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CONC: A SNOBOL4 Program for Generating a Selective 
Concordance from Short Texts 

Introduction 

The program CONC will generate easily and flexibly a selective 
concordance on up to 50 words using relatively short texts. Because the 
program is written · in SNOBOL4, it takes almost ~O seconds of IBlv1 360/91 
CPU time to process a sample of about 15,600 words. Although a more 
efficient program could be written in machine code, the SNOBOL4 program has 
the important advantages of being brief, clear, and capable of being run 
on any of the several types of computers possessing a SNOBOL4 compiler. 

A concordance is a dictionary of principal words and immediate context 
as they appear in a given document. A selective concordance is limited 
to words selected by the user. To generate a concordance two main 
activities are necessary: 

1. The text must be scanned and compared to the list of selected 
words; 

2. Each successful match must trigger storage of the matched word 
and the words surrounding it into the right place in an 
appropriate data structure. 

Algorithm 

Scanning and comparison with CONC can best be visualized as done with 
a template and an attached list. The list contains the words chosen by 
the user for concordancing. These are called select terms. The template 
is fifteen words long and slides along the string of input text. Over 
the eighth word of the template is a window. The select terms in the 
attached list are compared with the word appearing in the window of the 
template. Figure 1 schematically shows the template. Viewed in these 
terms the algorithm for generating a concordance is exceedingly simple: 

1. Compare the select terms with the word in the window of the 
template. If there is a match, the 15-word string under the 
template is stored in a list corresponding to the select term 
matched. If the end of the text string is detected go to 3. 

2. Advance the template one word along the input string and go to 1. 

3. Print the lists of concordance strings and halt. 
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Thus, scanning is done by sliding the template word-by-word along the 
input string and successively comparing select terms with the word in 
the template window. 

Implementation of this algorithm in SNOBOL4 uses its pattern-matching, 
concatenation, and data features. The select terms are read in and combined 
into a pattern used for comparisons made by the SNOBOL4 pattern-matching 
facility. A successful match occurs when the select term is the same as 
the leading characters of the word in the window of the template. Thus, 
the select term "ASTRO" will match "ASTRONOMY" or "ASTROLABE". If upper 
and lower case are both used, "ASTRO" will not match "astronomy" nor will 
"astro" match "Astronomyl!. To account for differences in capitalization, 
it is necessary to use both I!astro" and "Astrol! as select terms. Fortunatel y, 
the way the lists are named facilitates the use of different forms of 
select terms, because the lists, defined by a DATA statement, are named 
by either a select term or a string of select terms. 

This last point needs explanation. It may be desirable to generate 
a single concordance list for a number of closely related select terms, 
e.g. sun, star, solar, stellar, astro, rather than a single list for each 
select term. CONC permits the user to do this by the manner in which he 
prepares the cards from which select terms are read into the computer. 
All select terms appearing on the same card will be concord anced into a 
single combined list. The number of cards containing select terms determines 
the number of lists. To distinguish cards containing select terms from 
cards containing text, the first card of input data must have punched on it, 
starting in column 1, the number of cards containing select terms. If we 
choose, as in our example, to produce a single list then the first card 
would be 

and the second card would be: 

SUN STAR SOLAR STELLAR ASTRO 

Alternatively, we might like a concordance which distinguishes the sun from 
the stars. We would then use as our first input cards 
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STELLAR ASTRO 

SUN SOLAR 

2 

The ability to build combined lists also means we can easily scan for 
closely related forms of a single term. For example, we might wish to 
search on 

astro Astro "Astro "astro 

1 

to be sure of including in our concordance all the equivalent forms of 
words beginning with the letters a s t r o. (Actually CONC ignores 
leading double quotation marks, hyphens, and left parentheses.) 

The number of select terms is limited to 50 by an array size specified 
within the program. This dimension could easily be changed. A more 
practical limitation is that if a large number of select terms is used, 
the pattern matching will take unduly long. It would then be good to change 
the program. After reading in the select terms and naming the correspond
ing lists, the select terms should be put in alphabetical order so they could 
be located by a binary search thereby eliminating the need for time consuming 
sequential searches. Alternatively, if the user has foreknowledge of the 
frequency with which select terms occur in the test, the matching time 
can be shortened by putting the most frequently occurring select terms 
first in the input so they appear early in the sequential search. 

The text of the document to be concordanced is read in on cards 
following the cards listing the select terms. As noted before, the text 
can be in upper or lower case with any punctuation marks. Each word must 
be preceded by at least one blank or a double quote. These symbols are 
used for breaking out individual words from the input string. The only 
limitation on the length of the text is the running time, which is proportion
al to the number of words in the text. 
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Upon completion of the scan, compare, and sort portion of the program, 
control is shifted to the output portion. The complete contents of the 
individual lists are printed in the order in which the lists are defined, 
i.e. in the order in which the select terms are read in. Each list is 
titled by the select term or combination of select terms used to generate 
the list. The output is arranged so that the matched word is centered 
in the page; then the river of white running the length of the page makes 
it easy to see the principal word. 

Example 

The conceptual structure and function of CONC are summarized in the 
following diagram and hand-made example. 

CREATURES AND EMITS COHERENT RADIO WAVES 

THE SOLAR SYSTEM CONTAINS LIVING 

KNOWN ASTRONOMICALLY AS A CURIOSITY BECAUSE 

I SAY THE SUN, A MINOR STAR, IS WELL 

. (ASTRO STAR 

CUN SOLAR 

CONC generates two lists, called SUN SOLAR and ASTRO STAR. Repeated applica
tions of the template produce folU' matches as shown in Figure 1. The 
resulting concordance strings are stored in their corresponding lists to 
produce the final list structures shown schematically in Fig. 2. 



SUN I SOLAR I ASTRO I STAR 

----

* * * * * * * I SAY THE §" A MINOR STAR, IS WELL KJlJOWN ASTRONOMICALLY AS A CURIOSITY BECAUSE THE SOLAR SYSTEM CONTAINS 

LIVING CREATURES AND EMITS COHERENT RADIO WAVES * * * * * * * 

SUN I SOLAR I ASTRO I STAR I 
* * * * * * I * I SAY THE SUN, ~ MINOR I STAR, j -IS- WE- LL- KJlJ..!..-O-WN--AS- TR- O-N-O-M-IC-AL- L-Y- A- S- A- C-UR- I- O- S-I-TY-'! BECAUSE THE SOLAR SYSTEM CONTAINS 

LIVING CREATURES AND EMITS COHERENT RADIO WAVES * * * * * * * 

I SUN I SOLAR I ASTRO I STAR 
-----'--

* * * * * * * I SAY THEI SUN, A MINOR STAR, IS WELL KJlJOWN IASTRmfoMICALLY IAS A CURIOSITY BECAUSE THE SOLAR SYSTEM I CONTAINS 

LIVING CREATURES AND EMITS COHERENT RADIO WAVES * * * * * * * 

SUN I SOLAR i ASTRO I STAR 

* * * * * * * I SAY THE SUN, A MINOR STAR, IS WELL KNOWN ASTRONOMICALLY AS A CURIOSITY BECAUSE THE I SOLAR I SYSTEM CONTAINS 

LIVING CREATURES AND EMITS - coHERENT I RADIO WAVES * * * * * * * 

Figure 1. Diagram of four template positions at which match succeeds and 

the string under the template is stored. 

\Jl 



I SUN SOUR ;£3 ASTRO STAR I :3 J 
~-.--- ---

[ **** I flAY ;~ SUN, 13 J 
------' 

[ * I SAY THE SUN I A MINOR... I ') 
~~ 

KN"OWN ASTRONOMICALLY AS A ... [ S;;,-~INOR STAR IS WEIJ,. • . I I ] 

~_7 

c==== ---=r .... --. --- -- .. . J 

Figure 2. The final list structures generated by CONC from the text and 
select terms shown in Figure 1 

0'\ 
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The Program and the Template 

With perhaps two exceptions the program is adequately documented by 
the comments distributed through it. These are given in the appendix. 
Further explanation of the template and the buffered input is necessary. 

The template is constructed as part of the pattern Pl. Because Pl 
is complicated, the pattern and its bead diagram are shown in Figs. 3 and 4 
in order to illuminate the following discussion. 

Pl = SUCCEED TAB(*STRT) (~Sl (B I (*GT(S2,SS) REM) $ STRl 

ABORT) (tiJ STRT B B B B B B2 @JS2 (PAT $ T2) B B B B B B B B 

$ STR *INSERT(STR,T2,Sl,S2) 

Figure 3. The Pattern Pl which contains the 
concordancing temPlate 

Figure 4. Bead diagram of the template pattern 
given in Figure 3. Name assignments 
and Function arguments are not shown. 
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Let us discuss Pl by reading it from lett to right assuming initially 
that no element on the tep roYf ef the bead diagram fails. We will discuss 
the alternatives later. SUCCEED is null and always matches; we will see 
later why it is needed. TAB(*STRT) tabs to the position given by STRT. 
Since STRT initially is null, the template first lines up its leftmost 
edge at the fir&t werd in the input string with the winQOYf ever the eighth 
word. TO' compensate for tbts, the pregram add s seVen dummy wore 6 '* , 
to the front of the input .string. Thus, the template be.gins with the window 
over the first real word ef the string. 

The pattern B2 uses BREAK(' -') to skip a word and SPAN(' "_(') to ignore 
blanks, quotes, hyphens and left parentheses. The patterns B =BREAK(' " SPAN(' ,) 
simply skip from blank to blank; consequently each symbol or string surrounded 
by blanks is treated as a word. The quantities (jJ Sl and @J S2 store the 
values of the cursor position at the corresponding two points under the 
template. The values are used to test for the end of the input string and 
to pad out the concordance string so that it will look nice when printed. 
~ STRT stores in STRT the position of the second word under the template. 

This is a crucial step, for it is to this point that TAB will move the 
template the next time it is used. STRT is the parameter by which the 
template is advanced one word further along the input string. 

The' pattern PAT centains the select terms which are compared with the 
word in the window. Assuming the match succeeds, the select term is glven 
the name' '1!2, the eighth word plus. 7 more are stepped off' by the string 
of B's, the entire 15 word string under the template is called STR and then 
STR, T2, Sl and S2 are passed to the function INSERT. 

INSERT pads STR with sufficient blanks to center the eighth word in 
the output string and then stores the string STR in the output list to which 
T2 points. 

Upon return from INSERT, Pl is successfully completed. Success causes 
reentry into the statement using Pl. By means of the value of STRT 
a 'ssigned in the last pass through Pl, TAB moves the template one word 
ahead and proceeds as before. 

If, as is likely, PAT fails, the pattern scanner backs up to look for 
alternatives. The first alternative to be inspected is the pattern 
( *GT(S2,SS) REM) $ STRl ABORT. If there is more input to be read, SS is 
the size of the present input string STRl less lQ4 characters. If S2 is 
greater than SS, i.e. if the template is within 104 characters of the end of STR1, 
this pattern flushes all of STRl up to the position given by STRT which 
leaves seven words plus abeut S2 characters, and then ABORTS and reads in 
more input adding it to STR1. 

If there is no more input, SS is the size of STRl less 18 characters. 
~cause the last 17 characters are dummy words to enable the template window 
to cover the last actual word of the string, SS represents a point on the 
string past the first letter of this last word. When S2 is greater than SS, 
all words in the input string have been scanned and the pattern aborts. 
This time, since there is no more input, the program switches to OUT, 
where it prints the output lists and halts. 
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Usually *GT(S2,SS) will fail, thereby driving the pattern scanner 
back to look for further alternatives. It is important for the functioning 
of the template that Pl's needle back up and come through TAB again. 
If there were no alternatives this would not happen because Pl would simply 
fail. SUCCEED provides dummy alternatives to force backing up. SUCCEED 
acts as an infinite set of NULL alternatives. Consequently Pl's needle 
backs up to SUCCEED and reenters the pattern through the next null 
alternative. As the needle goes through TAB, the value of STRT assigned 
in the last pass is used. The effect is to advance the template one word 
along STR1. Thus PAT compares the select terms with the next word which 
now appears in the window. 

With the template drivel." Used in this program, failure can only occur 
at or near the end of an input string snn. Because the IBM/ 360 implementa
tion of' SNOBOL4 limits maximum string length, the input has to be read in 
as a succession of input strings. 

This is done by building each input string successively from the 
contents of 68 cards plus 104 characters and 7 words from the preceding 
input string. Assuming 72 characters per card, the resulting string length 
could in principle exceed 5,000 characters by the length of the 7 words. 
However, all input is trimmed of trailing blanks as it is read, and there 
are usually enough of these so that it is extremely unlikely that string 
over£low will occur. 

Arter a string is bUilt, it 1.6 P!'·()ce.ssed b,y the telIlJllttte. When it has 
been scanned, a new' string is built if there is any PlQre input to be read. 
If' liO input, remains, the program pr-ints the output lists and halts. 

Timing 

A succession of runs in which the number of select terms was varied 
from 1 to 20 shows that on the 360/91, run time increases linearly oy about 
19 msec for each additional select term. 

The scanning algorithm produces a linear search along the string. 
Comparing the length of time to process a sample of 4900 words with the 
time to process 15600 words, it was found that run time increases linearly 
at about 4 msec per word. 

The amount of CPU time consumed also depends linearly on the number 
of successful matches. No measurements were made of this dependence. 
Under normal circumstances storage time should be only a small portion 
of the total duration of the run. 
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Changes and Improvements 

The user might wish to increase or decrease the template size. 
Insertion of removal of a B on the left or the right of PAT will lengthen 
or shorten the corresponding side of the template. 

The present program is easily adapted to tape input. The st at ement 

INPUT( . IN ,5,72 ) 

need only be replaced with 

INPUT( .IN,8, 72) 

and the appropriate control card added. In OS/360 this would be 

//FT08FOOl DD DSN== TEXT, DCB== 

(RECFM==FB, LRECL==72, BLKSIZE==7272, 

BUFNO=2), VOL=SER= * * * * * 

If more select tems are ,.,antoo, one need only change the size 
of the array T(50). The program haSi been tested and debugged for 28 select 
terms. When many of these are used, it is to be expected that not only 
will the search time in PAT become long, but the storage overhead for 
the output lists will become large. Probably many select terms and a large 
text would require buffering of the output to avoid exceeding maximum 
allowable storage. 

The present buffered input is inelegant. The overlap between 
8u€cessive input strings is established assuming that the input is never 
going to be closer than 7 words to the maximum string length of 4896 
characters. Because input is trimmed of trailing blanks and because 7 words 
represent only about 50 charaoters, overflow is unlikely. However, it is 
])001' practice to use an algorithm which de,:pent)s upon the probable form of 
the input. This portion of the program needs improvement. 
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For many purposes it would be convenient to print the number of 
the page from which the concordance string is taken. This could be done 
at the cost of making Pl more complex and increasing processing time 
somewhat. Alternatively, the sequence number of the card from which the input 
is read could be used to identif.y the text. This would be simpler and 
faster than page number, but would make the principal document the 
listing of the cards rather than the text itself. 

Summary 

1. To run on IBM/36~ use customary SNOBOL4 job control language. 
CONC has been debugged and tested using version 3 of SNOBOL4 , but 
it uses only features also available in version 2. (A sample of JCL 
suitable for running on the SLAC system is given in the appendix.) 

2. Place CONC immediately after the J CL. 

3. The data cards go in as part of the program deck. Do not 
separate them out with a /*. 

/ 

a) First data card should be a single integer which is the 
number of data cards to follow which contain select terms. 

b) The next cards contain the select terms. Concordance strings 
corresponding to the terms on a given card will appear in the same 
output list. They wi:l be in the order in which they are met in 
the scan through the text. 

c) The rest of the caros are the input text. It may be in 
any form with any punctuation. Word s must be separated by 
blanks. 

.f* 
Fig. 5 .,/ T EXT / 

( 
(am. s..m. Siar rolar Star star astro Astro 

r--

( ener Ener 

~V (2 
1-

/ CO N C / 
( ~ 

JCL 

1---

- / 
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The result is an assemblage of cards as shown above. Using as 
a text rv 1500 words from Henry Adams' essay "A Letter to American 
Teachers of History" and the depicted input cards, we obtain the sample 
results shown in the appendix. 
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Appendix 

CONC was applied to '" 1500 words of Henry Adams' essay "A Letter 
to American Teachers of History." This material was in upper and lower 
case so the select terms were chosen to get capitalized as well as 
uncapitalized words. 

There follows a list of the JCL used, a listing of CONC, the input 
cards and a sample of output. SYSOUT=D was used to print upper and 
lower case. Consequently output is delayed a day. SYSOUT=A is much faster 
and entirely satisfactory in most cases. 
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IIJUt1 LIB UD DSN = SYS 2.P RO GL lfi,DI::;jJ=(:iHr{,P~S ),UNIT=2314 
II EXEL P M=S~OBO L4 

0001)0200 
00000300 
OOOOll!:>OO 
000:)0600 
00000700 
00000800 
00000900 

II FT 0 6F OO l uD SY SUUT=A, C b='LR E Cl=13j,dLKSIl~=]4~8,RUF~~=2,R · C F M=FB\., 
II S jJ AC t: = (T K, ( 100, 5 C ~ ) 
II FT 0 5F00 1 LD * 
- LI ST l E f T 

INPUT (' INP UT', 5,72) 
if. FU IC TI O-i OEFl rH TIlJi'JS, Kt::Y,JORU PA RAr-'t: H:kS, CU i'-J$T AN TS MW 4R.r~l\YS 00000100 

00000200 
00 000300 

* 
* 
'" 
* 
* 
* 
* 
* if. 

,.. 

* 
* 
* 
* 
* 
'" 
* 
* 

* I\: 

'" 
'" 
* 
* 
* 
* 

* 
* 
* 
>I' 

* 
* 
* >I' 

* 

DE FI NE ( , I ,\J S R r ( S T R , T 2 , ~ 1 , S 2 ) , ~ 

I ! ~ St: f{ T IS USED Ir~ THE TEi-1PL A TE P~TT E RN T PAL; UUT A 
CUNCU DA,\jCt STR I NG wITH LA NKS,PLAC E IT I i'l THt 
APPROPR I AT E OUTPUT LIST, NO CHECK WH ~ T HE ADJITI ONA l 
CAR. OS I~ EED TO BE REA '. 

00000400 
C0000500 
00000600 
00 OO'J 7 00 
00000800 

1;~PuT('I.~,j,7~~ 00 000900 
THIS SrA TE 1ENT FAC.ILITATES ,=ST~(jlISHI I ~(j A LO\:;I CAL I NPUT 0 0001000 
UNIT FO R ThE TEXT, JISTUICT Fk)M THE [;~PUT UNlT ON TO WH IC li000011 00 
TH E SEltCT TERM S ARE RE AD. TH f:N IF THE US ER WANTS TO 00 001200 
RE4D HIS T EXT FRO M A TAP~, HE SIMPLY RE PL AC ES THI S 000u1300 
$ TA T f. ME NT 1<1 I THO 0 00 1400 

Ji'J PuT ( • r ,J , tl , 7 2 ) 0 0 00 1 500 
ArW INS ERTS IN Hk JCl (FUR OS/3(0) THE FU ll JWl~G: 00001 600 
IlfTC8t=OOl [;U DS I'4=~'*~',() C B=( R E CFM=FB,lR E Cl= '72, B lKS!Z E =7272 00001100 
BUHIO= 2 ), VCL=SER=**'*****>:' 00001 BOl) 

JUTPUT('PAG ..: ',6,'( AU' ) 
USED I~ PRl~T I N G UUTPUT LISTS T~ STA RT EACH lIST ON 
A NEW P4GE. 

& MI)( .. t- 'J r-~ = 1 
BL AN KS = , 

USED ~3 A SUPPLY OF BLANKS ~8R PA DDI G CO NCOR DANCE 
S TI{ 11\1 GS 

w = 'R T5 ' 
Sf rs VAlU UF lAB EL S THAT ~m E N UNE IrJPUT STRING HAS 
BEEN PR OCE SSED , MORE INPuT WILL BE Rt AD ~ N D ANUTH~P 

::)fRING c m ,IS T UC TED . O,JLY ~JH E N INPUT FAllS hIll '~ BE 
CH ANG D. 

T = ARRA Y(50) 
OEFW ES AR RAY USI::: D FO ' cn, S TRUC Tlr~G PATTER N CON TAI NI NG 
SEL ECT TEkr-1S AND FJk L'HTIAllY St; TTII~G UP JUTPUT LI ST 
S TR UC TUR E S • 

CAT ~". L I Sf( ,WO E , L I~K ~ , ) 
DEFIN ES ,)AT A TYPt FUk cu;,Jsn~ucrrOJ OF UTPLlT LIST 
S TRUC TUR. ES • 

62 = BRE AK(' -, ~ SPAN ( ' "_('1 
d2 IS A PAT TERN USING B LA NKS UR HY PHE S TO BR EA K OUT 
I.WIV!UUAL WU OS FR OM A ~Y G IV E; ~ STRI NG. fHE ClJNC ORLJAN CE 
G NERA TO R ~ILl DE TECT PARTS OF HYPrl ENA TEO WORDS A WE LL 
AS WH(JL E ~WR s. SP AN CAUSE S CONe TO IGNOR E l EA DI NG 
DOUHlf QUOTAT IIN MARKS OR A LtA0nlG P4I{ENT HE SIS. 

00 001900 
00002000 
C0 00 2l0U 
0000 2 200 
00002300 
(10002400 
00002500 
00002600 
0000 2700 
00 002 800 
00002900 
00003000 
00003100 
0 0 003200 
0 000 3 300 
00003400 
00 00 -~ 500 
0000 3 6 0 
00 003 700 
000038 00 
0 0 003900 
00004000 
00004100 
00004 2 00 
00 00 430J 
O()004400 
0 000 4500 
0 0 0046 00 
00 004100 
00 004800 
00004900 
000 0 5000 

B = OR E: AK (' ') SP A,'J(' ,~ 

B SK I P S F R m 1 l AN K TO B l A ~ K. C 0 ~ SEQ U E T l Y I A ,j Y 
00 0 0 5 100 

PUNCTUA TI ON ,000 5200 
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* 
* 

H AR KS SURR CJUNOELl BY BLANK S WI LL aE CDutiT EO A S SI • .iLL 
fiUROS. IF 3L .. fE R E .j SeD TH ROUG HULJT P 1, THE I PUNC TUA T IO N 
MARKS ~W ULU b E IGNLJ RE D . IF SP AN( I ') WF. RE RE PL AC ED BY 
SIMPLY • " RU NN ING TI M WO UL O B::: RE DUC E BY 10% oUT T HEN 
N I~UlTIPU: RL AN K S wUIJLlJ BE READ .45 N-1 W kDS OF 1 OL AN K 
cACti. 

S Tk l = '. * * * * * * I 
PLACES 7 DU MMY WORU S AT TH~ FRO NT JF TH~ Te XT INPUT 
S T li\lG 

* EADS I~ G DUPS OF SELECT Tt RM$ FR M WH ICH P,TTERN IS FC RM ED 

* 
* 
* 

* 
* 
* I NP 1 

* 
* 

* 
>Ie 

* 
* 

* 

P = T f\ I M ( PI PUT) 

N -= 1 

P IS THt: it (Jf II'IPur CARDS wiTH SELt:C T TER r-,S CN TH EM; 
T ERMS l'I1AY BE GROUPEu TOPIU,LLY GJ FACH CI!.R • 

I NITI ALIZ ES N WHIC H CULJ NTS THE NUMBE R OF SEL~CT TER MS 
ArW I EXE S rHi:: ELEMEN TS uF THf ':'RRAY I,ITU 'fiHICrl TH '::Y 
ARE PLAC ED. 

II = LT(Ll,P) Ll + 1 :F(PAT) 
Ll CUUHS THE CARDS CJNT,l..hlI N~ ScL c C T TERM S 

STR = T~IM(I~PUTl ' , 
tH = S TR 

SAV ES STRING 0f SELtLT TE RM S FROM CARD JUST READ TO 
~LACE I N FIRST CELL UF UlJTPLJT Ll ST STkUCTURf:: ru SE v ;:. 
AS TITL I: l.~ OUTPUT. 

* dRf AKS CGI S~LfCT TERM S T BE LSEO I N MA TC HING. 

* 
RPTl STR (BREAK(' '). r(N) sp:.r·j(' I)) = :F(RPT4) 
* 13 EAKS OUT I ID IVIDUAL SELECT TERt1S F RUN n-I':: LAST 
* CAR D k E AD AND PLAC e S THtr-: 1,'1 THe ,~~R<.\Y T 

* 
* * SE TS UP CO MM N LIsr NAME FOR GRUL~ OF SiL ECT T~RMS 0 

$ T (f'l> = a 1 
N = N + 1 

R. P T 4 1: ( ' i'~' $ T (N - 1» = LI S T ( $ T (N - 1>. 
t. ( , H ' $ T ( N - 1> I = $ ( '1"4' $ T (;~ - 1> ) 

* MAK ES eACH S EL-CT TERM IN A GIV E N GRJUP, 
* REF EREfJC E TO THt: S"" ME LIS T S TK UC TU R E . 

* 
'" • I rt: ATIVEL'y CCNSTRUcrs PATTE RN T BE US EU It-. MATCril :'IG 

* PAT M -= N - 1 

* 
* 

PAT = T(1) 
N = 1 

PT 2 N = L r ( , ;1) ;\j + 1 
PAT = PAT I T(N) 

r::flCH CARD 

:(RPTl) 

:(INPl) 
AN I ND IR ECT 

:F(RTO } 
:(f-.Pf2} 

0000')300 
00005 400 
00005500 
00 005600 
00 00 5700 
00005800 
0 0005900 
00 006000 
00 006100 
00006200 
.. 10006300 
00006400 
00 0 06500 
0 0006600 
00006700 
OD006800 
00000900 
00 007000 
oa007100 
000 0 7200 
00 007 300 
00001400 
00007500 
00007600 
00007700 
00007800 
00007900 
00008000 
0 0008100 
0000 g200 
o 008300 
C0008400 
00008500 
0 0 008600 
00003700 
OOOOdHOO 
OO()Oo900 
00009000 
00009100 
00009200 
00009300 
ao 009400 
GO 009500 
00009600 
00009700 
OOOU9300 
00 U09900 
OOOlOOOO 
00010100 
00010200 
00010300 
00010400 
00010500 
00010600 
00010700 
00010800 
00010900 
00011000 
00011100 



* C m~ S l RUC T I O N UF THE PATT:::R ;'J ~HllCrl SERVES AS THt TEt·1PL.~TE 

* RTO 
• 

>0< 

>I< 

>I< 

:;,: 

101 

* 
* 
>0< 

'" 

Pl = SUCC EE D TAB(*ST RT) ( ro Sl (J I (*GT(S2,S SJ EM ) $ ST~l 
AtHJ~ T J @STR T B ii R B B b2 @S2 ( PAT to T2) B B B o B B B S) $ STR 
*1 RT (ST R,T 2 ,S1,S2J 

FOR A FULL EXPLA~ATI ON SEE CGT M # 91. T0 INC RE AS E 
THE, Ur-IB ER OF ,WO DS If~CLUD ~D HJ TH E CONCURCANCf. STRING, 
SIMPLY ADO MORE B'S TO THE PATT E R~. A'S' TO TH~ RIGHT 
UF STRT WILL ADD A WORU TO THE LEFT HALF UF THE 
CONCORD ANCE ~TRING; A 'B' ADDE D T THE SE RIES UF 'B'S 
T TH E RI GHT UF PAT AOJS A WOR D TO THE RIGHT HALF OF THE 
CONCOR UANCf STR ld G. 

* I NP UT OF STRI NG UF TEXT Tu BE CC~ CO R D A~CEU. 
>0< 

'* LlMIfATIOi"! UF STkING SIL E l ' ~ 1t1'i 1360 IfJPL EMEN TATION 
* OF SN BU L4 TO 5000 CHAk AGTERS, EQUIRtS THAT I NPUT BE 
* tJUT I -nO A SEJ UE, C£: OF 1:'jPUT STRInGS. 

* R.TS ST RT = 
:;,: I I TIALIl ES CUWSUR PUSIT l uN TU a FOR - ACH SU CCESSIV E 
>I< STRIIJG OF IN PUT. 
>I< 

>I< 

RTl 

'" 
'" 

s r 1\ l = ::; T R 1 r RIM ( I :~) , , 
L L .: L T ( L l , 0 d " LL + 1 

COUNTS CARDS uf INPUT TEXT. 

LL = 1 

:FC RT4) 
:~( R Tl) 

R A S 69 CA RD S FI~sr CYCL E. 

R s ~r~ LL Te 1 SU LAf ER PAS SES THRUUGH THIS LUUP RE6D 
O'JLY oti CA RDS. 

SS = SII~(STRIJ - 104 :(~T2) 

SS I~ TH E STRI G SIZE USED TO TEST WH EN ~ RE I PUT SH OU LO 
BE kE AU. Tht 104 ASSUR ES PROPE R aV E LAP BET~ E: N TH E E ~Q 

OF THIS I NP UT STRI NG AND THE I ~E XT. A N E~I I NPUT STRI NG 
W ILL B CON ST U C rEf) W HEN THE 0 L 0 0 IIJ E HAS BEE I S CA N ED T J 
WITrll~ APP ROXI MATELY 104 CH~R A C TERS OF ITS END. 

KT4 ~TRI = STRl '* * * * * * * * , * ADOS DU r-1MY riO DS TO E~D JF TEXT Sf) THE WIND OW OF TH E 
.. TEM PLATE: Cl\l\I EACH ThE LAST RtAL WO RD I N THE STR I IG. 

* 
*' 
* 
'" 
* 

io/ = 'i.JlH' 
WH t iJ THE INPUT FAILS, Q IS SET TCJ 'UUT' SO THAT fl N THE 

l;XT FAILURE DF Th: T ... I'1 PLAT E DRIV~Ht OUTPUT WILL BE GL . 

55 : SllE(Sr ~ l) - lti 
SS I S TH · STR ING SIZE LESS 18 TU IG NORE THE 8 DUMM Y WOR DS 
PUT 0 T HE I: ~ LlF TEXT. WH E 4 Sl IS GT SS, THE LAST WUR D 
O ~ TH E r ~ XT H~S BEEN SCAN NE D. 

.. SCA NtK MW TEMPLATE URIVE R 

* kT2 & fUlLSCA~ = 1 
KT7 ST R. l P1 :F( $Q)S ( RT7l 
* DR I VES TEM PL AT E AL ONG sn l.'-l lJ ; ODE S COMP ARI SO NS ; AN HY 

00011200 
00 011300 
00011400 
00011500 
00011bOO 
eo 011 700 
00011800 
l)U011900 
00012000 
00012100 
00012200 
00012 300 
00012400 
00012500 
00012600 
00012700 
00012800 
OU012900 
00013000 
00013100 
00013200 
00013300 
00013400 
00013500 
00013600 
00013700 
00013800 
OO tH 3900 
00014000 
00014100 
00014200 
00014300 
00014400 
00014 '500 
000146 00 
00014700 
00 014BOO 
00014900 
00015000 
00015100 
U0015200 
0001~30 0 

00 015400 
00015501) 
00015600 
(J001:>700 
00015800 
00 015 900 
00016000 
00016100 
0001{o200 
0 00lb300 
00 01 6400 
00016500 
00016600 
000 16700 
00016800 
0001 6900 
0001 7000 



THt:: F-l.HJCTIOiJ 1;'ISU'.T, HU.S OUTPL.;T LISTS, 1"·:='STS F(J~ 

fUj{THER I r~ PUT AND If- Nl:::CESSAkY PREP ARES fOf{ HALT. 

~ PR INTS ~LL UUTPUr LISTS IN U DE k 

uUT .'J = 1 
[. t- U L L S C Ai'J = 0 

~PT b ~ : ~ + R 
* N I suS EO T [) If' I lH: X T H t: 1\ K R.;.\ Y E l t ;'.1 E: ,H S tJ HIe H I Nu 1 R I: C T L Y 
'" KEF t:R HI Tt-:E IJ r1ES UF THE· INDIVI!JUAL LI STS. BC:Ct"lUSE 
~ StVERAL S0CC ~ S~IVE AkR AY ELEMEN TS MAY REF~ R TO TH~ SA ME 
* LIST, WI:: CCUNT THIS I-.lU I'1BER , C ALL E D k, AF TER EACH LIST 
* IS t'KIHEI), AW TH Etl wE INCRE~~E ~H I '~ 3Y R TU FIND Th': 
'" I"~XT ARR AY EL H IErH ),~HICH POINTS TU t"lNOTHE R LIST. 

"PTj 

* 
* 
* 
'" * 

K = Lt:("'l,r-n :F( i:d Uj 
I~ IS THE TUTAL NUM BER OF S[-:LFCT TEr MS KEGA'{OLE:)S OF 
l>RUUPI NG. Wh a, N IS INCk E r-1ENTED BEYOND i-l, OUTPUT IS 
CO I"1PL Er E ;... JD Th E PROGRA~1 ·NoS. THI S STAT _Nt NT ALSO 
Se TS R TU 0 PR P R TURY TO CUU:HII-JG THl 'IUI'~Ht:R ()F 'iELCCT 
TEKMS IN T~~ LIST 

PAGt= '1' 
TUKNS t\ PAGE EFutU: START{;~G TO PRINT 4iF W LIST 

t. ( , I'~' 1> T < r~») = $ ( , H' l> T < N) ) 
UuTPUT= , ~LlDE (~'( 'N' $T< .-.j») J 
OUTPUT = 
$( 'f\j' ~T<iJ» = LIrlK($('''' $T<N)J) 
IO E ~T($ ( 'N' $T<N»)) 

TH E L 1S T IS CALL E D AND ITS C;]i\lTE 
EVE RY UTHER LINt, UNTIL AN EM PTY 
LIST. 

:F( RPT S) 
TS PP,I ;-J P: O SKIPPING 
CELL IS cOUND IN TH E 

* CnU1tTS # UF Si:LECT T~ " ~S Ii~ TrWICAL GROUP 

r\ P T 7 $ T (joj ) B = :F(F-.PT6) 
:(I=:PT7) F<. = ~ + 1 

* ~VALJATES R FOR TH~ LAST LIST PRI~TED 

* 
* * TI1IS FJNCTICN IS US ED OY TH E TE MPLAT Tll P AD CtJNCOkO;:dC.E STRI NG S ~ilTH 
* BLANKS SU Tt-~ OUTPUT LGOKS NIC~, TU ASSIGN THESE STRl~GS TJ THE 
* PR PER U0TPLT LIST, AND TO Te ST IF MU RE TEXT NFE DS TU BE Rt AD, A D 
* WH ETh ER ALL THe TEXT HAS OEEIJ REA O. 

I NS lR T 
l\: 

* 
* 
kT6 

* 

RR = 60 + Sl - S2 
C LCULATES THt:"U ~1 Ek Jf bLA·\jKS FOk PADUli~G 

RK = LT(F<'K,O) 0 
ElU~4KS Lf:N(Rk) • LPAD 
STR = LP~O STR 

CHtCK S TO BE SURE ,'JU MB t:K. Of PAOOPJG BLA !'IKS I S NO T LE SS 
THAN 0, TH EN B E KS OUT RR BLA~KS AND ADDS TH ~ M TO TH E 
CO CU RDANC E STRI~G. 

00011100 
00017200 
00017300 
OU 017400 
00017500 
00017600 
00017700 
00017000 
00017000 
00018000 
000103 100 
00018200 
0001d300 
00018400 
U0 0 1B500 
00018600 
0001H700 
00011800 
000ltl900 
O()019000 
()0019100 
00019200 
0001 930 0 
00019400 
C0019500 
00019600 
00019700 
00019800 
0001 9 900 
U0020000 
00020100 
0(;02U200 
00020300 
00020400 
0002Q500 
00020600 
00020700 
000208UO 
00020900 
00021000 
U0021100 
00021200 
00021300 
00021 (tOO 
00021500 
C0021600 
00021700 
00021800 
000;::1900 
U()02200U 
00022100 
000222()O 
00:)22 '-300 
uo 02 240(j 
00022500 
0 0 022600 
UO 022700 
00022800 
00 022900 



", 
* 
* 
* t NU 

LINK{!('N' $T2~} = LIST{STRJ 
$ ( • i ~. 'i> T 2) = L I "K ( $ ( • 1'-1· $ T 2' ) : ( RET U R r-J ) 

THI:: P uDtU CCNC OR LJ NeE STRI G IS THE I'! ST.JR':u I i'l THE 
APt> op, I Aft: LIST. 

OlJ 02 3 0 0 0 
00023100 
00023200 
00 u23300 
00023400 
00023500 
00023600 



2 
ener cn el:" 
sun Sun s olar So a r space pld e t rt Ed rt ast ra Astr o 
) U The Prob l e ) ULL 
) P The mec hanica l t heory o t the un iverse yov erned t ysica l sci nc fo r 
t h r ee b undrl2d yea t· s . Dir:ect ly succ~edin the theo logica l sc hmo of a 
univ ~ se elisti ng as a unit y bl the wi ll at au i nf i ni t e a n d etGrn a l 
Cre ato r, it affi c med or dbsum~d tne un i ty and i nde~truct i b i lit y 
of o r c e o r: En e rgy, as a s cic tit ic dogma o r: Law, wn i' h was calle d th e 
La w of t h e Con e rv tion f .wr.-Ij Y. Un r t i s Law t he q uant i ty at 
matt . r i n t un ive r se reud Lned iovaria l l a ; th su m of [ov e e n t 
[' main d co tnt; e r g was i ndest ruct i lJ l e ; "n oth in j was dd .d; 
r.ot h in':j as l os t ;" not i nC] w s c r a ted, notn i ng ' .. a~ J.est roy e • 
) P To \Ii a r d s the mi d d I e () f t. e fl i net e e n the e n t r ~/ , - t h cl t i:.:;, ii tJ 0 u t 
1850, - a n ew s choo l of hy -icis t s a ~pe a r ed i n E ur o~e, datin~ tro m 
an Essay o n the iot iv. Po er o f He a t , uu l ished by Sa d i Ca ~ u ot i n 
18 2 4, aTI 1 , ad ta. mO lls by 11(> laIDes or it? ill i am Trc[ts c [ , Lor d Ke _vin , 
in Eng lan d , .1 1 i of Cldusius :lIld e ml olz in G rm an , ~ho announ c d a 
s e cond l aw of d yna ics. 'i'h _ f irst law !:'a i d t ha t En e r<j¥ was lIev e r 
lost; t e sec ond sa i d tha t i t was neve r s a v ed ; th d t , whi l e t h sum 
of ene['g y in t he uni Ve r se: mi g!" t rema iI c onst allt, - ';i r a ti ng t hat 
t he ull iver was a cl.ost:d Lo f r om w ich lIothin y c ould Esca pe , - tth' 
hi ghe ~ o W.r at ene r~ y tended alwa ys to tal l lo wer , a n d that t h is 
rocess hdd no kn ow n li mi t . 

) P The sec o nd l aw wa - Lrie t ly st at ~d 1) y , o mson in a [,dEer " On a. 
Uni veL"-,al .n. e ncy i 1 Na tu[' e to t e Di ss i pa tion of Me c l an ica l e r gy , 1l 
P 1I b I i _ e d in Octo '-'" [', 1 t:l5 2 , which i s r; 0 ~j as c I ass i Cl S KepI L' S 0 e 
Newtor· s La ws , a n \li t as !le Ct:: s r y to a [;ci e ntitic education. 
Quot ed e a ct y rom Tn o m n ' s liMa emat ical an d Ph SiCill Pa er s " 
(Canbri d ge , 188 2, Vo1. I, 1 4), t he La w ot Di ss i pa ticn runs t h us: -
)P "1. The r e is at llr:es ellt in the mdteri a l \oio1:1J a universa l t e n ency 
to the dis ' i a t ion ot ill chan ical ene r g y. 
) I? " 2 . Any restor at ion ot m~~c hanica l e n e r ljY , !'fi t lout [HOLe t.h a n an 
e ~ u ivalent of diss i pat i on , is i pos si b l~ i n in a imate mater i a l 
processes , and ' s Jro bab l y ne ve r etfec t d b y means cr o r ga ni ze d m t t er , 
Ei tl [" en o y;,~ d wi t h veg etable life or sUbj .cte d t o t he wi l l of an 
dniffidtu creatu ["3 . 
) P "3 . Wi th i n a f i nit pel. iod of ti e p as t , t he Ea r:: it !Oust have be en , 
and iit' in a ti n it8 e ri d 0t t i me to come , t he Ear th must agai n b , 
unfi t to r t e h ab itat i n of mdn as at resent const itut Ed, unless 
o era ti ons h a vd b e n, o~ arc to be pe rtoe ed , wh ich dre i mposs i b le 
un d e r the l aws t o wh ich t be ~ o wn o peeati ons ]o iny a n at pr:esent ir 
t he mdt eridl wo rld, a r e ~ u bject." 

) P ~Jn el th i s YO l 9 m.:iU ot twellt y- ei9h t t hu s tos ~ e t I e un iv er se i n t o 
the asb - h a p , e w sci (~l1 titic aut o["iti e s took h i m s€ Liou sly; b ut afte r 
t he fir t gas/? or su pris phy." i cists bega r to g ive: li m q ualir i \2d 
sul! ort wh i ch soo n Decame a ls olut e . "This conclusi on lJIad muc noise ," 
says Ostwa l J ('IL'Ene r 3 i e ," a r i s , 19 10) ; lithe mor e be c,'l.use I e l mh o l z an 
Cla usius Yclve in th eir ad ere nc e t i t. w~ o we to the lat te r: t e 
toll oltliny fo r mu la: 'T le Ent r o p,! of the UrLi.vl:!["S2 te nds t cw clul a 
rnaximul:l. '11 To p h ys i cist., th is l aw vi En tropy b Ecdrue " a .[' odi g io u- ly 
abst r ac t concep tion , c co~ding t o t he fawi liar ph r.l s~ at M. Vo i ncaro ; 
but to t n e v ul T r d nd ign £ d ut his tor-i n it meallt on l y that t 
ash- neap ItI 5 c o stan t ly i ncreas in; i~ s i ze ; whil e t e pub lic unJerstoo d 
little a n cileed l ess a 'o ut En t r: o py, d d t he li te rar:y cla, 's !< n c ··J on ly 
that t he ew t onian Ilniv el ." , in whic h they haJ Ll ee ll c ra d l ed , admittefl 
110 l oss of t)nGr -}y if 1 t he soL.lL" system , whe r e the f-l ane tc: , it t th e e nd 

f tl .i [' lanc tary years, e e turn ed ex a ctly t o the i r p o s ition- at t e 
beginni ng . Gea vi tation s.owclli 0 was te ot ene r gy w tever , ex e pt 

00 0 JOlon 
0000 020 0 
00 000 00 
0 000 100 
0 0000200 
0000 03 00 
00 04 0 0 
0000 SO O 
00000600 
00000 7 0 0 
00 00800 
000 0 90 0 
O()C01U() ) 
00 00 l10 () 
O OOU 1 ~OO 

000 1 300 
0000 1400 
OO () 0150() 
0000 1 OLl 
0000 17 00 
0 0 0 180 0 
000 0 1900 
0 0002000 
OO OOL 100 

0002200 
0 00 02 J OO 
0000240 () 
000 2 500 
00002600 
0 0002. 7 00 
OOOOL8 0 0 
000 02900 

Ou l 3000 
o 0 3100 
C Ul)3 200 
o )OU33 0 0 
0000 J4 00 
0 0 0 0350 
0 0 0 03600 
00 003 700 
)OO OJHo n 
0000390 0 
000 04000 
OOO U4 100 
00 0 04 200 
0 000 4300 
0 000440U 
000 4 500 
0 0 004600 
0000 70 0 
000U 4000 
000049 00 
00005 0 00 
00005 10 a 
00 0 _ 200 
on005JO 
00 0 05 400 
00005500 
0000560 
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w e r:e fri c tion ClCCUr: [" ('! , b ut ha d pid e ts go e o f r li K cU lIle t s , an d (lOO :'700 
nev r: ~ etu r:ndd , t he schol a r of 186 0 o uld still ha VE fe a r: e d to 00 0 058 00 
que ti n t hE> s cienti tic d o grna whi ch .~ ser: t e d r- e s cl utel y, wi thout 0 000 590 0 
~ualit i cdt i on, t he fact tnat nothiny in n ature was l ost . I f no at h r: 0 0006000 
ass ur an c e had at i sf i e him , al l d ou bt s w r e silenc e d by t h . fam ous 00 0 10 0 
out urst uf e lo uenc e .. itl wh i c . Ty n a ll cunc l ude d tli s L ct uLe i 1862 , 00 0 06 20 0 
on liB a t as a Mod e of ('j ot ion ." Uld . Ol e n Cdn 3till r ecall ho w, af t e L vO OO 30 0 
eXl?lainin ~ t ha t " the qu a nti ty or th e s olac bea t int e Lce te d ny th e 0 000 04· (1 

€a L" th is only 1/2, 300, 00 0, 000 o t t he tot a l rad iatio n ," Tynda ll r e fra. i ne dO OOO SOO 
fr:o m te l l i ng ,,, bat eca rne o t t he ne at no t int erceptEd by the e a rtl, anrt 00 006 0 
wen t on to e x a tiate li i t h c t.lusias m 011 the unit y ot t he uni v r se a u d 00006700 
i t ene rgy : - 0000 80 0 
) J? II 00 at th e i nt e .:JTa ted ~ ner tJ i 8 s o f Ol1r world , - t.hQ st r e d P OW p.c 000 6900 
of our cOdlt i e l d~ ; - our wind s a nd ri ve l S ; - our fi e. t s , ar mi es a nd 0000 700 0 
gun s! Whd t are t hey? T e y a re al l ye nE[at e d by a for tion ot t he 00 007 100 
sun' s € l erg y which does Dot a o unt t o 1/2 ,3 0 , 0 0 0,0 00 at t he who l e . 000 0720 0 
Thi s , i n fact i s t l e e nt ire f r a c ti on a t th su n 's Lo rc e i n t er cep te d 00007 00 
by t he .aL·th , a nJ ill [8 a li ty we c o nvec t but a s mall fL'd.ct ion oL t , is 00 0 07 40 U 
tractio i nto Pl chanical e ne r H _ Multi Fl j'i ng all cur- p owers by wlllion :::00 007 S0 0 
or mi l lions , we Jo no t e ac h the su 's expend i tu r . J n d, st i l l, 0 000 7600 
notwi th st an d ing tii s e nor ou s d rai n , in the la pse c t hu man h isto ry 0 00 U77 00 
we dre uUd o le to de tec t di mi n ut i on oi b i~ sto r e . 8dsur J b y our 0000 7 00 
lar ges t t · rrAs trial standar , uch a Lese r voir cf fow e r: is i n t in it ~ ; 000 7900 
but it is our privilege to r i se abo ve t hese st a ndar ds , and to regard th eOOO OUOO O 
sun himself a: a s peck in i n r i n i te e xte ns i o n, - ~ IT Er. d ro r i n the 000 08 1UO 
univer sal se a. w ~ dn lyse t e spac in wh ich he i s i mmerse , an d which 00 0 08200 
is t he vehie l or li s powe r. We pass to ot ne r sys tems an d other suns, 0 000 300 
e ach pou rin ~ toeth e l er y i k ou ~ o wn, bu t stil l ~ i t c ut inEri geroent 0 00 B400 
of the la i cn re ve I s i mmu ta bilit y in t he mi d Gt or Chang e , whi c h OOOOH50 0 
recognis e s incessant tr anste rl..:nce an c onve rsion, t ne it he r fi na l 00 008600 
ga i n nor: 10 5 . This l aw 'j eo e ri1 lises thE ap bor is m ct Sclomoll , t Lat. 00 0.OB 70 0 
there i s llo tnin 'J n ~w uu de r th e sun , b y t Cdchi 9 IJS to d",tect 00008 80 () 
ever yw he r e , und er its i nr illi t e va rl. t y of a pe a r-d uc es, t hE? S a lU E.~ OOOOR900 
pr i mevd l rorc t.~ . To na t ur e oUtiug call te ,.uld d; fLo m natur e uothing 0000 900' 
can be t a e n d wa y; t he su m ot h eL" ener ias is const ant , a J t h ut most 0000 9 100 

an ca n "0 in t he purJui t o.t physi cal tru t h , or in t he a pp l icatio n ot 00 0 09 20 0 
physic a l kaowl""d lj e , is t o shirt the constitup. nt s of t he ne vE" c- va cy i ng OOO' )g3 00 
tot al, an d o ut ot 0 110 of tIl ~lll to torm a no t he r. he l a w ot c o s er vil t. ion 00 009400 
r i g id l y excludes bo th c r ea t io n and nnibilation. Wa ves may change to a 009500 
Li p ples and r ipp l e s t o wa ve , - mag nituJe ma y be su bsti tut ed f or 00009600 
num be r, au d num be r for ~agn it u d , - asteroids ma y a gg r:eg a t~ to s uns , 0000 7u O 
suns ~ay reso lv e t hemse lve s io t o f lora e and faunde , a nd f lo r ae and 0 000 800 
rau na e me lt il air, - t he lu x c f ~ower i e t cr na l y t e same. It 000 gO) 
rolls i n mus ic t h ro ugh t he a ges, and all te rr .s t ria l e nerg y, - th e 000 10 000 
manir es tations or li t e as wel l as t he d isp l a y of ph en oID e n , are but 0 00 10 10 0 
the mod ulations ot i t s chy t [1]. " 0 001 020 0 
) P This mag isteria l t one i r ri tate d S OID E 0 - the new physic i ~ ts to top 0001 300 
point ot hin t ing t.ha t Ty dal l d t!! l i b e r at eI J' mi s st atE d t he I a cts of 0 001 ' 40 0 
p ysics , [OC re ~r l e s t _orne one shoul d dr iv e him in t o a lo g ica l s nare , 00 105 0 0 
en ing in t he neces s i ty o t dmitt ing a Cr e a _ion. In f lat co ntradi c t io~ 0001 060 0 
to Tyndal l, K l v in a nd ai t attir me d thiit "th e samE l' rirne val t or:ce" ')00 11)7 00 
c ou ld n e ve e d t ec t d , - much less r eco ver: e l; t hat · I na t url'-!' s 0 00 108 00 
en e L"Ji s ~e r e -lowly convert i ng the s Iv ~ i nt o heat an d van i shing 0 00 1090 
in s pace, un t il , dt the l as t , noth i n g wou l d te I e t e XCEpt a dea oc an 00 11 000 
o f en r g y at its 10 we s t 0 S s ib 1 e 1 e ve 1 , - say 0 f h tat .3 t 1 d eg r eO 0 0 1 1 1 0 0 
Cent i y r ade , oc -272 Jc gcees c. t e l ow tn E treez i ng ~cint of water, - 0 0 11 200 
an d incap dL le o r doi ng a n wur k whatever , s inc e \<101: k could l, e don e 000 113 00 
only by d fal l o f t ension, dS water does wor k in fall i llY to sea-l e v 1. 00 0 11 400 
) P B twe e n s uc au t ocitie _ th e u ns c i ent if ic s tu den t ccu l d not 000 11 500 



i nt e r fe ro. N tural l y , a ll his SjWPdt i e we e wi t h ynca ll. The i dea 
th a t th e e n t i re s i de r .al uni v_ r se could ha ve one n r o r e t erni ty 
di s s i pd ti n ene r g y , a\d ne ve r r es to r i ng i t , seerne , at t he l eas t, 
unr easollao l e ; wh i e the dst ono e r s d r ew up l ists at n€l: ul ae h y 
hu ndr eds in t ne ver y act of ~enera ti n~ un i ve r ses , a n - the ~ ol o g i s t~ 
S 0 ' er e th e t heory wi th rocks in o r der t o s ho w t ha t t he s ~ n had 
a 1 r Ed d y r e a c h d a a tJ rna n y t i ill e s 9 r ~ atE [" t ha n T h O rn s on was ' il l i n 9 
to all o w it. 
) P ,10 0 11 e x n e \II , a 1 t ho ':J \c! V ~ r yon e e x t' 1 a i ll Ed w h d t 11 a d c a u s d t h -
ineq ua l ities o t e nergy ; l ea t o f a ll c oul d t n ni s tori an o f Hu ma n 
soc i et a s s e r: t or rieuy t h t e ner y co ul be cr: ea t eCl or: could not. be 
dest roy~ d . he sub j ect was be yon i s fr:o vi nce . S i nc e the Ch urc h 
had l os t its a uth ori ty, the hi storia n' s ti e i d had s h r urk irlto narro~ 
limits o f [i90 ( 0 ly hu man c tio n ; u t, s t~ i ctly i t hin t . os e li mi t s, 
De was clea r tha t t h en~ [ gy ~i th whic h h istory had to ded I ca ul 
not be r edn c u diLe c tl t o a rr ecna ni cal O ~ phys i c o- cherr ic 1 pr oc S5 . 
He wa." t r e fo re obliqed e i tl le r to den y t ha t s oc lul e . e r y was ar 
~3e r y a t d l l ; or to asse r t tha t it VdS a r en e r g y i ndep nden t of 
physic a l la ws . Yet hO T CO li j he den y t hd t s oc i a l ene rg y wa s a t ru . 
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