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A NOTE ON LEAST -SQUARES FITTING 

OF ATOMIC-BEAM RESONANCE CURVES 

Henry B. Silsbee 
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University of California 

Berkeley, California 

March 26, 1957 

ABSTRACT 

UGRL-3723 

A routine is described for fitting bell-shaped curves to data points by 
use. of the IBM 650 computer. 
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An objective criterion is desirable for assigning a "best" resonance 
frequency to the data for counting rate vs frequency obtained from radioac ~ 
tive atomic-beam experiments. 

Under idealized conditions - which are not met in practice the line 
shape theoretically has the form ( 1 + x2) -1, where x is the departure fr·om 
resonance suitably normalized. This suggests the fitting of a ''best" curve 
of this form by a procedure which, if possible, weights the points near the 
maximum of the curve more heavily than the tails and thus minimizes the 
effect of departures from the theoretl.ca1 shape. Reducing the weight as­
signed to the tails of the curve also minilnizes the effect of uncertainties in 
the background to be subtracted from the counting rates. 

A curve of this sort can be obtained by taking the reciprocals of the · :--21 
counting rates, assigning uncertainties in the obvious way, ~ 1/y) = a (y)/y__J, 
and fitting a weighted least--:squares parabola by the usual formulas. 

2 
The coefficients of the parabola ex + bx +a are the solution of 

(y ±a is the counting rate at frequency x), 

which yield a = A/t:.., etc., in the usual solution by determinants. 
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Thentre parameters of the bell-shaped curve are given by: 

· position= X 
max 

half width at half max: 

- B/2C ·, 

= (~ _ x2 )1/2 
w C max ' 

height: 
2 

Y = .6./cw max 

We also wish to know the uncertainty of xmax in terms of the statisti­
cal uncertainties of the input data. In terms of the reciprocal data points 

. 1 ' a 
z.±,=-y±2, Eqs. (l)read 

y 

The standard deviation of x is 
max 

2 2 ~a Ba: 
2
· a (x) = 2: , - (-) a z 2c 

. . 

By straightforward manipulation this can be reduced to 

0" 
2 

(x) = 4~4 G?(minor of bb element o~ £.) - 2BC(minor of be el~'Jent of£.) . 

· . . + B (minor of cc element of .6.~ . 

A routine has been. written for the IBM 650 computer which computes 
xmax, w2, Ymax, and a 2_(x) from suitably normalized input data .. Details 
of its operation are attached. · 

This workwas done under the auspices of the U. S. Atomic Energy 
··Commission. 

· Information Division 
4-25-57 db 
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I 2 
Routine for 1 ( 1 + x ) on IBM 650 Computer 

1. Locations: 
a. routine lies in range 000-0399; 
b. routine starts at 0001; 
c. 0400-0459 used for input data; 
d. 0700-0716 used for temporary storage and output data; 
e. the locations in (d) could be moved into the 000-0399 range without 

much trouble, if drum space gets short. 

2. Card deck: 
a. Memory clear; 
b. Long load and punch routine; 
c .. This routine; 
d. Data deck. 

3. Data deck: 
a. Location card: 00000 9 0400 (-)in the first field (minus in col. 10); 
b. Data cards: 00000 n xxxx ( ~) in first field (n = no. of words; xxxx 

arbitrary) then data in order x 1y 1a lx2yza 2 ---- ~ynan(prob. no.) 
~- i.e. problem no. in place of xn + 1 on last card only. 

c. Transfer card: 00000 0 0001 in first field; 
d. Repeat (a), (b), (c) for each problem. 

4. Input data form: 
a. x in form OOOOOOx. xxx me 0 ~ x ~ 4. Origin should be chosen to 

make peak come near x = 2; 1 ~ Xmax ~ 3 should be o. k. 
b. yin form 000 000 00 yy. cpm30 ~ Ymax ~ 100 (actual requirement is 

not quite this strict). 
c. a in form 000 000 OOaa. cpm 10 ~a ~ 100 (actual requirement is not 

quite this strict). 
d. y and a will usually need to be scaled to fit the ranges above. Note 

the scale factors used. 
e. Problem number is simply copied to output, but 3 rt. -hand digits 

only are pertinent to another routine. 

5. Output card form: 
a. 1st word, 00000 7 0700. 
b. 2nd WOrd, X ax = X. XXX XXX XXX me. 
c. 3rd word, wrp = w. ·www wwwwww mc2. w = the half width at half 

d. 
e. 

f. 

max. 
4th word, Ymax = yyy. yyyyyyy cpm. 
5th word, at..= aa. aaaaaaaa mc2; a =std. dev. of Xmax ~-to 
get actual value it must be multiplied by the scale factor for y and 
divided by the scale factor for a. 
6th word, problem number. 

6. If trouble develops, transfer to 0356. This will punch partial results 
and go on to next problem. 

7. Rigid requirements on input data are a < 100, y
3 /a 2 < 10

6 
and y

3 < 10
8

. 
Trouble may also occur if all the y3 /a 2' s are too small. 

The actual program follows. 
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IBM 650 PROGRAM SHEET 

PROBLEM: ---""'(....:...1 +..;_::__/C_a.J.-.)_-_
1 
------

INSTR IL?E~T OF l-~-=.:....::~=~..:..:...~r'-'--t------'A=IO~Df3;:_s-:l_§_-----:-:-:1 
NO. INSTRUCTION ABBRV. COO~ D~A ~ 

t>'fffJ I R IH -'-5'_ o :J.. 50 8' 0'0 2. .., 
j 'ir"<m :.i.. S T(.) ~_l o 711./ O__i_il j ·I 

0'0 I 'f ~ 1L 0 I 7 .2. _QP_~ 

O"t>-""~ _§_D!_ ~ ~I .:1_ ~ 
c:1"' ' 6 IHl 1Q. ~ (i 'I o-t:J :J.~ 

I o-o/S 
.ff)/6 

r (')(>IJ 

0/:.l. 3 

033~ 

Oltl_ 
010~ 

()'()SO 
ll 800.3 

MULT_ l!l 
_SI..'L_ _M_ 
_STL ~ 

.!1AU 60 

L.D 6'/ 
STO 2.'/. 

STO -~ 

STJ.. .aQ 

A<) _1_0_ 

0011.{ 

~J 

--~ 
01_,, 

0333 

oo7S 

03S'/ 
o IS"(p 

03.2.1 
o-() 11 . 0 l_?_!/_ 

~17 

UCRL-3723 

REMARKS 

PAGE __1__ OF i"' 
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IBM 650 PROGRAM SHEET 

PROBLEM: ___ _;__ _______ _ 

INSTR LDCATION OF OPERATION ADDRESS 
NO. INSTRUCTION ABBRV. CODE DATA INSTRUCTION 

REMARKS 

IT 8003 STL :tO 0706 004/0"7 
. ...,. 
oo'/O 'u II (H)" 3 o-o ~'i! 
Of) "' ~ STU -;4f o-tH3 .3 0/1 'if 
Oil 'if su II Ot:Jll «J ,, 

OtJ 7~ B~N'i:U ""- _CI_g 30 0~3!' _..; ~- 7:. 
o-:a.3o RAU '0 ()() ffl/ 0 :l ~'I ~ 

a 2..~'1 MIJLT /CJ 00,1 o:./.7:2.. ~ ~..,.-If 'tr' / o- ..:(.. 
o:2.7L SRD at O'"C03 crD 79 

02.3~ RAU '0 t>()~"3 0/0'fl' 
olo~ t1ut. r I 't 0/l> CJ o/tJ.S 
0 J2...5. Sf?D '3/ e«:J_.2 ~ ""'~-'"'-
C:A.J'i/ t-0 '<"I oa)J ().A,;J." 

ou'i s rl) :A. '"I C't'J 1 I 0;.(.7'/ 
021'-1 LD 6'/ 0.23:3 oc~' ../ 

03S'I 15' Ol(J G oc a 'I 
"""' 03.41 1.5- (J 70 9 OC3'1 I 

0 18"-~ "" 0.330 0.2.3 'lit 
00 ~--2. CJS" 0-6{)0 ~~ )' , .-..dY"::.-c. 
001/3 04 t:t'/~'1 t:>-t>O I 
0'37/ I~ C>71J./ <HJ J '1 
0.433 1/&/ 03"30 0/31 

0/31 RAU. '0 C'CI~ ocf. S' 7 .... ;:: ....... L;. :I'IIUL ~ -
O'O .. 'ir A-U /0 01:: >2./ ~~6 J ..., ... :....r 

00:1..1 t>C ~·3 ~- _,. .-r:. -~ 

O:J.15 LO ''~ (}(}' 1 ~S"/ 1_ A'J~/1- LUJ. Jl.P.. #- Lin 
0()5/ STD 2..1./ 0 7<...,*/ 0'0'"07 j ""'~- ~·-·A.A 

r 

/ 

H'07 RI+U 60 0 70"8' O'Jf~- ""'\ 
03~5" LD f,'f 'lt00:4 0 -<.0" 
02.01./. sc.·r :3f1 ~· c /t;".!J • 
0 15-s- S"T"IA .;.4;j o.;;u O.J.l'i:t 
O:J-78' RltU ''"' 0 i/,1 0-'.:.:. ~ 
0348' LD f-'1 '?.f't: .:..~ (') ··.~ 9.:.~ 

06Cf;j s rcA ). ~. (~ .. l. \.~ ;~ (" c "14 
0 3'1:1..- fOrL '.,- () -.~. i i .~ ~ /'b~ ~dk .;_.., 
a ~ib'" Sl. J6 ("": Jl ,?:'1 C3'1:J. "> t:J.AV:Jt' _.,_4 .• / _.;~i. 

~3'1~ BRffJIAI 4{ ~~ .... :J. {.!b .. ...~:::.;·;; f 

D'l..f:/5 At.. ,o· ~':"'"~' o~.o:.;.· 

0~17 Rlti. {, .. , ":-·(';::"I c :2. .; .!~~ .. 
0~~5 SL.T 35 ,~'f ~-~~:-
O'C7lr LD i>'f G"'~.:32 1./ ""e<·~ c ;3i 'I 

03J<l 'STOlt ~~ 0"3~'{ t ;,4;1..'' 

0~:.<.7 L.O 6'1 o;J.TI Oi~_L_ --
0/A. J srDA ,;,.l:.t C~77 0 i ~-(,1 

PAGE~ OF__::'ir,___ 
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IBM 650 PROGRAM SHEET 

PROBLEM: ________________________ __ 

INSTR LOCATION OF OPERATION ADDRESS 
NO. INSTRUCTION ABBRV. CODE DATA INSTRUCTION 

REMARKS 

018'0 L.f) 6'1 0 /9 (; tJ(J 9/ 
oo 'II srvA .:t~ 0/'lfQ <HJ I/ 'J 
Of; 4'1 J-/..) 6'1 o;)..'l~ OA.t./:3; 
0;).."/2. srvA- ..J..;.L o.J..'/'8' o to I 
o I o I RAU 60 . 0:.(.5'-/ ot,J"( 
0 ,:, Jlt STU ;..1./ oA--<-'1 0 1-<' 
C>l :4 ~ su II C-'"0 J. '1 0'0;;" 

~:"+~ f::'.:f;ft:#~ ... . . '4 .. ~· . .. o-:oc:zr' ~VT--e:-:.=-
- ~4 SLT· ·.· ~·.!) ~ - tJlqo'ti 

~ •J i.J cro ::c. I oFt'/ 0 ~::c. <j" 
r o~:.<.'1 R!rU "0 () '10~ 0~~0 

0.3 'i1'0 f>~fl)~U "" 0 ~;).I./ Cl.jS 
I o ~:4 '1. Sl..T 0~- -·~- ·- 0/'ir'l 
1101~~ STCJ 2/ 0/0~ O:lOCf~ 

02.0'1 ffAU ~0 c.;u.9 ()0 !J :l. 
-~ 

00~4 h(J /0 ()(>() !>. OliO 
oliO STt./ :A. I ,-, .c:.-'. 'J ~I:<.~ .J 

032.'1 .35" ~ Ol'it9 
o~:/7 ~s- ~ Cl.5 2.. I 
oi~C. 'd.5 ~ 0 l?l )- , ..... .A 1;;_,.. z:;; 
oA..l.J~ 3S" ~ 0073 
o'J...S~ '0 0/0, Od8'0 
oc ~<t 3'1 O"&T>> 0 J 71 

OI.3S LD ''I 07/C WOI13 '""\ 
D/1'2> STO 2..'/ uf(;, G O'l.t'/ 
02(Cj L-0 tiJ'f 071/ Oi21 
.JI:t 7 ~T{) ·~i.( i)O 8"0 ;;>t) 33 
'-'03 3 LD CD'i O..ll:rO 013'1 
013-f :;;;ro 2."1 00'!!'7 ()tJ 'f 0 
~'io RAV ~0 (.~~ ·;:"~.:t3.!1- -~ Tll/"_~·t/W.(.·t<A·~JC 
0 ~ ~5"' - MUt-T j 'I '-" '1 0 'i! Oi.~3 
0 IG-~ SiiJ ;tl oofls- 0 16~ \ c ~ -~ .~: :.t·~· 
0/6 ro STL .:tO 00 ;;l ;3 0 l7b 

.• 

0 l7fE ~SU 6l 0114 0 373 
0~73 MilL T I 'I 0 7tJ 1 <1-t? I~ 
0"01 '2.. ltU 10 ~'~ oe ao 
~J.O /ltrL IS OO;t3 c '" 2 r:J I 'I:<.. STU l..i ~tiS" c '-.1 ~ 
o :u'f!" R!r{) ~0 !?~4 01~8" 

01~~ MULT I 'I 07<YI t,i~!J 

01~'1 STU :tl ~~·~ <c~ ;..:t6 
o~::t' ftltU 60 ~~'~ ..... ,, ~~() 
o ~::to r~1ut- r N ~lrJ1 o··t.:(._'J 
03~_'l AJ.. ,; (.10 ;;t3 ouz 
,.,lc.tQ.. :i'TU :l..l ,'to()'"' 5 (..")J .. ':( 

01'-/~ ST4- .<.0 D c ,, ':?> ~ :t.C~ 

r--j~O;lO<D RAU ~-,__g_lL.{__[ 0 3 7.;;-
_]_Q_;3 7$" _ __li'L!/'-T~- I <j . 0 ?£k~I 90'' i J 

PAGE __ 3 __ OF 8" 
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IBM 650 PROGRAM SHEET 

PROBLEM: ______________________ ___ 

INSTR LOCATION OF OPERATION ADDRESS 
NO. INSTRUCTION ABBRV. CODE DATA INSTRUCTION 

REMARKS 

~61 S"TU A. I ->O[g.!)" o-<.~ .-:r 
OA;i1"f t>TL. ~() ot)..(. ~ 0.1./rQ 

0 ;I.)(. R~U 6 I 0"' o ~I ;(. . 
a -··"12. f\1/)t:,r I ~ 0 IO ":!' oc~ J, 
o-o.; 3 AU LO ~-:.;- i)(! 10 
oo·uJ A'- 15- iJC ,J.::; OJ.-!1.. 
();t'/2 _STU ')./ .~"(') 6.:.;~ c;:.J'if 
OJt~ ffltO lt>O "':>~.l. OJ/"?' 

017~ Mu"r t '1 0710 Otli 
0 { 7 'l :; T() .(.I <X-"~' ""J . .(.6 
0 '1;;(._, R.AU (t.,C Xt·o;; ~~10 

0 ::<.10 MV~r 1'1 o ·no I) 3 7 j 
·~ ',"}'j A"- l::i" {~-':; (>f) '( ;J.. 

(}0 'f 2. lrU iO .>a .. :.:-- c f,X.) 

0 I (!f) fH- l:i" 010~ CUI 0 
0/iJO sru 2.1 MJ "'.S- 0 JC(<if 
o I '1~ ~ f'- .<.0 olo~ OJ.56 
o~:iG ~_A(/ bO 0 !66 Cll,!) 
OJJ'l. MUt.:r I 'I 0707 01/Z.. 
a112 brv ;J../ do6S C36ir 
/'j .j 6 ">? ~-r'- .(_() "".t..> 0~/b 

" l }r;, R~u 10/ iJ'f) \1'0 ~.l..i?'S" 
O.l"fS /'1U~T Jq 010~ 0<()/J 
cl-011 AU tO ... -.e 6:;;- 0/.LO 
0 f./ .. C> IT-'- 1$' 0'() ;(. j o N.:J 
·~ 1'13 - ru ~I ,~~5 C'> ·-" 1 
c J.td lt lt-U ~0 ~:4 c 4.~ '((" 
0 "J...l ~ ft)!JI-[ I 'I C' 7_1 I ~I :3 0 
) I,J ,? ;;;.TU 21 oe:t 3 0/ll 
,] 1"1} Fi.fltU ~0 (..."¥J6S" OJ~O 
n.);t0 fi?Ut..( t'1 0 711 ,,~:3/ 

,.,l ~I AL. IS' J0~3 .1t' 1 :3 
-~ 1'3 AU 10 '-'e'l:i '' I.:,-,;t 
:11 s J I+'- IS' Q 1~3 -~'t'> "f / 

11 ~8'} S'-T :3~- <XI'O_.,- 0101.5' ~ 

0 I "'.:i scr .j(Q ~- O&U, .... 
Q/10 LO tiJ'I 0() :.J.. 7 0 t ~'ir 
o I 'f'?' srrA ;(, •,!. 00¢7 Ot'f "' 
OL'10 SRT JO ~J ;' .;..;,t ,, 
0 ;t '10 STU dll atJ i~\- tJ ; .. .q 'r1' 
0 ~'I'll ~A-I- '"':') ;.,~37 ~A//~ 
0 :l.'i~ ~J..T ·~.:. >C"CI '( () .;(_,, / 
OJ117 t-0 ~Q Dt$i '-' -l't''t.. 
OA.'{b ;)T[;ft 2..L. c)/.:.>1 ~'0.5"'1 
,;:.r,S"/ t..D ID'i 0/,"<1 ~,-.If 

.:-aN ;J T[)A- 4~ 
'·' i '"' 

;'"C----) 
~_SJ_ _...bl)_ lld -" 411 _)_~_')""" 

__ . ., ;; '• . o reM ;u -"' '-~..2.cU:L 
1··---+-·-2.-~.LH ___ _ ?._/2_ ___ f£.1 _____ 2:_.,_1·.- _;_~-.:~ r ____ _ 
_____ ---~~z,>.:t±~-;..rflt~L-~:LJ_._;;:-r.:t..t:_ -~-::.:.1.J L .. ~~---.. ---·--·· 

_..,..., 

PAGE _!j__ OF--='&' __ _ 
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IBM 650 PROGRAM SHEET 

PROBLEM:_·~----------,---

INSTR LOCATION OF OPERATION ADDRESS 

NO. INSTRUCTION ABBRV. CODE DATA INSTRUCTION 
REMARKS 

02.8"0 35' ~s 0 !'IS" I 
00~7 . o-c> ~ t>-H-0 I 
a IS I ~S" ~ 0 30<> \,.. ; "F-"- ./::: 

{)I., 'I ~~ ~ a-o S'l._ 

0 '4 I I a~- ~ OIS/ 

~ ""' '3::r ~ (:J I~ 7 ...) 

~en 1-D "" oat/"/ JOt/7 \ 
e>oc.l 1 srD ;).," O"C~7 0/S,j 

0/S' '!J t.D r.'i (J/06 r.:>f!J$''1 
0'() ..... sro A, I:/ () 710 041:3 
O:l.l'3 1-D t;<f (J 107 Oil I \ 
0 II/ c::,;Jj A-li IXJ ~"'0 ~'If'-:!. \ ,_ ~ra~ d~ 7:;.. Y.£3 
00 'i! 3 1-D (i)q () ltJ~ o tfi I > -
~16 I srD ;J.t:[ O/tJ7 0~1() 

o ;;..to 1-D ~ 0']1/ OTJ'?ff 
0'0 'irir srD -:A.li 0 1tJ" 0 10'1 
0 /0'1 t...D -69 0 71~ 01$(/ 

013~ sro ;J..I../ 
,:) '" 9J' 

.... ~ '(CI 

[ 008'7 SLT 35" O«J'/ 01.5"/ 
C.OIS'I st.r 35"' - 0 30't'>-

0300 STU -::41 0~0:) ~8' J 

Q 31/t./ .. 3S: ~"- otSl <J-"' - ./; . -~ 
. 

~~ t...D ~q 0 3'1 I{ o II/·; 

{') '" 7 
STD :;>..1./ OO<i/"1 0~'10 

0~'10 t..O e.~q 0}0 '1 (>f) 'lf't 
;>0 ~'1 ~rD A.4 071~ C' :<.' 6 
c~/6 L.D ~~ ()7{(/ 01'31 
0 1:-'1 srD )..I.{ . 0 7~1 O/t:;2_ 

OIIP ~ 1-Ci "'j ~·tr"O i.., I 'i~ \ 
ON.~ ~TD ;J.I/ ouu v.2~.3 "-,. "'7-: ~~)j, ~·::, . .>' ~ A 
·~ 4~ ·::., L.-0 ri>'l 0}1.)7 (;~ ;:;,t'f 
1.3'1'1 STI) :J.t./ 071/ ot .. 'l 
0 '' o..( 

t..D ''~ 0 ]Of/, o lSI 
015''1 srD ;J..t./ ao'rl'O 0 I ~.3 ! 

0133 LD ri.9 071~ 0 liS" 
o II .:r sro .2.1./ 0 '1()7 ;,."1::'{ c 

L 0()"5-/ SL.T ~,!)- ~4 CI0'-1 
Lo 104.{ S'-T 3C" - ;..¥./$' :2-

oos2 STU :1.T 010 7 0 3/:J ) 

0 '3'1"1 ~5" ~" "'ct./ ,.. .r,_ ....... .(.;t;;,<t 

. : . .,.,. ......... ___ ~_ "'--"'~~-'-·=---"-=---

PAGE_!£_ OF--><.8'~-
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IBM 650 PROGRAM SHEET 

PROBLEM: ________________________ _ 

INSTR LOCATION OF OPERATION ADDRESS 
NO. INSTRUCTION ABBRV. CODE DATA INSTRUCTION REMARKS 

I 

Q.31 0 L{) c'1 C.£5/ L7.(i00 .. 
.: .t..6C ;.;.ro .Lt./ ;~~'l _:-IV•) ' 

·-
' 

.: 1-IC 1-0 .Oi , .,, .; 
.;.) .;(;(; " I 

, "'bcQ :;;.rv :J..'{ J I' 1 .. :u .. t <. ··~,. r"KJ~<.c..-,/." -i~- h.n ''' ··>".At···-.t .. <.) 
~ 4../.l .. LD t:;-t ''"' ~ ~.>~ ~t:· ' ' 
X :::r:t: .;.TO ~I.( .) lfJ ~ a13 j 

:J 31 j t-D ~'I , ··-!,.. ·~·· '·•' ~..,, ~"" .:;-
~lb 'f" ~Tf) :z.t.l C/11 -""::iJ 

L ~ts" J St...t -~~ ~'-I 0 :;(.1/ J 
Cu:J../1 .:....i..T -l_;, -- Cl.:;-7 
::JIS7 STU ~L 03i2 o -<IS' _./ 

O:.t5) "::!>S" ~-~ c.:J./1 ~~ ...... ;:c 

c.:.v.s- RSU 'I o:l.OS 0360 \ 
".3'0 SRT li) "SS' ~I 0~~ 7 I ... , ... "' ,......,A..oo7. ;11C~ 

02.6 7' i2J.VJ1 V ''~ OO'}S o :J.!J ·o 
0350 Dlllftu '"- (JC :.4.J. c~';.j 
()3~.3 s·r1.. .J.O Oltl'D o..u> 3 

00~~ 0'0 ~ ot>-fj .J. ........ '7".- .-r 

a~o~ RAU ,o 0107 0.31 s· ~ 

o31!r 5RT 31 ) =:;a;; ~I 03~ :;.t. 
(2_'1;:4~ DIVRU '" oo'ls· O:l.-17 
0~/7 STL- :40 01).}. S" ~()' 0.2 '8' ) .... -.....~~"n. _,(;J:.L. 

0021/ RSU '0 0 'I~ 630-!:i-

0.305' !f!VLT t'l "?"0() I O:.Z..:J. I 
0.241 - SL.T :35" o-ctJ I ""' 7 2.. 
0'0 72. J\-U ID (X:) A,.!:/ O'C30 
00.30 STU :.tl 010/ (!J/S4./ 

0154/ RlrU "0 0 31:2. 017.!t 
OI7S SRT ;dO o-co.:Z O.<.'fr l{ 
0:.1.~1./ 'Dill Rll '" ~lis· 0~J.7 

03~7 STI.. ;tO 0'0 lt.:.2.. 00&'5. ..... .....,..,.. .6J~h q,~ 

0'0~5 RlrU '0 ~ 0;.(..'/,!3- v 

o~l/5 OWRU 6S 0}0/ o:u'f 
0 :2."1 '1 STL .40 0 '"2. aJ..!l-s J 

02.5.5" RltU ~0 Ol0'1 0316 "'\ 

o31'- MU L. T ,q 071/ tJjj:l_ 

013:1.. STU ~I 
(}0 "' 

(}'()'l ~ 
0'0 'I 'I :;,TL 20 

0 '"'I 'o ~D~ 
c21.0..2. ~su "' o7lO 0_3,, 
CZ...~.6,, NJJJ,,J:.~ l'f g-(}0/ ¢03"tr 
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IBM 650 PROGRAM SHEET 

PROBLEM: ____________ _ 

INSTR LOCATION OF OPERATION ADDRESS 
NO. INSTRUCTION CODE DATA INSTRUCTION 

REMARKS 
ABBRV. 

tm.3 8' AU /0 ~"' ~~" 
I 

an"' A-L.. IS" 1"111/ '1 OA.1 7 
If o .47 7 C:LT 3.> - 0252 7 
- 0;.l5i st..r :.:..5· .t7'tXJ I o~ott 

0 ,0 Cf RAil '0 %0'0 3 0;3"/0 

0 ~10 MUi.T I 'I 07atJ oil/'/ 
01'/'l STU ;l_j £)t)t! CJ 03'..2. \ 

03" :2.. fiA() ~0 01/0 ~Jti] ... ~ .....,.._,...,7-:;" cr.~· 

03,7 MUt.. V" '" 0111 t) 3'/ 'd' I 
,. 

0 34~ ST() .l./ 0'0 "J 0/'f"'/ 
01 '14 J;rL A-0 0141'1 Ol.$'2,. 

0/S2 rt5·u (,( 0 70 '1 o ;U.3 
0 :l.l. ~ MUL T I 'I d ]11.. tnJ-() .2. ·-
0'00'2.. AU /0 

tH) "' 

¢'C 116 
00~, kL 15' Olt.l't r.JIIf' 

1ro1q~ SLT .3-S"" - . OUJ ] -
o/7/ ~AU "0 ~~ ~G 

0'0'0' AU I() 000' (/'()' 4 
ootJ4 SL.T 3~ O""C"'' -, 0~1/ 
lJ :2. "J I MUL"'f' I '"I 0 .70"0 o~S'I 

o.l.Sff STl.J al . O"CTJ" o;;..r;ij 

02.'4./ RI\U (10 010'1 O:.l73 
02.13 Mvt. T I 'I () 10~ 0 31'/ 
0 31" STl.J :J.I 0'041 0 :4~" 
0"2-*iL/ ·" rl.. ;;.o 01'1'1 0.40;<. 

0;1.0:2. rtsu "' 0111 0~~;;3 

.,3.1.~ MUI..r l<J 8'0'01 01)_6 
011, AU 10 ~"' Ol'" 
(JII.J' AL. IS- 01'11 Ol'l,$ 

If 02."18" SL.T '3S - 0073 
i-0073 filtU (.0 eoo3 0.2S:2... I 

0~~~ MULT 1'1 0~4/ 1 0 12. -:2.. 
012~ AU 10 ~'I 0 Uti 
oll-1 DIVRtl (g'/ a-a <"IS o;lO/ 
0201 RlrU '0 &0"0~ 0~)) 

I t'L!-117 RAU "0 ~3 01~6 
0 f,j (p rt~u~r l'1 OO'cf.:l. crol/'1 
0'0~4 scr 35' - 0137 -, 
0137 STU :41 0103 ()'3,56 J 

t>~A/1 :t5" ~ ~ .,_-... ;t;;-1; 

0 35"'- RAI- "5" """"" ~2. 
IJ ~2. STU :z.l 01/S"lf 02.'" ~ I 

02."~ SL " O"'l)S' CtJoO -f~h ..I~Z: .., 
-~ 

a-oliO A.(.) 10 'li't'O .:2.. Oil'/ 
Otl'f su II 0.4~4 Of) 7/ 

. cmzz__ ~~N. z u 4/ '/ 0 li_j _ _ _Q~.'1_/_ 
o I if I !1...-\b_~J..S_,_~.~~ --~~--~-~-~-·~~-· 
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IBM 650 PROGRAM SHEET 

PROBLEM: ___________ _ 

INSTR LOCATION OF OPERATION ADDRESS 
NO. INSTRUCTION ABBRV. CODE DATA INSTRUC'fiON 

REMARKS 

CCfJI./ .ZI 04./S<t o.:u; .z... l -~'7".::.-..1::1 
0 :t:L ;t, ~I ~3'1'1 C.U.(. j 

o~q I ffA-L ,,r.-
~ ~70'/ 1.)3"/1:? 

03'/'tr C.,TU ::2./ . ,_, 706 O:l~:.t 
. 

O:L'32. fii+L iDS" ~"J~ ();3'{0 > .Lll~ r.-F.M muL ~~'1; LdJ. 
0 3'/0 L.D ~1 1'1~:;, o-os-s- .... ~ ,.;.:,.,A . ·*· . .,; 
0'05S" STIA A.~ I '101.. o lOS 
v/0~ tiAL (i,!{ 015''11' 117/ J 

(1'0~,!)· ()"() OfJCT) 199G I ,_,...., ~..:ILJ 
·a I S<if en () 7o-o 070~ .t 

I 

\\ 
'' \ 

\ 
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