiOSE I BLOCK TIME HOUR (SOLAR MINIMU~1 

AVG, OOSE I BLOCK TIME HOUR (SOLAR AVERAGE~ 

LEG BLOCK.TIME • PROFILE• TIME • cie25 HOURS 

• ,30554 .oee27 e39382 MILLIREMS PER HOUR 
.. . -· - ·---·------ --····-- ----- ----- .. ·--------- ---

• .33509 o09682 •43192 MILLIREMS I !BLOCK TIME1 HOUR 
. . -- ··---------·-.. .29501 e08523 e3B024 MILLIREMS I (BLOCK TIME) HOURt 

--------- -----· .... ------- ·-- --------· --- ----- -- ------ .. -.. - -- -- --- ----- ---· ---

···----··- - --- ... -------- --···-- ·-·-·-··-- "' ····-----·--···- ...... -~---------- ·------.... ---········· ---··-

----~------------------------·-----·-·-··-. , ___ ·----·--- ····-- ··--···-·-···· 

·-------

I 
C1' 
0 
I 



,, 
• 

LOS ANGELES TO NEW YoRK SUBSONIC FLIGHT IOo75 MACH) 

SC~EOULE BLOCK TIME ON ONE WAV(HRS): Sol 

RATE OF CLIMBIFEETIMIN)a 2000•000 CRUISING ALTITUOEIFEET)• 36000 

---CLIMBI"'G GROUN - SPEED (MILES/HOUR) •413•00 ... cRUISING SPEED PliLESIHOUR,) • 495•80 

RATE OF DESCENTIFEET/MIN)• 2000e000 

OESC~~biNG GROUND SPEEOIMILES/HOUq)•413•00--

ALTITUDE 
·······- ---- -··· 

12000 24000 36000 
3&000 36000 36000 
36000 36000 36000 
3&000 36000 36000 
3&000 36000 36000 .. --- .. . ---~-- ·-

3&000 36000 36000 ~----

24000 12000 0 

DISTANCE 

41.30 41.30 41.3n 
49oS8 49.58 

...... 

49•58 
-·-··----

49.58 49.58 49.58 
49.58 49.58 49.58 
49.58 49.58 49.58 
49.58 49.58 49.58 
4lo30 41.30 4lo30 

TOTAL INPUT PROFILE DISTANCE • 

FLIGHT PROFILE TIME • 

FLIGHT ALTITU~E AND DTSTA"'CE PROFILE IN 1/10 HOUR INCREME~TSo 

···------- ---------.- ····-------------

36ooo 36000 3()000 36000 36000 
36000 36000 34000 360(10 36000 
3bOOO 36000 36ooo 36000 36000 
36ooo 36000 3,000 36000 36000 
36000 36000 36ooo 36000 36000 
36000 

. ·-------· 36000 ------3~000 -·-·· 36000 ···---- 36000 ---------------------- ·--------

49.58 49.58 49.58 49.58 
49oS8 --·- 49oS8 ·------ 49o58 ---- 49o58 
49.58 49.c;8 49.58 
49.58 49o58 4Cio58 
49.58 49.58 49.58 
49o58 49.58 49.58 

2478o90 STATUTE ~Ij ES 

SolO HOURS IN THE AIR 

49o58 
49o58 
49oS8 
49.58 

49.58 
........ 49.58 

49.58 
49.58 
49.58 
49.58 

C: 

.-'=-~ 
t-,. .... ~ ._ 

r· ...... .,,., 

(< 

~-

....... 
-~ 

{ 

I 
c:;-.. ic 
...... 
I {)"" 

0'· 



COMPUTED GREAT CIRCLE LEG DISTANCE " 2453o1 THE I~ITIAL.COURSE ANGLE • 65o982 

LEG START LATIT~DE • 

--LEG 'Eflio.LATiTUDEi a 

LAT, LONGo COURSE 
ANGLE 

3•hOO LEG START LD'IGITUDE· a •118!15 

40o63 .. LEG ENOl LONGITUDE· • •73•77 '··-··· --····-·-·· 

GEOMo\G, 
LAT, 

ATMOS, 
OEPT>i 
GRIS~, 

eM, 

CHo\RGED PiRTICLES AND GAMMA 
OOSE_R~T~ IMREMSIHRI 

SOLAR MIN, SOLAR AVGo 

NEUTRONS 
DOSE RATE IMREMSIHR) 

SO~AR MIN, SOLAR AVGo 

TOTAL! DOSE RATE 
DOSE Ro\TE IMREMSIHRI 

SOLAR ~~'I~ SOLAR· A~G• 

34o12 •ti7o82 99,29 41o16 827o~3 o056497 •055366 ,011742 o011507 ,068238 o066972 
34,36 •117,16 99,56 41 0 50 516o42 o1i1878 ~- o106j97 ,029784 o028271 ,141661 oi34469 
34 0 60 •116,49 99,83 41o84 307o49 ol50056 o139260 ,042212 ,039175 0 1922~8 o178435 
34,95 •115,75 100o14 42o21 233o31 o225611 --~ o207063 ,063832 ,o58584 ,289444 o265b47 
35,j3 •114,94 100,49 42,61 233.31 .227674 •208683 ,064569 ,o59183 ,292243 I ,267966 
35,40 •114,13 100o86 ·-·· 43,oo--·· 233o31 ·,2297n7 ·---··210275 ------,065296 --··---· ,Q59772 ·----·-·-·-· ,295003 --·--·---· o270047 
35.66 •113,31 101.23 43,39 233o)1 .~317o9 ~211838 ,066011 ,060350 ,297720 ,272}89 
35,92 •112,48 101ob2 43,.77 233o31 o233679 ··-·-······ •213372 -- ,u6b716 ,060918 • ,30o395 o21HQO 
36,}7 ·•111,65 102o03 44 0 15 233o)1 o?.356t8 ~214876 ,067409 ,061475 ,3030?& ,27&351 
36,41 •110o81 102o45 44,52 233•3l o237523 o216351 ,068090 ,0&2020 ,305613 ,278371 
36,65 •109,97 102.89 44,88 233o31 ,::>3'139~4 •211795 ,0611758 ,062555 ,308153 ,280349 
36,89 -1()9,12 103,35 -45,23 -· 233.31" ... ,?.41231""---.219208 ------·,069415 --------,063078 ---------- ,31064& ·------· .... ,292286 
31.12 -to8,27 103,83 45,58 233•31 o?43032 o22o59o ,070o58 o063589 ,3130'10 o284179 
37,34 •107,41 104o33 '>5,92 233o31 o?4H96 ···· · ;221940 ,070689 0 064089 ,3i5495 o286029 
37,55 •166,55 104,85 46,25 233o31 o246523 o223259 ,071306 0 06'>577 ,3i7829 0 287836 
37,76 •I05o68 105,40 46,58 233•31 o248211 ·- ;224544 ,071910 .o65o53 ,320121 o2B9597 
37,97 -164,81 105,98 46,9o 233,31 ,24~86o ~225796 ,o72tt99 ,o65517 ,322359 ,291313 
38,16 -1o3,93 106,59-- 47,21 - 233.31-----.::>51469 .221o1s ----,o73o7~t--·----,o65968 ---·--·-·-· ,324543----------,292983 
39,35 -1o3,o5 101,23 47,51 2~3·31 ,7.53037 ·228200 .u73634 ,066407 ,326671 ,294606 
38e54 -102o16 107.90 '>7o81 233o31 o254563 •22935~ ,074180 -- o0&6833 ,32B7i2 o296i83 I 

38,71 •101.27 108,61 48,o9 233o31 ,25&045 ·230465 ,074710 ,o67246 ,330755 o29771i ~ 
38 0 88 •100,38 109,37 48,37 233o31 ,257'>84 o2315'>5 ,075224 o0676<t6 ,332708 o299i91 1 

39,o5 -~9,48 110 0 16 48,64 233o31 ,?.58878 o232589 ,u75722 ,068032 ,334600 ,30062i 
39o20 ·- •98,57 ll1o01 ··- 48.90 '233o31 o260227···----~233597·----.u7&204 -----··· o068406 ·-·------· ,336431 ··--------,302002 
39.35 •97,67 111.92 49o15 233~i1 o261529 •23~567 .~76669 o0687&s .338198 .303333 
39,49 -96,75 112,88 49,4o · 233.31 ,::>62783 ·---------- ~2355oi ------ ,077118 ---- -· ,o69lli ,33991)1 ,3o'+&12 
39,&3 •95,84 113,91 49,63 233o31 o2639B9 o236396 ,077549 ,069443 ,34i5~8 .305940 
39,75 •94,92 115o01 <t9,85 233•31 o265146 •237254 ,u77962 o069761 ,343108 o307015 
39,97 ·94,00 116,18 50e07 233•)1 o?.66249 ~238115 ,U78281 ,070009 ,344530 o30Bi24 
39,99:'.. •93o07 117o45 ----- 50o27 233o:h ·- ,:;>67296 •239023 ---,078426 ------ ,o7ol3i ........ ----- ,345722·· ···-··---· .... o309154 
40o09 •92o15 118o81 50o47 233•~1 o?.68292 ~239887 ,078563 ,0702'>6 o3468S5 o310l33 
40,}9 -9i.22 120.28 !:io,65 233,31 ,269235 ····-----· o240706 ----------- ,o78694 ......... 070355 ,341929 ,311061 
40 0 2~ •9Q,28 121,86 5~o82 233o31 o270126 o24l478 ,u78817 ,070458 ,348943 o311936 
40o37 •99o35 123o57 50,99 233•31 o?.70963 ........ •242204 ,078933 ,070555 ,349895 o3i2759 
40,44 -98,41 125,43 51,14 233,)1 .~71745 o242883 ,o79041 .070646 ,350796 ,313529 
40,51 •87,47 "127,44 51.28 233,31 .... o27247J -----;243514-----,0!9142 ---------.070730 -------- ,351615 ---·--·-----· e314244 
4o,57 -s6,53 129,62 51,<>1 233,31 ,273146 ,244o91 ,079234 ,o7o8o8 ,3~2390 ,3149o5 
40o62 •85,59 131,99 51,53 233o31 ,?.73762 ··---------· o244631 ------ · ,079320 .......... ,070879 ,353092 o315510 
40o67 •84,64 134o57 5to6<t 233•31 •274322 •245i1~ ,o79397 •0709'>4 o3537i9 •316060 
40,70 •83,70 137.36 51,74 233o31 ,?.74824 i2455S1 ,079467 ,071002 ,3542'11 o316553 
4o,73 -82,75 140,39 51,83 233,31 ,275269 ,245937 ,o79528 ,o71o54 ,354797 ,316990 
4o, 76 -B1,8o - 143,&6 ··---· 51,9n · 233,31·----,?.75656 -----.246272------,o795B2 ------,o71o98- ------ ,355238 --------· ·· ,317370 
40,17 .so,85 147,19 5t,96 233,31 ,?.75985 ~246557 ,079627 ,071136 ,3556!2 ,3~7&93 
40o78 •79,91 15oo97 52o02 233•~1 o276255 ···--------- •246791 ........... ,o79664 o071168 ,355919 o31B58 
40,78 •78,96 154,99 52.ot. 233,31 ,276466 • o24&973 ,079693 ,071192 ,356160 ,3i8165 
40;.77 -78,o1 159,24 52,o9 233,31 ,z766t8 ------- ,241i05 ----· --- ,o79714 --~---- ,011210 ,356333 ,318315 
40 0 75 •77,06 163,69 52o11 233o~1 o27&711 o247186 ,079727 ,o71220 ,35&439 o31940b 

-~--.o.72 -76,11 ... 168.30 -- 52·11·-- 23Jo3l--·27&745 ·!24721~-- ,u79732·---.o71224 -------,35&477 -------· o318439 ----
40,70 •75,25 172,60 S2o11 307.49 o181132 ol65175 ,052933 o048270 ,2340~5 o213446 
40o66 •14,46 176o55 52o10 516o~2 ol35168 .......... -;126685 ·--'--- ,037707 -----·-···· o03534j o172875 o16202b 
40,63 •73,67 180,49 52,08 827o93 o066634 ~064969 ,015010 ,01463~ ,081644 o0796.4 

-- --·-··-"·- ... 



TOTAL FLIGHT DOSE FOR SOLAR MINIMUM CONDITIONS • 

TOTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS • 

C>iARGED PARTe­
GAM~A Rt~Y 

1.23432 

1.11310 

AVOe OOSE I FLIGHT PROFILE HOUR (SOLAR MI~.J • .24202 

AVGe OOSE I FLIGHT PROFILE HOUR !SOLAR AV3.J • .21825 

AVO. OOSE I BLOCK TIME HOUR !SOLAR ~INIMU•l ' • .23071 

NEUTRONS 

.35626 

.32116 
··---·-··· 

e06985 

·06297 
····-··-----

.06659 

-06003 _AVGe. DOSE l BLOCK !I ME: HOUR (~OL.AR _AVERAGE ! ___ • ____ !.?.~!_0_~ . 

LEG BLOCK TIME • PROFILE TIME • Oe25 HOURS 
····- ······-·-- ------··· 

TOTAL 

1e590S8 MILLIREMS PER FLIGHT PQOFILE 

1•43426 MILLIREMS PER FLIGHT PQOFtLE 

e31l88 MILLIRADS PER HOUR 
--- ····-· -- ------

•28123 MILLIREMS PER HOUR 

•29730 MILLIREMS I !BLOCK TIME) HOUR 

e26809 MILLIREMS I (BLOCK TIMEJ HOUQt 
--------------·- . ··---- ----------- .... ·--·-·····-··-···----·-···- -- ·---------
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LOS ANGELES TO NEW YoR'< AT le4 "4ACH 

/ 

5CHEOU~E B~OCK TIME ON ONE WAY(HRSI• 5e8 

RATE OF CLIM8(FEETIMIN)• 3333•333 CRUISING ALTITUOECFEETI• 40000 RATE OF OESCENTCFEET/MI~I• 3333e333 

-·CLIMB I \1~ GROUN . -SPEED CMILES/HOUR 1•665• 00 -·"·CRUISING SPEED I !4II.E5/HOURJ• 924• 00 -····-·DESCENDING GROUND SPEED IMI~ES/H)Uq 1•665• 00 -

FLIGHT ALTITUOE AND DISTANCE PROFILE IN l/10 HOUR INCREMENTS, 

AI. TITUOE 

20000 
40000 
40000 
40000 

40000 
40000 
40000 
40000 

- ·-· .. - 0 I STANCE···--· 

66e50 66.50 
92o40 92.40 
92o40 92.40 
92•40 92,40 

. ··-. 

40000 
4000Q 
40000 

' 20000 

92.40 
92,40 
92.40 

40000 
40000 
40000 

0 

92.40 
92e40 
92e40 

66•50 66e50 
~--- -· -- . - -- . - . . ... -- -------- ... . . 

40000 
40000 
40000 

92o40 
92.40 
92o40 

4oooo 
· ·· 4oooo 

4oooo 

9?o40 
9::-.~o 
92.40 

.... --------- -~-~---··- ·····----- --- -----·-

yOyAL INPUT PROFILE DISTANCE • 2483.60 sTATUTE \4IiES 

FLIGHT PROFILE TIME • 2eBO HOURS IN THE AIR 

40000 
40000 .. 
40000 

92e40 
92.40 
92.40 

40000 
40000 . ·. 
4oooo 

92.40 
92.40 
92.40 

I 
0' 
~ 
I 



COM~UTED GREAT CIRCLE LEG DISTANCE = 2453•1 T~E INITIAL COURSE ANGLE • 65o982 

LEG START LATITUDE • 34o00 LEG START LO~GITUDE a •118•\5 

- LEG END LI\TITUDE' • 

LAT. LONG• COURSE 
ANGLE 

""40e63 

GEOMAG, 
LAT. 

-LEG END LONGITUDE ~ •73!77- -·---···~····~··-" .. ··-·-·-- ····-. 

ATt.40S, 
DEPT~ 
GR/S~. 

eM. 

C~ARGED P§RTICLES AND GAMMA 
DOSE RATE' CMRE~S/HR) 

SOLA~ MiN, SOLAR AVGe 

NEUTRONS 
DOSE RATE CMREMS/HR) 

SOLAR MIN, SOLAR AVG, 

TOTA\.1 DOSE RATE 
DOSE RATE (MREMS/~~~ 

SOLAR ~I~~ SOLA~ AVGe 
,. .. ..,.,.__ 
\.,.; 

····------·· 
34oi9 
34,58 
J5,o2 
35,52 
36,oo 

·- 36.46 
36o90 
37,32 
37.72 
J8oJO 
38,45 
38 .• 78 
39, 09 
39,)7 
39o62 
39o66 
40o06 
40oz4 
40,40 
40oS3 
40.63 
40,71 
40o75 
40,78 
40.77 
40o74 
40.69 
40,63 

•1l7o62 
•116.55 
·115,25 
•113.73 
-112.20 
-11 o.64 ·-
·1o9.o6 
•107,47 
·1o5.86 
-1o4.2J 
•102.58 
•100,92 
•99,25 
-97,56 
•95.86 
•94.14 
•92.42 
•90.68 
-68,94 
•87.19 
•85,43 
·83,67 
•81,91 
-so. 14 
·78,37 
•76,61 
•7S,o9 
.. 7.3,82 

99,37 
99,81 

100.36 
101.04 
101,76 
102.54 
l03o38 
104,30 
10So29 
106.38 
107.57 
108,90 
110o37 
112.02 
ll3o88 
115· 99 
118.40 
12lo17 
124,36 
128.o7 
132.39 
137,43 
l43o28 

-150,01 
157,59 
165.88 
173.38 
119,74 

41o26 
41.81 
42,46 
43o19 
43,90 
44.59 -· 
45.26 
45,90 
46,52 
47 •ll 
47,67 
48,20 
48.71 
49,}8 
49,62 
so.o3 
so.41 
so.75 
51.05 
51o32 
51o5S 
51.74 
51.89 

-- sz. 0 1 
s2.o8 
s2.i1 
52e11 
s2.o8· 

710•12 o077268 !074830 ,018510 o017926 ,095779 
307o49 o\49946 ------·-· ol39167 ,042178 o039146 0 192124 
193,27 .288884 ;262887 ,081518 ,074182 ,370402 
193•27 ,?.94343 - - ;267019 -- ,083254 ,,075525 ,3775H 

• o92756 
,1783i3 
,337069 
.342545 

193.~7 ,299~47 ;271004 ,084940 ,076821 ,384597 
193o;:7-- ,304788 ------ •274839·---·-,086575----- ,078068 ·------ ,39i363 --------

,347825 
.3529(17 
o3577B5 l93o27 o3o9?57 ~278520 ,088155 .o79265 ,3979i2 

193,27 ,314548 o282043 ,089679 .080412 ,4042~6 
193o27 e119151 o285407 ,091142 o081506 0 4102il 
193,27 e323558 ~2886o7 .o92544 o082547 ,416162 
193o27 o32i761 o291639 ,093880 0 083534 1 421641 
193.~7 --- .331751 "'----- .29450\ --------,095149 -------- ,084465 ------- .426900 
193o27 .~35519 o297i89 ,096347 e085340 ,4318&6 
193.27 .~39057 ;299&99 ,097473 .086158 ,436530 
193o27 .~42358• •302028 ,098522 o086916 .440879 
193o27 o34S395 o304194 ,099437 o087576 ,444832 
193o27 e348022 ;306382 ,099713 o087783 0 447735 
19JoZ7 · o350402 ------ o3083&3 ----- .o99963 -------- o087970 --- -----··· ,450366 
193e27 ,352531 o310133 ,100187 1 088138 ,452718 
193o~7 o354401 ;311687 ol00383 o088285 0 4~47~4 
193.~7 o356007 •313020 ei00552 o08841i 0 456559 
193,27 ,357344 e31413i ,100693 ,08B51~ .458037 
193,27 ,358408 ;3150i4 ol00805 .088600 ,459213 
193,zr· .Js9t97-----··315&68 ------ .1oo881 ------ -~o88o&f -------- ,460094 
193.27 .3597o6 •316o9o ,100941 ,o8870l .460647 
193o27 ,359935 !316280 ,1~0965 oOB8719 ,460900 
3o7.tt9 .181132 !165175 .os2932 .o4B27o •• 2~40&4 
710e12 eb92553 · !088918 ,023592 ,022666 1 116145 

,3€121t-~i 
,!166:}}3 
,371154 
,375i73 
,379~66 . 
.392529 
,385957 
,398945 
,391770 
o394164 

-. ··- .... 0 396333 
.398270 
o399971 I 

. 0' 
,401431\,}1 
,402647 
.403613 
.4043;?9 
o40U92 
,404999 
.213~45 
.111584 

..... ---.. ·---·-- -- ··- ---------- ----------------- ·····------.. -----------·--------- -~-- ------~-------· ·-- ··---------~--------------· 
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TOTAL FLIGHT DOSE FOR SOLAR MINIMUM C0N01TI0NS • 

TOTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS • 

AVGo OOSE I FLIGHT PROFILE HOUR ISOLAR MI~.) • ·----· 

AVG, DOSE I FLIGHT PROFILE HOUR (SOLAR AVG,) 

AVG• oOSE I BLOCK TIME HOUR (SO~AR MINIMUM) 

AVGe QOSE I BLOCK TIME HOUR (SO~AR AVERAGE) 
- ...... -----· ----·· ·-~- .. --- -------· ··- --·-

LEG B~OCK TIME • PROFILE TIME • Oe25 HOURS 

< .. 

• 
• 
• 

CHARGED P~RTe NEUTRONS TOTAL 
GAM~A RAY 

-------·-···. ------·-· ··-
,85334 o24209 lo09543 MILLIREMS PER FLIGHT P~OFILE 

,75944 .21541 o97485 MILLIREMS PER FLIGHT pqOFILE 
·- --·--· ··- ·--. ·-----

.30476 o08646 o39122 MILLIRADS PER HOUR 
·-------· ---------- -- -- ------- ---~-

.27123 .07693 .34816 MILLIREMS PER HOUR 

,27978 .07937 o35916 MILLIREMS I (BLOCK TIME) HOUq 
---· ·······--··· ----

.24900 •07063 •31962 MILLIREMS I CB~OCK TIMEI HOUq, 
-------------- --------------------------------.-------=----

- ) - ···-· -·--··· ···-·. ' 

I 
0"- • 
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WASHINGTON to MOSCOW SUBSONIC FLIGHT IOo7S MACHI 

SCHEOU~E-BLOCK TIME ON ONE WAYIHRSI• lOoO 

RATE OF ·CLIMBCFEET/MINI• 2000•000 CRUISIN. ALTITUDECFEET)• 36000 RATE OF OESCENTCFEET/MI~I• 2000o000 

-CLiMBI~G GROUN- SPE£DcMILESiHOUR)~•i3•00 ___ CRUISING SPEEOC~ILES/HOUR)a 495•80 DESCENDING GROUND SPEED CMILES/HJURrl •413• oo-----

AL TITtJOE 

12000 
3&000 
3&000 
3&000 
3&000 
36000 
3&000 
36000 
3&000 
36000 
36000 
3&000 
3&000 

DISTANCE 

41o30 
49o58 
49o58 
49o58 
49o58 
49,58 
49o58 
49.58 
49o58 
49o58 
49.58 
49.58 
49.58 

FLIGHT ALTITUDE AND DISTANCE PROFILE iN 1/10 HOUR INCREMENTS. 

24000 36000 J&ooo 3&ono 3{>000 
36000 36000 36000 36000 36000 
36000 36000 36000 36'0 00 3~Q00 
36000 36000 3~000 36ooo 3,..ooo 
36000 36000 36ooo 36ooo 3i,ooo 
36000 .. 36000 - -· 36000 --·-· 36000 - 3~000 

36000 36000 36000 36000 3~ggo 
36000 36000 3&ooo 36000 3~QOO 
36000 36000 36000 36000 3,..ooo 
36000 36000 36000 36000 3~000 
36000 36000 36000 36000 3~000 

36000 
36000 
36000 
36000 
36000 
36000 
36000 
36oOO 
36000 
36000 
36000 

36ooo · · -- 36ooo ··--- 36ooo -·-- 36ooo ·--·-36ooo 

36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 ----36000. -----· 

24000 12000 0 

41,30 41.30 49,58 49.58 4~.58 49•58 49.58 
49

0
58 -·· 49,58 -·-· 49o58 -- 49o58 ---- 49o58 ---- 49o58 --- 49,58 

49o58 49o58 49o58 49o58 4Qo58 49o58 49,58 
49.58 49,58 49,58 49.58 4q.S8 49o58 49.58 
49oS8 49,58 49o58 49o58 49.58 49o58 49.56 
49.58 49.58 49o58 49.58 49.58 49o58 49,5~ 
49,58 49•58 49o58 49o58 49o58 49o58 49.58 
49

1
58 49o58 --- 49o58 ···-·· 49,58 ---··-49 1 58 ·-··49 1 58 ---- 49~58 

49 1 58 49,58 49o58 49o58 49 1 58 49o58 49,58 
49,58 49•58 49o58 49,58 49o58 49o58 49,58 
49.58 49~58 49.58 49.58 49.58 49.58 49.58 
49,58 49!58 49oS8 49 1 58 49,58 49 1 58 49,~8 
41.30 41,30 4le30 

... ---------·--~--·-··---··---- -------- -------------

TOTAL INPUT PROFILE DISTANCE • 4908t32 ST4TUTE ~o~ir'ES 

10•00 HOURS IN TijE AiR FLIGHT PROFILE TIME • 

I 
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.c 



COM~UTED GREAT ClRCLE LEG DISTANCE • 4884o0 THE INITIAL COURSE ANGLE • 

LEG START LATITUDE ., 38o55 ~EG START ~O~GITUDE • •77•00 

LEG END LATITUDE • -·55,45; .~··t.EG·END LONGITUDE • --37•42 

. LAT, LONGo 

33o163 

NEUTRONS 

' 

TOTAl.! DOSE RATE 
DOSE R'TE IMRENS/HRI 

CD.URSE 
ANGLE 

GEOMAGo 
LAT. 

AT~OS, 
DEPTH 
GR/SQ, 

CHA~GED PaRTICLES A~D GAMMA 
DOSE R~TE CMRE~S/HRI 

SOLAH MIN, - SOLAR AVGo 
DOSE RATE IMREMS/HR) 

sO~AR MIN, SOLAR AVGo SO~AR ~I~• SOLAR AVGo 

38,90 
39.30 
39,90 
40~34 
40,94 
41,53 
42o11 
42,70 
43.28 
43,86 
44,44 
45,o1 
45.58 
46.15 
46,11 
41,21 
47,93 

- 48. 38 
48,92 
49,47 
so.o1 
so.54 
s1.o1 
si.59 
52.11 
52.62 
53,13 
53,!>3 
Sit ,12 
54,61 
55,o9 
55,56 
S6,o3 
56.49 
56.94 
57.38 
57,81 
sa. 23 
58,65 
s9,os 
59,44 
59,93 
60o20 
60.56 
60.91 
61.24 
61o56 
61,97 
62.17 
62o45 
62.71 

eM, 

•76,79 36,57 5o.17 021.93 .o66546 •064883 ,014757 .o14388 
•76,37 36o60 Soo68 516o42 ol35H1 ·-··-······ •126660 - --- · ,0~7235 o034898 
•75,94 36o64 5toi9 307o!9 •iB1131 •165175 ,052504 o047879 
•75,45 36,69 St. 75 233.31 .:>711888 ·----- •245606 · -- ,u79475 .onoo9 
•74,92 36,75 52,36 233o31 .218002 •248303 ,o79906 ,o7137i 
·74,38 ··-· 36,81 52,96 233• 3~ ---· ,28lloo --_ ---.2so.984 ----- ,aao334 ----. o11127· 
•73,82 36,87 53,56 233o3l ,~81831 •251631 ,D80794 ,072137 
•73,26 36,94 54.16 233.31 ,::>82397 ------··-··· o252137 ··-·· ,081254. ········-·· ,o7l!54T' 
•72~6G 31oOO !4,79 233.~1 .~82960 o252639 . ,081710 ,o?29!S 
•72,10 37,08 55,34 233o31 ,:?83518 o253138 ·'- -· ,082164 ,073359 
•71,51 37,15 55,92 233oJ1 ,284073 o253633 ,U82614 o07376t 
·7ii,9o 37,23 - 5&,so · 233.31-- ,284146 --- ····253687 ------ ,o82763 ---------- .o73B9i 
•7o.2B 37.31 57.oB 233.31 ,::>84146 ~253673 ,082865 .o73978 
•69,64 37,40 57,65 233o31 ,:>84146 •253660 - · ,0112966 ,074065 
•69,00 37,48 58,2i 233o31 ,284146 o253647 ,o8Jo67 ,074151 
-68,34- 37,57 58,77 233.31 ,:>84146 ,253634 ,oiiJ166 ,074236 
•67,66 37,66 . 59 0 32 233o31 ,284146 o25362i ,083265 ,074320 
•66,97 ·-· 37o76 -- 59,87 .. 233•31 .. oi'84H6·-----!253608 ----,083362 -----·,074403 
•66,27 37,85 60.41 ~33.31 o284146 •253595 ,083458 o074485 
·65,55 37,95 60,94 233,31 .284146 --· ~253583 ,083553 ,074566 
-64,81 38,o5 61,47 233.~1 ,284146 ~25357i ,o83646 ,o74646 
•64,06 38,15 61,98 233o31 o2Bit146 o253S59 ,083739 0 074724 
•63,29 38.25 62o49 233•31 ,;>84146. ;253S47 ,083829 .074802 
•62,51 . -·-·· 38,35 ... 62,99. -· 233ol1····-- o284h6 -----·~253S35 -----,083918 ------ o014879 
•61,7o 38,45 63,48 233·31 .284146 ;253524 ,OB4oo6- .o74953 
•60,88 38.55 63.97 233,J1 .~84146 ·--------- · •253512 ,o84092 .o75026 
•60,03 38,66 64,44 233.31 ,284146 o25350i ,084175 ,o75097 
-s9,J7 38,76 64~9j 233.31 ,284146 ~253491 ,084257 ,o75167 
·58,29 38,86 65,35 233,J1 ,281t146 ;253482 ,084276 ,o75181 
.s7 ,38 ······ 38,96 ---- 65,H 233.~1---· ,28~h6 ----- ,253414 ------- ,OR4276 ------- ,075179 
•56 0 45 39,06 66,21 233o31 o281t146 o253467 ,084276 ,075176 
•55,50 39,15 66,62 233.~1 ,:>8U46 ,~ ~253459 ,084276 ,o75l14 
•54,53 39,24 67,o1 233.31 ,281t146 o253452 ,084276 ,075172 
•53,54 39,33 67,39 233ol1 o2B4146 ;253446 ,084276 ,075170 
•52,52 39,42 67,76 233.31 .~84146 ~253439 ,084276 ,075168 
-51.47 ... 39.50 · 68,11 233•31 ,:>84146 ·------·- •253433 ·---- ,08'>276 ·----··-· .o75!66 
•50,40 39,58 68,44 233ojl o28411t6 ~253427 ,084276 ,075165 
•49,31 39.65 6Bo75 233·~1 •28411+6 ~- ~--· •253422 ,ij84276 .o75163 
·48,19 39,71 69,o5 233.31 .284146 ·253416 ,o8to276 ,o75161 
•H ,04 39,77 69,32 233o31 ,284146 ·-·· o25341i ,084276 ,075160 
•45,86 39,82 69,57 233•31 .?.84146 e253407 ,os4276 .o75159 

·. ·44,66 ·--- 39.86 ···· 69,81 ··· 233,31··~··· .:>alt146·------.253403 ----- ,o84276 ·-·--··.o75157 
•43,43 39,89 7o.o2 233o31 .:>84146 ;253399 ,084276 .o75156 
•42 0 17 39,91 70o20 233o~1 oi'Bit146 o253396 ·,084276 ,075155 
•40,89 39.92 7o,37 233.31 .~84146 •253393 ,084276 ,o75155 
·39,57 39,91 7oe5t 233,J1 ,?a4l46 ;25339o ,084276 ,o75154 
•38.23 39.89 7oo62 233•J1 o284146.· •253388 ,0114276 .o75153 
•36,86 -----39,86 ---7o, n .. · 233.31·-··,za4146--------~253387--------·,o84276 ______ ,o75153 
•35,47 J9,81 7oo1e 233•31 o284146 ;253386 ,OA4276 .o75152 
•34.05 39,74 7o.e'1 233o31 o284l46 - •253385 ·· ,084276 ,o75152 
•32,6ij 39,65 7o.83 233o31 .284146 ~253385 ,0~4276 ,o7Sl52 

.osi3o3 .o79z72 
,172376 .161558 
·233635 •213054 
,354363 .316615 
,357908 ,319673 
,361434 ~------~ .322711 
,3626?5 ,323768 
.~~Jt.l .~-·~·4 
,364670 ,325594 
,365692 ,326498 
,366697 .327395 
,366909 ·---~- --~ .327579 
,3670i1 .327652 
,367112 .327725 
,367213 ,327798 
,367312 ,327969 
,367411 ,327941 

------- ,367508 ----- o328n11 
,367604 .328080 
,367699 o328149 I 

,367H3 ,328216 &; 
0 367895 ,328283 I 

,367975 .328349 
,3680~4 -~----- ,32Hl3 
,369!52 .328476 
,368238 .328538 
,3683~2 ,328599 
,368404 ,328658 
,3684 22 ,328663 
,368422 -·~ ···-· .. ,328653 
,368422 ,329643 
,369422 .328634 
,368422 ,329625 
,369422 o32B616 
,369422 ,328607 
,369422 -~ --- .32!!599 
,368422 .328592 
,368422 o328595 
,368422 ,328578 
,368422 ,328571 
,368422 .329566 
• 368422 ·---------· • 328 560 
,369422 .329555 
,368422 .329551 
,368422 ,328547 
,368422 ,328544 
,368422 .328541 
,368422 -------- ... ,328539 -~-

,368422 .328538 
,368422 ,328537 
,368422 '328537 ./ 



., 

62.96 •31.12 39.5~ 7o.81 233o3l ,?,84146 o253385 .084276 .075152 ,368~22 1328537 
63.20 •29.63 39.42 70.78 233o31 .~8414& o25338& .084276 .075152 .368422 o32BS18 
63.42 •28.lo 39.27 7o.71 233o31 .?.84146 •253387 .084276 .o75153 .36B422 .329539 
63.&2 •26.56 39.09 7o.62 233.31 .?84146 ·253388 .u84276 .o75153 .368422 .328541 
63.so -24,99, 38.89 -- 7n.51. 233.31 .?.B4146 -------- .25:n9o ---------- .oB4276 .o7Sl54 -- --- .3t-B4?.2 .328544 
63 197 •23 0 41 38.67 7o.37 233o~1 o?84146 o253393 ,oB4276 o075154 .369422 o328547 
64.12 •21.80 38.42 7o 120 233.31 1?84146 o253396 .084276 .075155 .368422 o328551 
6~o26 •20o18 38o14 70o02 233•31 o?84146 o253399 o0R4276 o075156 0 369422 1328555 (:::; 
64.37 •18.54 37,83 69,81 233o31 .~84146 •253403 .ue4276 .o75157 .368422 .328560 
64.47 •16 0 90 37.49 69o5~ 233o31 o284146 o253407 ,084276 ,o75159 ,368422 o328566 ;:~ 

-· 64.55 --- •15 ,24 ----· 37.12 . -- 69.32 - 233.31 --· • ?.84146 ------- • 25341 i ·-· • 084276 ··-------· • 075160 ----- ...• 368422 ----------· • 3285 71 
64,61 •13.57 J6.71 69.o5 233,31 ,?84146 .253416 ,084276 ,075161 ,3684?.2 .328578 c. 
64.65 .. 11,90 36,28 68,75 233o31 0 284146 o25342i ··· ---- ,084276 ,075163 o369422 ,328584 · 
64 0 67 ,.16.22 35.81 68,44 233,31 0 ?.84146 o253427 ,084276 0 075165 ,3684!2 ,328592 ~-
641&7 -8,54 35,30 68,11 233.31 ,?.84146 .253433 ---· ,084276 ,075166 .368422 ,328599 '"~ 
64o65 •6.87 34o76 67.76 233•3\ o?.84146 •253439 ,084276 o075168 .368422 o328607 
-64.62-- .. s.t9 ---··-·34,19·-···-67,4o -- 233.3):·--·,?.84146 ·····253446·----,oB4276-------,o7Sl7o --------.369422-------- ,328616 ------- c;... 
64.56 •3 15?. 33o58 67o02 233•31 o?.84l46 o253452 ,OR4276 .o75172 .369422 o328625 
64,49 •1,86 32.93 66.62 233o31 .284146 o253459 --- · .084276 ·- o075174 .368422 ,328634 ...C 
64.40 •

0
21 32.25 66.21 233o31 ,?.84146 o253467 ,084276 .o75176 .368422 ,328643 

64,29 1.43 31,54 65,79 233.31 .2841_46 ,253474 ,os4276 .o75179 .368422 ,329653 _,.. 
64,16 3o05 30o79 65o35 233o31 o.284l46 o253482 ,084276 e075181 ,369422 o329663 """"' 
64o01 ·- -· 4

0
66 ·---- 30o00 ---- 64o90 --- 233o31 .. -· .~84146 ···---- !253490 ··· ·----·· ,084258 ------ o075168 .. ------·- o368404 -- ---.. -- o32B658 r 

63.85 6 0 25 29o19 64o44 233•31 t?.84l46 •253501 ,084176 o075098 .368322 o328599 ~: 
63 0 67 7 0 83 28o33 63o97 233•31 .~84146 •253512 o084092 o0750Z6 ,369238 o329539 _ 
63.47 9

0
38 27.45 63,49 233.31 ,?84146 .253523 .oa4oo7 ,074953 .368153 .32B4?7 t: 

63.26 10.91 26o53 63oOO 233o3l .~84146 o253535 o083919 o074B79 .3680~5 o32B413 
63o03 12 0 41 25o58 62oSry 233o31 ,~84146 •253547 ,083830 ,074802 o367976 o328349 ~ 
62o78 · ·· 13,89 --· 24o60 ----- 61o99 ·- 233o31 ·--.284146·-----,253559- -.083739------ o074725 --·----· •. 367896 ------ o328284 
62.52 15.35 23o5A 61.47 -;.33o31 .'~84146 o253S71 .083647 .074E146 .367H3 .328217 1 0 
62.24 16.78 2?..54 6o.95 233.31 .284146 ,253583 ,083554 ,0,745&7 .3677oo ,329149 o--
61.95 18,18 21,47 60 0 41 233.31 .284146 .253595 ,083459 0 07448.6 .3676Q5 0 3280~1 '-{' 
61o65 19.55 20o37 59o87 233•31 o2B414& •253608 o083363 o074404 o367SQ9 o328nl2 
61.33 20.90 19.25 59.33 233.31 .284146 .253621 ,083266 o07432o .367412 ,327941 
61.00 ..... 22.22 . . 18.09 - - 58.77 233.31 - .• 284146 ----- • 253634 ----- • 083167 ------ • 074236 - --- .. • 36 7313 ·-·---- • 3279 7 0 
60o65 23 0 52 16o91 58o22 233o31 o284146 o253647 ,n83068 o074151 ,367214, o327798 
60

0
30 24 178 15.71 57,65 233.31 ,284146· o253660 -- 0 082967 0 074066 ,367113 ,327726 

59.93 26,02 14,48 57,o8 233i3l .~84146 .253673 .o82866 .o73979 .367Dl2 .327652 
s9.55 27.23 13o22 56.51 233o31 .?84146 •253687 .o8276J ~07389~ .366910 ~327578 
S9,i6 28,41 11.94 55 0 93 233o31 · ,?.84078 o253638 ,082618 ,073765 ,366696 o3274o2 
58.7~ 29

0
57 ·· 10o63 · -- 55o34 233o31 · ,283523 •253142 ----· .082168 ·'-----·- o073363 ---·· ···· .3656~1 - ·---- o326506 

58
0

35 30
0
69 9 0 30 54 0 76 233o31 0 282965 o252644 ,081714 o072958 .364679 .325602 

s7.92 31.80 7,94 54.16 233,31 .?.82402 .252141 .oB12SB .072551 .3636~0 .324692 
57,49 32

1
87 6o56 53,57 233o31 e281836 •251636 ,080798 o072140 o362634 o323776 

57.o6 33,92 5 0 15 52 0 97 233o31 1 281127 --- o251008 ,080338 ,071731 ,3614~5 .322738 
56,,1 34,95 3,72 52 0 36 233o31 0 278030 ;248327 ,079910 . ,071373 ~357939 ,319700 
56,i9 35.87 --··- 2,38 ···- 51,81 - 307o49 -- 0 181131 -,165175- -,052792 ------·.048142 ·---------- ,233924· - -----·· ,213317 
55,81 36,69 lo14 51o30 516•42 tl35153 •126671 o037441 o035091 ,172594 o161762 
55,41 37,49 359,89 so,79 827o93 ,066575 !064911 ,014839 .014469 ,081414 ,079380 



TOTAL. FliGHT DOSE FOR SOLAR MINIMUM C0N01TI6NS • 

TOTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS • 

• 

C~ARGEO P4RTe . 
GAMMA RAY 

NEUTRONS TOTAL. 

2~7~359. o80S93 3o5~952 MIL.LIREMS PER FLIGHT PROFlL.E 

2,45099 ell987 3el7086 MILL.IREMS PER FLIGHT PROF~L.E 

,27436 o08059 o35495 MIL.LIRADS PER ~OUR AVG, DOSE I FLIGHT PROFILE HOUR CSOL.AR Ml~'• t ----····· .. ------·· ··---·---- ·····--·--·----- ---
AVG, DOSE I F'.LIGHT PROFILE HOUR (SOL.AR AVCht • 
AVGo OOSE I BLOCK TIME HOUR CSOL.AR MINIMU~~ • 
AVGe OOSE I BLOCK TIME HOUR (SOLAR AVERAGE~ .. 

.2~510 

.26767 

.n7i99 
o07863 

.ii7ii23 

.31709 MIL.LIREMS PER ~OUR 

e34630 MILLIREMS I CB~OCK TIME!) HOUR: 

o309j5 HIL.LIREMS I CB~OCK TIME~ HOURt 
······· ·-·· .. ·- ·-·--- ------- --·- ... ---------· ··-- .•..... -----_____ ..:.•.::..23:912 - --·· ---- -------·········- ····-····-·--·---··-·-·---· ----------------

LEG B~OCK TIME • PROFILE TIME • 6o25 HOUR~ 

------------------- ·------· 

.. .. 

--------------------· 

I 
...J 
0 
.. 



.• 

~ 

NEW YORK to RIO DE: JANEIRO SUBSONIC rLIGHT IOe83 MACH) 

SC~EOUL.E BLOCK TIME ON ONE WAYCHRS)• 8e8 

RATE OF CLIMaCrEETIMIN)• 2000•000. 
. . 
CRUISIN~ ALTITUOEcrEET)s 3&000 RATE oF DESCENTCFEET/MI~)• 2006eOOO 

-·cLiMB_l~G GROUN ·- SPEED"CMILES/HOUR) •4S7.oo ---·cRUISING· SPEE5 C14IL.E5/HOUR) • 548e60 --DESCENDING GROUND SPEED CMILES/HOUq•) •457•00 ------

FLlGHT ALTITUDE AND DISTA~C~ ~ROFIL~ IN 1/10 HOUR INCREMENTS, 

ALTITUDE -.. -~------·- . ------------------------------------ ---------·-----
12000 24000 36000 
3&000 36000 36000 
3&000 36000 360oo 
36000 36000 36000 
3&000 --· ·--· 36000 ___ .__ .. 36000 
3&000 36000 36000 
3&000 36000 36000 
3&000 36000 36000 
3&000 36000 36000 
36000 36000 36000 
36000 36000 36000 

DISTANCE 

45.70 45,70 45,70 
5i,86 54,86 54o86 
54,86 54,96 54,8() 
5i,86 54,86 54o86 
54,86 54,96 54,86 
5~,86 54,86 54.86 
54,86 54,86 54~86 
54.86 54,86 54,86 
54,86 54,86 54,86 
54,86 54,86 54,86 
S4e86 54.86 54e86 

TOTAL INPUT PROFILE DISTANCE • 

36ooo 
36000 
36000 
3&000 
36000 
JOOOO 
36000 
36000 
36000 
3&000 
J6ooo 

54,86 
s4,86 
54,86 
54,86 
54.86 
54,86 
54,86 
54.86 
54,86 
54,86 
54.66 

36000 3~000 
3&000 3~000 
36000 3~000 
36000 3~000 
36000 3~000 
36000 ---- 3~000 
36000 3~000 
36000 3~000 
36000 3~000 
36000 3!,QQO 
36000 24000 

5it,B6 
54o96 
54.~6 
54o'36 
54o96 
54,86 
54,96 
54.96 
54.96 
54.86 
54.86 

54,96 
54.86 
54,96 
54,96 
54,96 
51.,96 
54,96 
s4.96 
54.86 
~~.96 
4s.7o 

4172•72 ShTUTEt MILES 

36000 
360QQ 
36000 
36000 
3600Q .... 
36000 
36000 
36000 
36000 
36000 
12000 

36000 
36ooo 
36000 
3600il 
36000 
36000 
3600o 
36000 
36000 
36000 

0 

54.86 54,86' 
54o86 54o86 
54o86 54,86 

· 54oR6 --- ·· 54,96 · 
54o86 54,86 
54,86 54,86 
54.86 54,86 
54.86 54,86 
54.86 54,86 
54e86 ·--- S4e8~ 
45e7o 45,10 

FLIGHT PROFILE TIME • 8•80 HOURS IN THE AIR . - ~-- - ...... . . -- -· .... ··---------------···-----·-······- .. ····---- ·-·-·- -··---~---·-. ··-··· ·····-----------~-------·-·-··----·-----~-···· ............ . 

' . 

I 
....] -I 

r'"' 
'""' 

c .. 
c. 
(,,.,: 

~ 

,... 
·-.lO"· 

t. 

c 
~ 



COMPUTED GREAT CIRCLt LEG DISTANC~ a 4773o2 THE INITIAL COURSE ANGL~ • 148o800 

LEG START LATITUDE • 40o63 

·L~G ENti LjttTUD~ •. •22oOO 

LAT. LONGo COURSE 
ANGLE 

GEOMAGo 
LA To 

LEG START LO~GITUDE • •73!77 

'LEG EN~ LoNGITUDE • •42o36 

AT~OS, 
DEPT!i 
GR/S~, 

eM. 

CHARGED PaRTICLES AND GAMMA~ 
OOSE RATE IMRE~S/HRI 

SOLAR MINe SOLAR AVG• 

NEUTRONS 
DOSE RATE IMREMS/HRI 

SOLAR MIN, SOLAR AVGo 

TOTAL! DOSE RATE 
DOSE RATE (MREMS/HQI 

SOLAR ~l~~ SOLAR AVGo 

40o35 •73,55 150o40 51o80 827o93 o066621 •064957 ,014974 oOl4599 1 081SQS o079556 
39.78 •73ol0 150o86 5lo24 516•42 oi35152 •126670 ....... oo37422 o035073 .172574 o161743 
39,21 •72,66 151,32 50,68 307o49 o181131 ol65t75 ,052264 1 047660 ,2333;5 .212835 
38,59 •72,19 151,91 so.o6 233.31 .~662o2 •239074 ,079275 ,o7ooo4 .344477 .3o9o79 
37.99 •71.68 152o33 49o39 233•31 o262679 •235424 ,077091 o069093 ,339760 o304506 
37.20 -· •71 1 19 ---152,84----48,69 ---- 233oj1 -- ,?.59137 ---- o232702 _ ;;075814 -.o69104 ---· ,334951 -----,300896 
36 1 51 •7Q.70 153,34 48oOO 233o31 ,?.55578 o230114 ,074542 .o67116 .330120 .e97229 
35.92 •70,22 153,93 •Ho31 233•~1 o?.52003 · ------ o22Ht9 o07J265 ·· ....... o06bl17 ,325268 ,293536 
35•12 •69,75 t54o31 46o62 233•31 o?.494)3 •224699 o071982 oo65ltO o3203~5 o299So7 
34.42 •69.29 154.78 45,92 233.j1 o?44Bo9 •221951 .o7o694 ,064093 .3155o3 .29&043 
33.72 •69,83 155.24 45.22 233,31 ,?4il92 •219178 ,Q6940l .063067 .3105~3 ,292245 
33.(;2 •69

1
39 ----155.69 ... 44o52 .... 233o~1 .... o237562 ------ •216391 '-----.ob!I103 ---- o062031 --------- .3o5b&S ------ o279412 

32 1 32 •67 0 94 156 1 13 43,82 233o31 .~33920 o213559 ,Ob6802 o060987 ,300721 o274545 
31o62 •67 1 51 156o56 43oll 233o31 o230266 --------- o2107ll o065496 .oS9934 ,2957!11 o270&45 
30.91 •67o08 1S6o98 42.4~ 233o31 ,?26600 •207840 ,064186 .058872 .290796 o266712 
30.20 •66.66 157.39 41,69 233.31 .222925 o204945 -- .01>2872 .os790t ,2857~7 .2&2746 
29.so -66.24 157.8o 4o.9a 233.~1 .~19239 .202026 .061555 .os&722 .2eo794 .259749 
28.79 •65.84 --1s8.t9 ..... 4o<27 --· 233•~1 --- ·~15544·---- •t99o94 ------.o~>o234 ------ .os563.--~---- .275778-------.254718 
29.o9 •65.43 158.58 39,55 2i3o31 oZ126o7 ol96796 ,058946 o05447o .271453 .251266 I 

27.36 -65,03 158.96 38.83 233~~1 .210121 ,194896 .o57417 .os3257 .267539 .248152 ~ 
26o65 •64 1 64 159o34 38o11 233•~1 o?.07631 ol92982 ,055985 o052035 ,263616 o245017 I 

25o94 •64o25 159.71 37.39 233•31 ol'0513S ol9105S ---·--- -.054550 .050806 · .25~694 .241S60 
25.22 ·63~87 160.07 36 1 67 233.31 o202633 o189114 .OS3tl2 1 04956~ 1 255745 .238~82 
2•.51 -63.49 ·· 16o,42 ----- 3S.9s--·· 233,31 ·--·.2oOt27------.18716o ----.o51671 _____ .o48322 ·-------- .251798 ------.235482·--
23.79 -~3.1( 16o.77 35.22 233o31 ot97617 ol95192 .050227 .047069 .247843 o232261 
2~.01 •62.74 161,11 34,56 233o31 ,t951o1 ---- ol93211 ,048781 ,045808 .243892 .22~019 
22o35 -62 1 37 161o44 33o77 23jo31 oi925B2 •181217 o047332 o044539 o239914 o225756 
21 1 63 •62

1
01 161 1 77 33o04 233o31 ol90058 -----------·179211 ........... ,045881 1 043262 1 235939 o222473 

20.91 ·61.65 t62.to 32.31 233.!1 .i87531 ~177191 ,044427 .o•t97e .231958 ,219169 
20o19" ..... •61

1 
29 -- 162.41·---- 3to58 .... 233o h ·-• i84999 ---·175158 -----,042972 ------- o040b86 ---------.227971 ------- o 215944----

}9.47 •60 1 94 162.73 3po85 233.31 .i82465 ol73il3 .041514 ~ .039387 .223979 .212500 
18.75 •60 1 59 t63o04 3a.t1 233o~1 oi79926 ------· ol71o5S .040055 o038080 ,219991 o209135 
18o02 •6o.24 163.34 29o38 233•~1 o}77679 o1691S9 •039122 o037246 o21680l o206406 
17.30 •59.9o 163,64 28.65 233.31 .175483 · ------- •167288 ,038286 .o3649B .2137!19 .203786 
)6.57 •59.56 163.94 27o91 233o31 oi73285 ~165409 o037449 o035747 o2}0734 o201157 

·---·ts.es •59.22 . 164.23 --21.17 233o31·----.171084 ol63523.. ,036612 ______ .o34993 --·------- ,2076~6---------- ol9B516--
15.i2 ·58.88 164.52 26.44 233•31 o1688Bl •161629 .035773 o03423T .204654 .195865 
i•.4o -58.55 164.81 25,7o 233.31 ,166676 --------- ;159727 --··- ·· ,o34933 ,o33477 .2ot6o9 ,193204 
}3.67 •58.22 165.09 24.96 233.31 .\64468 ;157818 ,034093 .032715 ,1985!11 ,}90533 
12.95 -57.89 165.37 24.22 233,31 ,162258 ,155902 ,033252 ,031949 .195510 ,187951 
i2o22 ·57.56 t65,64 23,48 233o3t o160U47 •153978 o032410 o031181 .192457 ot95t60 
1lo49 •57,23 165o92 -- 22.74 -~ 233o3t·-----.157833 ---·o152n48 ·------,03}567------· -- o030410 --·-·-· ,199401 ··- ---.182458 
l0o76 •S6o9i 166ol9 22oOO 233o31 oi55618 •150110 ,030724 o029637 ol86342 oJ79746 
1o.o3 ·56.59 166,46 2t.26 233,31 ,iS34ot ------- ·,148165 - ------- ,U2'~88o ,o2886o ,1832~2 ,t77o25 
9.3i •56.27 166,73 20o51 233.3.1 o}51183 ol46213 ,029036 o02B081 olB02iB olH294 
8 1 !;8 •55 1 95 166o99 19o77 233o31 o149151 ---- · •144415 ,028378 o027477 ol775z9 o171992 
7.85 •55,63 167.26 19o03 233o31 o147539 •142976 .u28139 o027269 ,175679 ol70245 
7. i2 •55.31·---- 167,52-----1!1•28 --- 233• J1·--·i459z7----•14t533-------:-,027901 ------- o02706t -------·ot738z8 ------- •168594--
6,39 -54,99 t67 ,78 11,54 233,31 ,144314 .14o086 ,o27662 .oz&85z ,171976 .166938 
5,66 •54,68 - 168.04 16.79. 233o31 ·-- ol427oo---------- •138636 .. --------.o27424 .. .... ,026643 ,170123 .,}65279 
4o93 •54,36 168o30 16o05 233o3i ol41084 •137183 ,027185 o026433 o168269 o163616 

~ 



:,. 
'< 

4,20 •54,05 168,56 15,30 233o31 ,i39469 o135726 ,026946 ,026223 ,166414 ol61949 
3 0 47 •53,73 166,82 14o56 233o~1 o\37852 •134266 ,0~6707 o026012 ol64559 o160278 
2o74 •53,42 169oOB l3o8l 233o31 o]36235 •132802 ,026467 o025B01 o162702 e158603 
2o01 •53,11 169o34 13o06 233o31 e134616 ;131336 ,U26228 o025589 ,160845 ol56925 
1,28 •52,79 169,60--12,32 233o31 -- 0 132998 -------- .129866-------,025989 ---- ,025.377- ----- ,159997 --------,155242--

.55 •52 0 48 169,86 l1o57 233o31 ol31378 •128393 ,025749 e025164 ,157128 o153557 
•,18 •52,17 170o12 10o82 233oJ1 ,}29759 •126916 ,025510 o02495i ,155268 o151967 
-,91 -51,86 170,36 1o,oa 233.~1 ,12Bi38 .125437 ,o2s21o ,o24737 ,1534~8 .1soi74 

•1,65 •51,54 170,64 9 0 33 233e3l o1278S& ------- - •125214 ---------,025090 o024572 ,15294& ol49786 r= 
-2 0 38 •51 0 23 17o,91 8,58 233o~l o\27724 o12Sl33 ,r);4917 o024412 ,152641 o149544 '"--' 
-3,11 - •So ,92 - 17lo18 ---- 7,83---- 233,31 -.--, ]27592 e125o5f·----~- • 024744----- • 024252 -------,152336- • H9303 
-3.84 •5Q,60 171.45 7o08 233.~1 .127460 ·124969 ,024571 o02409i ,152031 .i49060 . __ , 
•4,57 •5i),29 171,72 6o33 233,31 oi27328 ---- •124887 ,024398 o023931 ,15i7~b ol4B918 
•5 0 30 •49,98 171o99 5,59 233,31 .i2719b •124805 ,024225 .023770 ,151421 ,H957S C 
-6,63 •49,66 172,27 4 0 84 - 233o~1 o127064 ---- ;124723 ---- ,024052 o023609 ,151il6 e148332 
•6 0 76 •49,34 172,55 4e09 233o31 oi26931 o12464l ,023879 o023448 ,150810 o14BOB9 C' 
-7.~9 -49,o3 112,84 -----3,34 233,31 ---.126799- ··124559 ------- ,023706 -.o23287 -------.150505 -----.147946 -
-8,22 •48,71 173,13 2,59 233,31 ,i26&67 •124476 ,023533 .o2312& ,150200 ,147602 G 
-8,94 •48,39 173,42 1o84 233o3l ol265]5 ;124394 ,0~3359 o0229&4 ,1498~4 o147358 ~ 
-9,67 •48,o7 173,72 lo09 233o31 o1264o3 o12431l ,023186 .02280~ ,149599 o147114 

•iO.~O •47 0 75 174o02 ,34 233,31 o126270 o124229 ,023013 o022641 o149293 o1469&9 -~ 
•1l.i3 -~7 0 42 174,33 0 41 233o31 ol2b2B2 ~124236 ,023028 o022b55 ,149311 o146991 

--11 •. 86 -41~10 174.&5 ---1o16 233o3l--ol26414 --~1243~9-------- .~23202 ------,022817 ------ ,1496i& -------,147136 ._, 
•12,58 •46,77 174.97 1o91 233,31 ol?.6547 o12440l o0~3375 o022979 ,149921 o1473BO 
•13

0
31 •4&

0
44 175,30 2o66 233o:h ol2b679 o124484. ---- ,023548 o02314Q ,150227 e147624 (. 

•14.o4 •46,11 175,63 3o40 233.~1 .126811 •124566 ,o23721 .023301 ,150532 ,147967 
•i4~76 -~5 0 78 175o98 4ol5 233o31 oi26943 •124648 ,023894 o0234&2 o150838 o148111 F-
•}5049 •45

0
44 176o33 4o90 23Jo31 o127075 o124731 ,0240&8 o023623 ,151143 o14B354 ""-• 

-16.22 •45,10 176,69 ------ 5,65 233o~1 - ol272o7 · ~124813 ------,(124241 ·------.023784 ------·- ,1514i.8 --------,148597 
.. }£.,94 •44,7(, l77o06 6o40 "'-'33o31 :127340 o124895 ,024414 o023945 ,1517S3 .148840 1 ......:_ 

•17,66 •44 0 42 177,44 7,15 23],31 0 127472 o124976 0 024587 ,024106 ,152058 ,149092 ~ 
-i8.~9 •44,08 177.84 7,<ro 233.j1 ol276Qit ;12505~ ,0247&0 .0242&6 ,152364 ol49324 \.N [\.:, 

•19ol1 •43,73 178o24· 8e65 233o31 ol27736 •125140 ,024933 o024426 olS26~9 o149S66 1 

~i9.e3 -43,38 178.66 9,39 233.31 ol27868 ;12522i ,025106 .024586 .152974 .i49907 
-2o.49 •43,o5 179,os -- 1o.oa --- 3o7.!9 ---- ,o95566- -~09357i ,016864 ______ ,016512 -- -------- ,112430 -------- .uoo8~ ----
-21,o9 •42,75 179,42 10,70 516,42 ,o74462 o073318 ,012108 ,011922 ,086570 ,085241 
•21,69 •42,45 179,8o 11 0 33 827,93 .... ,(141563 - ------ e04l30l. .004858 o004827 ,046421 o046128 

' - .. . .. ~ ···- -·- .. -

--------------···-----~-·- ·-·-·------------·~--



TOTAL FLIGHT DOSE FOR SOLAR MINIMUM CONDITIONS • 

C"IARGED PART, 
GAMMA R6Y 

NEUTRONS TOTAL 

TOTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS •· 

1.43420 

1.36099 

o33158 

t31292 

1•76578 

lo67391 

AVG. DOSE I _FLIGH! PROFILE HOUR !SOLAR Ml~.l • ____ .16298 ______ ! __ 03768 _____ .20066 

AVGe DOSE I FLIGHT PROFILE HOUR (SOLAR AVG•I • .15466 o03556 ·19022 

AVGo DOSE I BLOCK TIME HOUR !SOLAR MINIMU~) • .15847 e03664 e195ll 
• -- ----~·-· ---·- . 

---~VG, DOSE_/_ ~L~C~---~-~fo1~--~-I?-~~_J_!Q_~~-f! __ A_~~~-AGEI • ,15039 e03458 . ol8496 

LEG BLOCK TIME • PRDFILEj TIME • Oe2S HOURS: 

MILLI~EMS PER FLIGHT PROFILE 

MILLIREMS PER FLIGHT PqOF~LE 

MILLIRADS PER "lOUR 
- ··--------- -

MILLIREMS PER "lOUR 

MILLIREMS I IBLOCK TIME1 HOUR 

MILLIREMS I !BLOCK TIME) HOURt 
-----------------·-------------

----------------------------------------------------------------------------·-· 

·I. 
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-J 
~ 
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r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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