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where : 

prime means d/t i~ 

r(Q> = radius'as a Aznetion of 8 f o r  an arbitrary reference orbi t  
i n  the meiEim plane 

pr(63) = radia;l. momentum as a function of Q for  an arbitrary refer- 
ence orbi t  i n  the median plane 

P = magnitude of par t ic le  momentum 

%[€I) = radial Bisplercement from r(@) of a disturbed o rb i t  w i t h  q ( O >  = 

pxl(gj = ra~3ia.l. momentum displacement froan pr(S) of a disturbed o rb i t  

x,(Q) radial displacement with %(O) = 0, ~ ~ ( 0 )  = bp,  

p,(Q) = radial momentum with %(O) = 0, ~ ~ ( 0 )  = SP, 

sx, pa(0) = 0. 

= 

z,(Q) 

pzl(Q) = axial momentum from reference orbi t  with zl(0) 2: Bz, 

= axial displacement f r o m  reference o rb i t  w i t h  z,(O) = 82, 
PZ#) = 0 

P&) = 0 

~ ~ ( € 3 )  = axial displacement from reference orbit  with z2(0) = O9 
PZ2(O) = bP, 

pZ2(Q) = axial momentum from reference orbi t  with z2(0) = 0, 
PZ2(O) = 5Pz 
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z(8) = N/2x x t ine  f'rm 8 = 0 

r(Q> = mean radius of reference o r b i t  Prom 0 = 0 

N = number of sectors 

E = . t o t a l  re la t iv i s t ic  energy, 

The following units are used: 

speed i n  units of c, so that  velocity and p are identical 

momentum i n  uni t s  of m c, where m i s  the par t ic le  res t  mass 

energy fn units of m c 

time i n  units of @-I, where u0 is an arb i t ra r i ly  chosen mean 
orbi ta l  angular spe?d 

0 0 
2 

0 

length in  units of a = c/ w 

f ie ld  i n  mi%s of b = moc d0/e. ' 

4 
If b i s  measured i n  units of 10 gauss, and the particles have charge number z 

and m a s s  number A (not necessarily integral), then: 

= 33,OA/bZ em. = 123.2lA/bZ inches 

iJo/2fi = Z/A (l5.2& b) Mc/sec. 

The code i s  Besigned t o  work most eff ic ient ly  i f  the f ie ld  unit b i s  taken t o  be 

the actual. central magnetic field, assuming a reasonable degree of isochronism, 

but has perfomed without error and without noticeable loss  of speed even when 

th i s  condition was not satisfied.  

The computa;D;iornaL procedure is as follows: 

1, The independent variable for  the desired output (p, E, o r  f3) is 
se t  equaJ. t o  the first value desired, 

2. The f ie ld  storage core locations are loaded Pram magnetic tape, t o  
provide the anticipated required. f ie ld  information for  the orbit, 
integrations. 
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Guesses are preparea for  the r and p r  vaJ.ues for  the equil- 
ibrium orbi t  a t  0 = 0. 
and e r c c m y  the calcwlation proceeds. 

This guess increases i n  complexity 

U s i n g  these guessed i n i t i d  conditions, eqmtions (11, (2), 
(31, (4), (51, and (6) are i n t e p t e d  simdteureously through 
one sector ( 2 x / ~  > o > ole f 

From the results at Q = 2n/N, an approximate correction can 
be calculated t o  r(0) andl pr(0) t o  make r(2a/N) and pr(2x/N) 
QII the ne* t r y  more nearly equal t o  the i r  atarting values. 

This; process is  repeated u n t i l  

At this poiat the hqxroved values for r(0) and pr(0) are again 
caLcuiatec9 

me integration scheme is  now changed 
(12) are integrated t b o t @  one sector. 
be c.,dkulatedl the quantities: 

equations (I) through 
Fmm'the results can 

These are printed, together with quantities l i ke  cos 6 (which 
w i l l  vary' smoothly with nomentun, even if axfa& tiefocusir@ occurs. 
In the event that t'z becomes imagimry, cos 6 will be printed 
in  the 9z c u l m ,  i n  adldlitionad, r(01 (= R), pJ01 ( = p r l P  

(= a ~ g  i n  the notation of the cotEe. 

1, 

This is the 

the amglid;ude of oacilllation of the equilibrium o r b i t  about the 
median circle) ,  the kinetic energy of the paPt ide  in  MeV, 

The indepexdent variable is advanced by the desired step ana the 
complete sequence gone thPOUgh.wEein. Tknis continues unt i l  the 
last specified value of the independeat variable has been wsdl, 
or un t i l  no more fields are available. 

rmax - 
2 

It is  believeti %hat, this coae is foolproof, in  Ymt i f  a st&iw mmentum 

value is specifiedi fo r  which f ie las  m e  not available, the i n i t i a l  p vdue  w i l l  

be advanced in steps unt i l  gfeldls are available fo r  the orbit  integrations. If" 

the Meld v@.lues i n  core storage are not, adequate t o  complete the orbi t  integra- 

tions specified, a fresh loading of f ie ld  values f r o m  tape w i l l  be performed 
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and tihe orbi t  iategration reswned, If no more field vcdues are available 

on). tape, the cdcula t ion  w i l l  stop. A complete now chart is appernded. 

The integration 0% the orbit  equations is  done by the Fturqe-Kutts pro- 

cedure. 

step, 

This requires provision of f ie ld  values every - half of a w e - K u t t a  

We have run the code with 15, 16, 20, 32, mad 45 Runge-Kutta steps 

per sector, with the conclusion that  the s w l e s t  nwmber mulB have been 
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random errors i n  B. 

11. INSTRUCTIONS MIR W I W G  PARAMETER8 

Input p a m e t e r s  am fed into the program by means of NY IMp1. The 

control word is  se t  up for  one word per card which is t o  be stored i n  the 

decimal address punched i n  columns 1 - 6 on each card, 

be a transfer t o  the main routine (TRA 8g), 

The last card m u s t  

This card has been included 

as the last card i n  the binary deck, Thus the parameter cards must; be in- 

serted immediately i n  front of this f ina l  t ransfer  card. 

can be given i n  e i ther  decimal or  octal  w i t h  the proper pseuqo-operation DEC 

The parameters 

o r  OCT. m e  decimajl o r  octal  data is  then punched s tar t ing i n  column 12. 

m e  following table l is ts  the required input parameters, The code 

designation of the parameter is first given, followed by i ts  decimal loca- 

t ion ana mode of input. A description of the role of the p a m e t e r  is  at- 

tached together with the designation used i n  the preceding part  of She de- 

scription, i f  any, i n  parentheses. 

IIIe INSTRUCTIONS M3R PROVIDING STORED FIELDS AND DERNArLIXVE8 ON T6bpE 

Two tapes, written i n  the binary moae, containing the magnetic fields 

(logical tape one) and the derivatives of those fields d t h  respect t o  the ta  (log- 

i ca l  tape two)> m u s t  be f'umished the code. 

equal intervals on a polar gr id  and are stored on ma,gnetic tape i n  blocks, 

each block containing fields for  all @-values and a single r-Vdue. Successive 

blocks refer t o  successive r-values. Thus one f i l e  of information must contain 

d1 of the f ie ld  values needed t o  compute the desired table of momentum values 

and each record o f t h a t  f i l e ,  beginning with the second record, must contain 

all of the f i e l d  values at one r d i u s .  

Tlae field values must be given at 

More explicit ly,  the second record 



P a m e  t e  rs 

AMORT 

NFL 

P 

KFX 

NSTAR 

DELTAE 

DEEBET 

DELTAR 

INKEY 

oumy 

... 

Decimal 
Location 

1240 

1241 

1242 

1243 

1244 

1245 

1246 

1247 

1248 

1249 

Mode of 
Input 

F1. Pt. 

F1. Pte 

F1. Pt. 

Integer 

Integer 

Description 

Atomic mass number of ions beilsg mxeler- 
ated. Used t o  compute the kinetie energy 
in  MeV. ( = A )  

Mwnber of sectors in cyelotron. (N) 

I n i t i a l  momentum value for  table (used with 
1- = 1). (Po) 

Number of Bmge-Kutta steps per seetor, 
c J Q  
Mmber of sectors per angular f i e ld  cycle 
(= P for   nom^^ operation). 
can be used t o  @ombbe one or nore sectors 
into one larger sector. Thu9 if N8TlhR i a  
s e t  e q d  t o  2 and MFI, is 8, the or.bits w i l l  
be cdeulated as though the machine had only 
4 sectors. 

misu parmeter 

Radi iaP increment $QP which f ie lds  are store& 
on tape, (&) 

Tells code whether table is t a  be in equal 
increments of po E, or p accodirag a8 EIVKXT 
is 1, 2, OH" 3, respectively. I9 INCEX = 1, 
po and Ap m u s t  be fkmished codej i f  2, Eo 
aad & must be famished; or if 3> Bo w b  
-f3 m u t t  be furnished. 

Gives choice of output. 1, 2, a d -  3 give ex- 
tended m%put with ei ther  p9 E, QF f3 i n  lelf&- 
hand cohmn, respectively. Extendeb output 
includes po E, t b e ,  cos 6,, dz7 gr, MEs 
R, P,, (T) , and 'orbit mglit.ade. Butkey = 
4 or 5 gives abbreviated. output9 wlth p or E> 
respectively, as left-bmcl @aLiaarpja, Abbrevi- 
ate& output consists s f  p, E, t h e ,  3)es Y r j  
R, afiip. Pr. 
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* Parameters 

TSIZ 

ICED 

RIN 

MROT 
r 

D E L W  

EP8 

EPS2 

E 
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Decimal 
Location 

1250 

1251 

1252 

1253 

1254 

1264 

1268 

1282 

1283 

Mode of 
Input 

Integer 

Integer 

Fl. Pt.  

Fl. Pt. 

_ -  

F1o P t o  

Fl. Pt.  

Fl .  Pt. 

F1. Pt. 

Fl. Pt. 

Description 

Number o f  vaJues of in8ependenta variable 
to be used for  table. 

Identiffes fields -0 must be same number 
as first word on first r e c o d  of f i e l d  
data as stored on tape, Bote: Keyword 
on tape m u s t  be i n  decrement posit ion 
l i k e  a Fortran integer, whereas BMEY i n  
code must be i n  d&ress position s f  m ~ 3 .  

Minimum value of r for whick Pie1138 are 
Btored orn tape, (ro) 

Maxtanuna value of r for which fiel$ls are 
stored on tape, 
checked agaimt correspondA~ values 
stored OD. 1st m c o d  of fields. 

I ____Ip 

Both RIN and RMOZC are 

paincrement f o r  table (use6 wL%h 4XNKf2T = l), 
(4) 
Accuracy t o  which equilibriwn orbi t  is sgee- 
i f ied,  
impwvement t o  r pr  after %hi8 esn&itfon 
is  met.) Epsilon is  n w  set at 1 x 10-3 ana 
gives tkie equPlfbrim o rb i t  t o  apprcPx3,mtel.y 
10-5. 
but in a, pathological f ie ld  it m y  be neeers- 
sary t o  rdiuce EPS. 
Increase the m i l a g  time. 1 

(Actually t h i s  code W e s  the fimd 

We think %hi6 accuracy will. suffice, 

This ie Ifkely t~ 
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8 

*fi A@, - -  2n m, a, AQ, o i n  tha t  
N 

must contain B( r ,0 )  fo r  r = ro, 0 = - - 
order. The integer N is  the 

number of sectors i n  the magnetic field. The Runge-Kutta process requires 

tha t  the functions be evaluated at one-half intervals,  thus at  each radius 

twice as many f i e l d  values as the number of Runge-Kutta steps t o  be integrat-  

ed m u s t  be furnished. 

N 
The th i rd  record has r = ro $. Ar, and so on. 

* 
* Tlze first record on the f i e l d  tape contains four words used fo r  iderati- 

The first word must be an integer, ~ 3 2 7 6 8 ,  f icat ion and checking purposes. 

written i n  the decrement of the word (as Fortran would write 

is  used. t o  identifSr the f i e l d  set. 

smdles t  radius at  which the f ie lds  are stored and is checked agairmt the 

input parameter RIN.  

a t  w!?.icF, f i e l d  values are stored and is  checked against the input parameter 

MRQT. l%e fourth word m u s t  be the radial increment a t  which f i e l d  neaswe- 

ments are taken and i s  checked against the input parameter DELQ3.R. 

integer) and 

The second word must be the value of the 

The th i rd  word must be the maximum value of the radius 

The derivative tape must be T i t t e n  i n  the same f o m t  as t3e f i e ld  

tape except for  the first record. 

is the ident i f icat ion record and must contain one word 

negative of the identification word (first word of first record) used on the 

f i e ld  tape. 

The first record of the derivative tape 
* 

&ich i s  the 

* NOTE: Because Fortran writes a nonsense word as the first word of each 
record on magnetic tape, t h i s  code was written assuming the first 
word. of each record t o  be meaningless. 
storing the fields, the nonsense word w i l l  be automatically sup- 
plied, but i f  not then an extra word must be writ ten as the first 
word of each record. 

If Fortran i s  used in  



N. OPERATING INSTRUCTIONS 

sense switch 1 down (used i n  Tnput Routine only), 

%e noTm81 stop for  program is i n  Fx1 or Octal 02363~ 

The board 

Qtber 

Operate with 

must be SIfARE-2. 

stops i n  code are identifiable fKrm the attached SAP l i s t ing ,  

If f ie lds  are needed for  an r-value which i s  too s m a l l ,  the program in- 

creases p (cr E o r  @, as the case may be) and goes on t o  the next desired 

entry, When r becomes too large f o r  the available f ie lds  the program eto-ps. 

(octal  1152.) 

The code as written supposedly writer; all 13 computed quantities on the 

drum at each R-K step. 

conseqtaexrbly have not checked this part  of the program. 

0% the code will contain instructions on tbe use of th i s  part ,  

We have, however, made no use as yet 0% this data and, 

A l a t e r  e3escription 

v. o u m  mmT 
The principal output is  by l i ne  printer,  directly following c q u t a t i o n ,  

A number of output formats can be chosen by selection of the parameter QUTKET. 

For OUTKEY = 1, the column headings will be: 

PI E, S T A ,  TIME, COS, NU Z, NU R, KE, R, PR, R, RAVE, AMP. 

For O m Y  = 2, E and P are interchanged, the lelPt-laaad column &.ways being 

the independent variable, which is advanced i n  uniform increments, 

OUMEY = 3, the first three headings are BETA, P, E, the others being lefx, the 

same. 

OUTKXY = 5 simply interchanges P and E. 

For 

OUTKEY = 4 l e a s  t o  the headings P, E, TaME9 NU Z, NU R:, R, PR, a d  

The following table gives the equivalence between code symbols mil the 

symbols w e d  i n  the algebraic work at the beginning. 



Code Symbol 

E 

BETA 

TIMe 

M U R  

cos 
KE 

R 

rn 
R AVE 

Am? 

Algebraic Symbol 

P 

E (=I=) 

7(2n/N) = orbit  period/2n 

'li 
+r 

COB a, 
kinetic energy i n  Mev = 93~.2yI. (E 

R = r(0) 

1) 

.. , 
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VI. IIJXSTRATLYE IWiMPLE AFJD TEST M)R CORRECT O€?l!XlA!f!ION 

In order t o  obtain operating experience with th i s  code, in  the absence of 

a wide variety of experimentally measured fields,  a FORTRAN code was written 

t o  supply magnetic f ie lds  on tape, i n  the required format, fYom an analytical 

specification. This auxiliary code also allows the introduction of random 

errors and a great variety of diagnostic studies can be made with i ts  help, 

some of which w i l l  be described i n  a l a t e r  report. For present purposes, i ts  

u t i l i t y  i s  as the generator of a typical magnetic f ie ld  which can be used i n  

getting into reliable operation the main orbit  code. A deck of cards for  t h i s  

auxiliary field-generating code will be supplied t o  all potential users of the 

main orbi t  code. 

result  an output from the main orbi't code which can be compared w i t h  the 

attached sample output. 

If  the following instructions are obeyed, there should then 

Any failure should then be more easily traceable to 

mis-operation, mis-arrangement of f ie ld  input, etc. 

The Fortran program No. 1636 calculates B-values (code No, 1645 described 

i n  the following calculates 

them on magnetic tape Drive 1. 

2 B/a 63) by the fomulas given below and stores 

The first record is an identification record 

containing the following four words: 

1.) KED = Identification number 

2.) RIN = Smallest radial value for  which f ie lds  are calculated 

3. )  RMOT = Largest radial value for  which fields are calculated 

4.) DELR = Increment i n  radius, 

After t h i s  identification record, each succeeding record contains f ie lds  

The records are in  ascending order of r-values, for  a c o n s t a t  r, varying 8 ,  

but within each record the fields are stored i n  descending 8-values. In other 
(. 1 
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words, the 0 = 0 value is the last value on each record. 

The f ie lds  are calculated according to: 

5 
B( r ,Q)  = F,(r) cos n PJ - Yn(r)] 

2 
where: Fo(r) = 1 

J.3 1 + co r 2 

2 P + b l r  
1 N .  r 

( r2  + B 2 N/2 l + c l r  2 
F 1 b )  = 

a2 +'be r 2 

l + c 2 r  2 

2N , etc. r F 2 ( 4  = 

d + e n r  2. 
n and . 

Yn(r) = l + f n r  2 

where NHK = - twice the number of Runge-Kutta steps/sector asked fo r  i n  the main 

orbi t  code. 



KEYB = Identification number. Program No. 1482 searches 
for  t h i s  number 

= IY in equations = number of sectors i n  machine S 

N = n i n  equations 

AFIRST = A i n  eqpxtions 

BE = B i n  equations 

A0 

Bo = bo 

= e  
0 co 

- Note: This code r e - w i d s  tape *en finishing, 

The parameter cards sent are: 

card. I. 

2 

nvRK = 32 
KEXB = 103 

S = 3.0 

3 .  N = 1  

A = 1.0 
4 B  = .02258 

A0 = 1.0 
5 %o = Q  

co = o  

A(1) = .28@0 
7 B(lj = 3.92441 

C(1) = 2,83841 

A l l  parameters not listec? above are zero, and thus the f i e l d  for  t h i s  t e s t  

case has a sinusoid.& f l u t t e r  with .no spiral .  Approximate isochronism w i l l  



be maintained. 

Program No. 1645 takes the f ie las  as calculated fpm 1636, interpolates 

for  9- derivatives and stares them on Drive 2. 

code, but octal location 230 mt be changed by a binary correction card if 

NRK is other than 32. 

%is c d e  $;Lso re-wbds tape when finishing. 

be OB Drive 1 ready for use when startitag t h i s  programo 

There is no input for  this  

Change th i s  number t o  agree with the No. 1636 MRK. 

The fields from No. 1636 must 

The sequence of codes 1636, 1645, and 1482 can be followed one a f t e r  

the stber 5y only clearing core and leading cards after each program* Suc- 

cessful cqeration 0% the sequence w i l l .  yield an output exactly the same as 

the attached page, 



00125 

00125 0 07400 4 1 0 3 2 1  
00126 0 OOCOb 0 00001 
OOi27 0 42000 0 00000 
00130 0 0 2 0 0 0  0 00225 
0 0 1 3 1  0 53400 1 02366  
00132 9 7 6 2 0 0  0 GO221 
O G 1 3 3  0 ? G O O 0  0 1 4 5 2 1  
00134 0 70000 1 14525 
00135 2 00091 1 0 0 1 3 4  
00135 -0 76000 0 00011 
00137 U 02000  0 02300  
00140 C 76600 0 GO333 
00141  -0 761300 0 00012 
OOL42 0 42000 Q 00000 
09j.43 0 50000 0 14521  
00144 0 7710C 0 30022 
00145 0 4 0 2 0 0  0 02343 
00146 0 10000 0 00154  
00347 0 76203  0 00221 
00150 0 70000  0 1 4 5 2 1  
00151 0 02000  0 02275 
00152 0 02000 0 00231 
00153 0 0 2 0 0 0  0 02275 
00.154 0 50000 0 14522 

00156 0 76000 0 00003 
00157 0 40200 0 02302 
00160 -0 1 2 0 0 0  0 00162 
00161 0 42000 0 00000 
00162 0 50000 0 14523 
00163 0 40203 0 02345 
00164 0 76000 0 00003 
03155 0 40200  0 02302 
00166 -0 12OOG 0 00170 
00167 0 42000 0 0 ~ 0 0 0  
00170 0 50000 0 14524  
00171 0 40200 0 02337  
00172 0 76000 0 00003 
00173 0 40200 0 02302 
00174 -,O 120DO 0 00175 
00275  6'42000 0 00000 

90155 0 4 0 2 0 0  0 0 2 3 4 4  

ORG a5 
EQLJILIBRIUM O R B I T  1 1 4 8 2  OWENS AND ARNETTE 

1 9 G r l  
LOAD TSX INPl .94 A l  

HPk 
7'RA LOAD 
LXA FX4.sL 
RTB 1 
&2Y CONHON 

T i X  C A P Y 9 1 9 1  
ETT 
TRA ETT+3 
I OD 
R T T  
HPR 
CLA COMMON 
ARS 18 
SUB &KEY 
f Z E  CAPY+16 
R T S  L 
C P Y  COMMON 
TRA E T T  
TRA CAPY-3 
TRA ETT 
CLA COMMGN+l 
SUB R I N  
SSP 
SUE ETT+5 
T M I  CAPY+22 
HPR 
C L A  COlvtP.1ON+2 
SUB MROT 
SSP 
SUB ETT+5 
T M I  CAPY+28 
HPR 
C L A  COMMON+-3 
SUB DELTAR 
SSP 
SUB ETT+5 
T M I  CAPY+34 
HPR 

CAPY C?Y COMMONt.4 9 1 

HUNTING FIELDS ON TAPE 
READ I O E N T I F h C A T I O N  RECORD 

COPY 4 I D E N T a  WORDS 
END OF TAPE TEST 
END OF TAPE - TRANSFER TO REWIND 

REDUNDANCY TAPE TEST 
STOP9 TAPE ERROR-IN-KEYWORDS 

CORRECT SET OF FIELDS FOUND 

END OF F I L E  TRANSFER 
END OF RECORD TRANSFER 
CHECK PlINIMUM R VALUE 

CHECK M A X I M U M  R VALUE 

CHECH DELTA R VALUE 

-. 



03220  
0022J. 
00222  
00223  
C0224 
00225  
OC226 
03227  
00230  
0 0 2 3 1  
00232  
0 0 2 3 3  
0 0 2 3 4  
00235  
09236  
00237 
0 9 2 4 0  
00243. 
00242  
00243  
0 0 2 4 4  
00245  
0 0 2 4 6  
O(3247 
O G 2 5 0  

0 34000  f! 0 2 3 4 0  
0 02000 0 20230 
0 02000 0 0 0 2 3 5  
0 50000 0 0 2 4 2 4  
0 6 2 1 0 0  0 0 2 0 1 2  
0 40000 0 0 2 3 7 2  
0 62100 0 0 0 3 2 3  
0 0 2 0 c O  0 00242  
0 50000  C 0 2 4 2 2  
0 62100 0 0 2 0 1 2  
0 43000 0 02372  
0 62100 0 00323  
0 0 2 0 0 0  0 00242  
0 50000  0 0 2 4 2 3  
0 6 2 1 0 0  0 02012 
0 4 0 0 0 0  0 0 2 3 7 2  
0 6 2 3 3 0  0 0 0 3 2 3  
0 0 2 0 0 0  0 00242  
0 50C00 0 0 2 3 3 3  F 
3 07400 4 0 3 2 3 3  
0 000’30 0 00043  
0 42000 0 Q0000 
0 60100 0 0 2 4 1 0  
0 50000 0 0 2 3 7 1  
C 34000 0 0 2 3 4 1  

00176 0 7 6 2 0 0  Q 03222  R T B  2 
00;77  0 30coo 0 1 4 5 2 1  CPY COMMON 
03200  /3 7 0 0 0 0  0 14-521 CSPY CPY COMMOfi 
0 0 2 0 1  -0 76000  0 OOOL!. E T T  
c 0 2 0 2  I) c2occ) 0 023933 T R A  E T T + 6  
08203  C 76600  0 09333 TOD 
03204 -C 76000 0 O S O i 2  R hT 
00205 0 4200C 0 S‘JOOO tiPR 
00206  i, 5 O C Q O  0 1 4 5 2 1  C L A  COMMQN 
00207 0 77100 0 OOC!22 ARS 1 8  
00210 0 40000  0 G2343  ADD BKE‘f 
00211 3 10000 0 G O 2 1 7  TZE S E T I N  
00212 0 762CO 0 0 0 2 2 2  R T B  2 
00213  0 70000 C 1 4 5 2 1  CPY COMMOiY 
0 0 2 1 4  0 02000  0 0 2 3 0 5  TRA ETT-t-8 
C0215 0 0 2 0 0 0  0 C0177 TRk CBPY-I, 
COZlb Q 0 2 0 0 0  0 0 2 3 3 5  TRA ETT1-8 
00217 0 50030  0 0 2 3 7 1  SETIN C b A  FX2 

&A5 INKE’I 
TRA S E T 3 N r 9  
TRA SETIN+14 
CLA SETADi2 
ST.4 212 
ADD FX3 
STA V A R T R A  
TRA F X K  
CLA SETAD 
S T A  2 1 2  
ADD FX3 
S?A V A R T R A  
TRA F X K  
CbA S E T A D + l  
STA 2 1 2  
ADD FX3 
STA V P R T f i A  
TRA F X K  
C i A  KFX 
TSX FXFLO94 
P Z E  35 
EPR 
STO K F L  
&!.A FX2 
C A S  OL’TKEY 

I 

HUNT CORRECT FIELD DERIVATIVES ON 2 

CORRECT S E T  OF DERIVATIVES F O U N D  

E N D  OF FILE TRANSFER 
END OF RECORD TRANSFER 

I 

-.I 
S E T  UP FOR INPUT 1 ZP VARIABLE) r 
SE? U P  FOR INPUT 2 ( E  VARIABLE) 1 

SET UP FOR INPUT 3 [BETA VARIABLE) 

FLOAT K FIX 
ENTER FIX-FLOAT ROUTINE 



0 0 2 5 1  
or3252 
00253 
GO254 
00255 
00256 
00257 
03260 
00261 
00262 
00263 
00264 
00265 
00266 
00267 
00270 
00271  
00272 

00274 
00275 
00276 
00277 
00300  
00301 
00392 
00303 
OC304 
00305 
00306 
00307 
00310 
00311  
03312 
00313 
0 0 3 1 4  
130315 
00316 
90313 
0 0 3 2 3  
0 0 3 2 1  
60322 
09323 

eo273 

0 02000  0 00260 
0 02000  0 00265 
0 50000 0 02366 
0 34000  0 0 2 3 4 1  
0 0200r3 0 00272 
0 02000  0 00277 
0 02000  0 00304  
0 50000  0 00363  
0 60100  0 00312 

5 0 0 0 0  0 02425 
0 4210Ct 0 0 1 6 6 4  
0 02000 0 00310 
0 500CO 0 30364 
f) 60100  0 00312  
0 50000  0 02426 
0 62100  0 01664  
0 02000 0 00310 
0 50000 0 00365 
3 6 0 1 0 0  0 00312 
0 50000 0 02427 
0 62100 0 01664 
0 0 2 0 0 0  0 0 0 3 3 0  
0 50000 0 00366 
0 60300  0 00312 
0 50000 0 02430 
0 4 2 1 0 0  0 03664  
0 02000 0 00390 
0 50000 0 00367 
0 6G100 0 00312 
0 50000 0 G2431 
0 62100  0 01664 
0 07400 4 0 3 2 7 1  
0 00000  0 00000 
3 43230  0 00370 

-1 0 0 3 5 3  0 0 0 3 6 4  
0 55000 0 02410  
0 26900 0 02331. 
0 60100 0 1 4 5 2 1  
0 5 0 8 0 0  0 02352 
0 24000 0 1 4 5 2 1  

-0 6 0 0 0 @  0 00753 
-0  60000 0 01511 

0 07400 4 O O O O G  

TRA SETH1 
TRA SETH2 
CLA FX4 
C A S  OUTKEY 
TRA SETt-43 
T R A  SETH4 
T R A  SETH5 

STO PT3 
CLA TRALA 
STA OUT1-1  
TRA PTH-2 

S T O  Pfk 
Ci4 TRALA-tl  
STA O U T I - 1  
TRA PTH-2 

S?O PTH 
CLA TRAbA+2 
S T A  OUT1-1  
T R A  PTH-2 

S T O  PTH 
CLA TRALAi-3 
STA OUT1-1  
TRA PTH-2 

STO PTH 
CLA TRALA+4 
S T A  OUfl-1 
TSX OUT94 
HTR 

FVE 244909243 
LDC K.CL 
FMP NFL 
STO COMMON 
CLA 2 P I  
FDH COMMON 
STQ H 1  
STQ H 2  

SETH1 CbA P f H l  

SETH2 CLA PTH2 

SETH3 CLA PTH3 

SETH4 CLA PTH4 

SETH5 CLA PTH5 

PTH PTH HEAD1 * 0 9 2 0 1 2 0  

VARfRA f S X  0 9 4  

ENTER OUTPUT ROUTINE FOR HEADING 

A2 

KNFL TO COMMON 

STORE H FOR RK1 
STORE H FOR R K 2  

A 3  TRANSFER DEPENDS ON INPUT 



0 0 3 2 4  0 5 6 0 0 0  0 0 2 4 0 3  
GO325 -8  6 0 0 0 0  6 0 2 4 1 4  
6 0 3 2 6  - 0  6 0 0 0 0  0 0 2 5 4 4  
00327  -0 6COOO 0 02527  
0 0 3 3 0  -0 6 0 0 0 0  C 0 2 4 0 3  
0 0 3 3 1  0 5 0 0 0 8  0 0 2 3 3 1  

09333  -9 6 0 0 0 0  0 02405  
0 0 3 3 4  0 6 0 0 0 0  0 0 2 5 3 0  
Of2335 0 60C00 0 02545  
00335, 0 6COCO 0 02415  

00340  0 6ClCO 0 6 2 3 4 7  
0 0 3 4 1  0 5 6 0 0 0  (3 0 2 3 3 3  
00342  0 2 C O 0 C  0 0 2 3 3 4  
(20343 (3 7 6 3 0 0  0 00001 
0 0 3 4 4  -0 60000  9 C2407 
00345 0 6C00C 0 02406  
00345  0 5 3 4 0 0  1 92437  
06347  -0 6 3 4 0 0  1 0 0 4 7 4  
00350 -0 6 3 4 0 0  1 01127 
0 0 3 5 1  C 6€‘000 0 01533  
30352 Q 60000  C 0 1 5 3 2  
00353  0 50000 0 0 2 3 4 4  
0 0 3 5 4  0 60100 0 0 2 4 3 4  
Cg355 0 60000 0 0 2 4 3 3  
00356  0 6 0 0 0 0  0 G2435 
00357 0 60000 0 0 2 4 4 2  
00360 0 6 0 0 0 0  0 0 2 4 4 3  
0 0 3 4 1  0 6 0 0 0 0  0 02475  
00362 0 0 2 0 0 0  0 00475 
00363  3 37340  0 00370  
0 0 3 6 4  3 3 7 3 4 0  0 0 0 4 1 0  
0 8 3 6 5  3 373Li.G 0 30430  
03366  3 2 3 5 1 4  0 00450  
00367 3 2 3 5 3 4  0 00462  
00370  6 0 6 0 4 7 6 0 6 ~ 6 0  
C0371 6 0 6 0 6 0 6 0 2 5 6 0  
00372 6 0 5 0 6 0 2 2 2 5 6 3  
0 0 3 7 3  2 1 6 0 6 0 6 0 6 0 6 0  
00374  6 3 3 L 4 4 2 5 6 0 6 0  
0 0 3 7 5  68606Q602346  
QC376 62696060606C 

05332  0 2403C 9 0 2 3 5 2  

Of2337 o 50000  e 0 2 3 5 0  

LDQ BETA 
STQ INIfR 
STQ YRKY3-7  
SJQ R 
S T Q  RETA 
CLS R F L  
FDH 2P.i  
STQ M02Pi 
STZ PE 
S T Z  YRf(Y3-6 
S T Z  INITPR 
CLA M U R K Y 4  
S T O  NURKY3 
LDQ KFX 
RPY NSTAR 
LLS 1 
S T Q  BEER 
STZ BEERT 
LXA BEERal 
SXD TW91 
5x3 T I X N 9 1  
S f Z  COUNT 
STZ DRADD 
CLA RIN 
STO FRIA 
SJZ RHO1 
S T Z  RH02 
STZ PRHOl 
STZ PRH02 
S i 2  TCOUNT 
TRA FAD1-i 

P T H l  PTH HEADlsOs160’36 
P T H 2  P T H  HEAD290316096 
PTH3 P T H  HEAD3~0916C96  
P T H 4  P J H  HEAD490910060 
P T H 5  PTH EEr4D5 90910060 
HEADl BCD P E BETA TIME COS NU 2 NU R 

ZERO COUNTER OF T A B L E  ENTRIES 

BETA TO INITIAL R 
BETA TO RQK 
BETA T O  R o K  
BETA-PIE 

A6 

STORE t’\1/2 PI 
,?$,e5 IMIf3ALiZE PR 

N O Q  OF EQUATIONS TO RK1 
A7 

BEER=(2KM*l*=NO. OF WORDS/RECORD 
ZERO TO BEERT 

A 7 0 5  BEER TO IR1 

BEER TO DECREMENT 
INITIALIZE DRUM RK COUNTER 
3 TO DRYM ADDRESS 
SET FR!A INITIALLY W I T H  R6N 



00377 
00400 
00403. 
05402 
00403 
00404  
00405 
00406 
00407 
00410 
0 0 4 1 1  
00412  
00413  
00414  
00415 
00416 
00417  
00420  
0 0 4 2 1  
00422 
00423 
00424  
00425 
00426  
00427  
00430  
0 0 4 3 1  
00432 
00433 
00434  
00435 
00436  
0043? 
00440 
0 0 4 4 1  
00442 
00443 
00444  
00445 
00446 
0 W 4 7  
O i ? 4 5 O  
9 0 4 5 1  

BCD 6 KE R PR R A V E  AMP 

BCD 6 K E  R PR R A V E  AMP 

456460716060  
6 0 6 0 4 5 6 4 6 0 5 1  
6 0 6 0 6 0 6 0 6 0 6 0  
604225606060  
6 0 6 0 6 0 5 2 6 0 6 0  
6 0 6 0 6 0 6 0 6 0 6 0  
4 7 5 1 6 0 6 0 6 0 6 0  
516021652560  
606 06 02  14447  
606025606060  HEAD2 BCD E P BETA T I M E  cos NU z NU R 
606060604750  
606060222563  
2 1 6 0 6 0 6 0 6 0 6 0  
6 3 3 3 4 4 2 5 6 0 6 0  
606060602345  
6 2 6 0 6 0 6 0 6 0 6 0  
45 646 0716060 
6 0 6 0 4 5 6 4 6 0 5 1  
6 0 6 0 6 0 6 0 6 0 6 0  
604225606060  
606060516060  
6 0 6 0 6 0 6 0 6 0 6 0  
475140606060  
516021652560  
606060214447  
222563216060  HEAD3 BCD B E T A  P 
606060476060  
606060606025  
6 0 6 0 6 0 6 0 6 0 6 0  
6 3 3 1 4 4 2 5 6 0 6 0  
60606060  2346 
625060606060  
456460716060  
6 0 6 0 4 5 6 4 6 0 5 1  
606060406060  
604225606060  
696C60516060 
606060606060  
4 7 5 1 6 0 6 0 6 0 6 0  
516021652560  
606050214447  

606860602560  
4Q6047606040 HEAD4 f3CD P E T I M E  NU Z NU R R 

BCD 5 K E  R 

E T I M E  cos NU z NU R 

PR R A V E  AMP 

PR 



00452 606060606063 
00453 314425606060 
00454 606045646071 
00455 606060606045 
00456 646051606060 
00457 606051606060 
00460 606060606047 
00461 516060606050 
00462 606025606060 
03463 606060604760 
00464 606060606063 
00465 314425606060 
09466 606045646071 
00467 606060606045 
00470 646051606060 
00471 606051606060 
00472 606060606047 
00473 516060606060 

00 1 01124 
00475 -0 75400 0 00050 
00476 0 56000 0 02355 
00477 0 22000 0 02407 
00500 -0 60Q00 0 02411 
00501 0 60000 0 02440 
GO502 0 53400 2 02411 
00503 0 50000 0 02440 
00504 0 30000 0 02337 
00505 0 60100 0 02440 
00506 2 00001 2 00504 
00507 0 56000 0 02331 
00510 0 26000 0 02331 
OG5lI 0 60100 0 14521 
00512 0 50000 0 02353 
005;23 0 24000 0 14521 
00514 -0 60000 0 02441 
00515 0 26000 0 02403 
00516 0 60100 0 02404 
00517 G 50000 0 02403 
C0520 0 30200 0 02404 
0 0 5 2 2  0 30200 0 02337 
00522 0 30200 0 02337 
00523 0 601CO 0 0 2 4 1 3  
0 0 5 2 4  0 30200  0 02344 

H E A D 5  BCD E P T I M E  NU 2 N U  R R 

TW T X I  C L A P 9 1 5 0  
P X D  
LDQ MAXSTO 
DVH BEER 
STQ R A P  
S T Z  R S P A N  
L X A  R A P 9 2  
C L A  R S P A N  

STO R S P A N  
T I X  FAD19291 
LDQ N F L  
FMP N F L  
S T O  COMMON 
C L A  1 F L  
F D H  COMMON 
STQ lONSQ 
FMP B E T A  
STC? RAMP 
CLA B E T A  
F S B  RAMP 
F S B  D E L T A R  
FSB D E L T A R  
STO R M I N  
FSB R I h  

F A D 1  F A D  D E L T A R  

A 8  ZERO ACCUMULATOR 

P R  

MOO OF R V A L U E S  I N  A P I A R Y j R A P  
A8435 

R I N C R E M E N T  I N  A P I A R Y z R  S P A N  ( F L P T )  
A 9  

N SQ TO COMMON 
M A Y B E  CHANGED T O  2FL 

l/NSQ TO PERM. S T O R A G E  
A 1 0  

All 
RAMP=R A M P L I T U D E  F O R  P 

E S T I M A T E D  R M I N e  FOR P 
A i 2  

I 
N 
t- 
I 



00525 
00526 
00527 
00530 
03533 
00532 
00533 
O0534 
00535 
00536 
00537 
00540 
00541 
08542 
00543 
00544 
00545 
00546 
00541 
@ 0 5 5 @  
00551 
GO552 
00553 
00554 
00555 
00556 
00557 
00560 
00561 
00562 
00563 
00564 
00565 
00566 
30567 
00578 
00571 
00572  
80573 
00574 
00575 
G O 5 7 6  
GO571 

0 24900 0 02337 FRH D E L T A R  
-0 60000 0 14521 STQ COMMON 
0 50000 0 14521 C L A  COMMON 
0 07400 4 03213 TSX FLOFX94 
0 00000 0 00043 P Z E  35 
0 42000 0 00000 HPR 
0 60100 0 02432 STO MTLOC 
0 10000 0 00550 T Z E  A 1 3 5  

-0 12000 0 00550 T M I  A335 
0 53400 2 02432 L X A  MTLCiC92 
0 50000 0 02434 C L A  F R I A  
0 30000 0 02337 F A D 2  F A D  DEL'TAR 
0 60100 0 02434 STO F R I A  
2 08001 2 00540 J!X FA029291 
0 53400 2 02432 L X A  M T L O C 1 2  
0 76200 0 00221 SKIP R T B  i 
0 76200 0 00222 R T B  2 
2 00001 2 00544 T I X  SKIP9291 
0 02000 0 00553 TRA A15 
0 60000 0 02432 A135 S T Z  MTLOC 
0 50000 0 02344 CLA RfN 
0 60100 0 02434 SfO FRIA 
0 53400 1 02411 A 1 5  L X A  R A P 9 1  
0 53400 2 02407 L X A l  L X A  B E E R 1 2  
G 50000 0 (22356 C L A  MAP 
0 49200 0 02406 SUB BEER? 
0 62100 0 00565 S T A  CPY 
0 60000 0 02262 STZ RETRY4-9 
0 76200 0 00221 RTB 1 
0 70000 0 14521 CPY COMMON 
0 02000 0 00565 TRA CPY 
0 02000 0 00575 TRA READER 
0 73000 2 00000 / p P y  C ? Y  092 
2 Or3001 2 0 0 5 6 5 .  T Z X  CPY9291 

0 07400 4 02251 TSX R E T R Y 9 4  
0 50000 0 02406 C I A  B E E R T  
0 40Q00 0 02407 ADD B E E R  
0 60300 0 02406 STO B E E R T  
2 00001 J. 30554 T I X  LXA19191, 
0 76100 0 00000 READER NCP 

ST2 S E E R T  
0 53400 1 02411. L X A  RAP91 

-0 76000 0 00012 RTT 

FLr  P T r  T A P E  L O C A T I O N  

ENTER F L O A T I N G  TO F I X  R O U T I N E  

A 1 3  

A14 
I N I T I A L L Y  F R I A  C O N T A I N S  R I N  

F R I A = F I R S T  R 3 N  A P I A R Y  

S K I P  TO I N I T I A L  RECORD 

Q 
Iu 
ry 

E 

A 1 3 0 5  

A 1 5  I R 1  C O N T A I N S  NUMBER OF RECORDS IN A P I A R Y  
IR2 C O N T A I N S  NUMBER OF F I E L D S / R  V A L U E  
COPY LOOP FOR R E A D I h G  F IELDS 

ZEROCOUNTER 

REDUNDANCY T A P E  CHECK 
F A I L E D 9  TRY A G A I N  

I N I T I A L  HIVE OF BEES I N  APIARY 

LOAD I R S  FOR R E A D I N G  D E R I V A T I V E S  
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GlG54 
01055 
01056 
01057 
01C60 
0 1 0 6 1  
01052 
21063 
01064  
01065 
01066 
01067 
01C70 
0 1 0 7 1  
01072 
01073 
01074 
01075 
01076  
01077 
olio0 
01101 
01302 
01103 
01104 
01105 
01106 
01107 
01110 
01111 
01112 
01113 
01114 
01115 
01116 
01117 
01120 
c'11.21 
01122 
01123 
31124 
31125 
t " l i 2 6  

0 
(3 

-0 
r3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
1 
0 
0 
0 

30200 3 
2 4 0 0 0  0 
60000 0 
50000 0 
07400 4 
oooor j  c) 
420CO 0 
60100 0 
z0orjo 0 
07400 4 
00000 0 
42000 0 
60300 0 
56000 0 
26000 0 
30000 0 
60100 0 
56000 0 
20000 0 
60000 0 
50000 0 
40000 0 
40000 0 
40000 0 
73400  1 
53400 2 
50000 0 
76000 0 
02000 0 
50000 0 
40000 0 
62200 0 
34000 0 
00000 0 
02000 0 
76l.00 0 
50000 0 
40000 0 
6C100 0 
soooo 1 
50000 1 
50100 2 
36100 0 

0 2 4 3 4  
02337 
1 4 5 2 1  
1 4 5 2 1  
03213 
0 0 0 4 3  
0cooo  
02453 
02012  
03233 
00043 
00000 
02454 
02454  
02337 
02434  
02502  
02453 
02407 
02452 
02452 
02407 
02407 
02363 
00000 
02366 
0 2 4 5 1  
00001 
01120 
01123 
0 2 4 0 0  
01123 
00474 
01115 
01 133 
00000 
0 2 4 5 1  
02363 
3 2 4 5 1  
31124 
1 0 3 2 1  
02465 
e1136 

FSB F R I A  
FDH DELTAR 
STO CObiMOl\i 
CLA C O M d l N  
TSX FLOFX94 
P Z E  35 
HPR 
S T O  F I X  
TZE 2 1 2  
T b X  FXFLO94 
PLE 3 5  
HPR 
STO FLT 
LDQ FLT 
FMP DELTAR 
FAD F R I A  
SJO R2 
LDQ F I X  
MPY BEER 
STQ I N T  
CLA I N T  
ADD BEER 
ADD BEER 
ADD FX1  
P A X  os1 
LXA FX492 
CLA TC 
LBf 
TRA INCTC 
CLA T X I  
ADD B I T  
STD T X I  
CAS Tt.1 

TOFAR HTR TOFAR 
T H A  SETDC 
kOP 

I N C T C  CLA T C  
ADO F X 1  
S T O  TC 

CLAP CLA A P I A R Y 9 1  
TXI TXI. CLAP9193 

STQ 8 5 9 2  
NGP EFORZ 

8 2  FIX=NOo OF R VALUES R IS FROM A P I A R Y  

83 FLT=FIX  FLOATED 

E4 CALCULATE R2 FOR INTERPOLATION 

85 INT=RELATIVE ADDRESS OF R2 FROM APIARY 

a6 4 

LOAD I H 1  W I T H  REL. ADDRESS OF K 4  
a7 4 I N  IRZ 
8 8  

WHEN C(ACl35=O 
WHEN C ( AC 135=1 

STOP THETA TOO LARGE 
WHEN THE?A=2 P I / &  

I N C R E A S E  TEST COUNTER 

ADVANCES TjlETA PICK-UP 

FIELDS FOR ThTE%?OLATION 
NOP T i j  TRA T O  Y r C l c  GP DT 

i 

/ 

I ,  



01127  2 00000 1 0 1 1 3 1  
01130  76100 0 00000 
0 1 1 3 1  2 OOOOl 2 0 1 1 2 4  
01332 0 0 2 0 0 0  0 0 1 1 5 4  

01134  0 6 2 2 0 0  0 01123 
01135 0 0 2 0 3 0  0 01320 
C113.6 U 5 O G O O  1 1 4 5 2 1  
01137  0 6 0 1 0 0  2 02472  
01140 0 0 2 0 0 0  0 0 1 1 2 7  
C 1 1 4 1  -0 6 3 4 0 0  1 02655  
01142 -0 6 3 4 0 0  2 02654  
01143 -0 63400  4 02657  
0 1 1 4 4  0 5000i) 0 02527  
01145  3 30000 0 02337 
01146  0 60160 0 1 4 5 2 1  
01147  0 56000 0 1 4 5 2 1  
01150 0 50000 0 0 2 4 3 6  
01151 ci 040c30 0 01153 
01152  0 42000  0 00000 
01153  0 G2COO 0 01053 
01154  0 5 0 0 0 6  0 02527  
01155 9 30.200 C 02502 
G1156 0 24000  0 02337 
01157 -0 6 0 0 d 0  0 02450  
01160 0 26000  0 0 2 4 5 0  
01161 0 60100 0 02447  
01162 0 560CO 0 02447  
01163 0 26000  6 0 2 4 5 0  
01264  0 60100 0 02446  
01165 0 302CC c 02450  
01166 0 60100  3 1 4 5 2 1  
01167 C 24000  0 02370  
0117G - G  60000 0 02455  
O l l 7 l  0 515000 0 1 4 5 2 1  
01172 0 26000  0 02373  
0li73 0 30200  0 02447  
0 1 1 7 4  G 300CO d 02353  
OL175 0 40100 6 0 2 4 5 7  
01176 0 5 0 0 0 0  0 1 4 5 2 1  
0:127 0 30200  G 02450  

31201  0 7 6 0 0 0  0 OOGOZ 

01133 -0 7 5 4 0 9  o ooooo  

G L ~ W  o 3 0 2 0 0  e ~ 4 4 7  

NEXT T I X  CLA?+Zvl 

SETDC PXU 
TRA R I . W T " r 1  

b T D  TYcl. 

BFORZ C L A  33THETA91 
TRA : !dCTC 

ST3 D5592 
FORSU TRA TIXN 
WRKY3 SXD JUIdK+l s 1 

S X 3  JlJAiK-i-2~2 
SXD JU!\a1(+3 9 4 
CLC, R 
FAD G E L T A H  
S T O  COIv'lihiiOT\I 
LDQ COi;iitlOh 
C L A  M A R I A  
TLQ RIGHT 
HPR 

RIGHT TRA BEEP 
C L A  R 
f S 8  R 2  
FDrl DELTAR 
s T Q  X 
FMP X 
S T O  XSQ 
LDW XSQ 
F E4P X 
STO XCUB 
FSB X 
STO COivli4ON 
FDH 6 F L  
S T O  A 4  
i D Q  COI\III4ON 
FMP HALF 
FSi3 xso 
FAD 1 F L  
S T O  A2 
€LA C O K f W N  
FaB X 
FSB XSQ 
CHS 

ALL 4 F I E L D S  FOR IIJTEK. STOKED 

SET UP INCRE!~1Ef\iT FOR THETA=2 P:/N 

!3 CERIVATfVES STORED TO I N T E R P O L A T E  

K1 S T O i I E  ALL X.ReS 

K2 TEST Oi\l SUFFICIENT FIELDS FOR INTERPOLATION 

K3 

K 5  TO P I C K  UP BEES AND DERIVATIVES 
K6 

STOP NEEG MORE FIELDS 

X=(R-R21/DELTA R 
X USED I N  INTER. POLY. 
X SQUA?,ED=XLQ 

x CUBED=XCLIE 

A1 9A2 9A3 sANDA4 
K8 CALCULATE INTER. C0EFF.z 

A2=IX CUEE-2X SQ-X-k2)/2 

..n 

'I 



. Y I 

o i 2 0 2  
01203  
0 1 2 0 4  
0 i 2 0 5  
01296  
01207 
01210 
01211 
01212 
01213 
0 1 2 1 4  
01215 
01216  
01217 
0 1 2 2 0  
0 1 2 2 1  
01222  
01223  
01224  
01225 
01226  
01227 
0 1 2 3 0  
0 1 2 3 1  
01232  
0 1 2 3 3  
0 1 2 3 4  
01235  
01236 
01237 
01240  
0 1 2 4 1  
01242  
01243  
0 1 2 4 4  
01245 
01246  
01247 
91250  
0 1 2 5 1  
01252  
0 1 2 5 3  
0 1 2 5 4  

0 2 4 0 0 0  0 0 2 3 5 4  
- 0  6 0 6 0 0  0 0 2 4 5 6  

0 500OG 0 02447  
0 30200  0 0 2 4 5 0  
0 24000  G 0 2 3 5 4  

- 0  6 0 0 0 0  3 1 4 5 2 1  
0 50000  0 1 4 5 2 1  
0 30200  0 0 2 4 5 5  
0 6 0 1 0 0  0 02460  
0 56000 0 02447  
0 26000  0 (32373 
0 60100 0 1 4 5 2 1  
0 30203  0 0 2 3 7 4  
0 60100 0 14525  
0 50000  0 0 2 4 5 0  
0 30200  0 1 4 5 2 1  
0 3 0 2 0 3  0 02375  
0 6 0 1 0 0  0 1 4 5 2 2  
C 56000  0 1 4 5 2 1  
0 2 6 0 0 0  0 0 2 3 6 1  
0 60100 0 1 4 5 2 1  
0 302GO 0 0 2 4 5 0  
0 30200  0 6 2 3 5 3  
0 7 6 0 0 0  0 00002  
0 60100 0 1 4 5 2 4  
0 5 0 0 0 0  0 1 4 5 2 1  
0 30200  0 0 2 4 5 0  
0 3 0 2 0 0  0 0 2 4 5 0  
0 3 0 2 0 0  0 02373  
0 6 0 1 0 0  0 1 4 5 2 3  
0 5 6 0 0 0  0 1 4 5 2 2  
C 2 6 0 0 0  0 0 2 4 6 4  
0 SOJ.00 0 1 4 5 2 2  
0 56UOO 0 1 4 5 2 3  
0 2 6 0 0 0  0 0 2 4 6 3  
0 30000  0 14522  
0 6 0 1 0 6  0 14522  
0 5 6 0 0 0  0 1 4 5 2 4  
0 26000  0 02462  
0 30G00 0 14522  
0 60100 0 1 4 5 2 2  
0 56000  0 14525  
0 26C00 0 3 2 4 6 1  

F D H  2 F L  
STQ A 3  
C L A  XSQ 
Fb3 X 
FDH 2 F L  
STQ COi4MON 
C L A  COhikON 
F S B  A 4  
S T C  A 1  
L D Q  XSQ 
F M P  HALF 
S T O  COMlvrON 
FSB SIXTH 
S T O  COMI4ON+4 
C L A  X 
F S B  COMNON 
FSB T H I R D  
S T O  COM!4Olv+1 
LDQ COEiMON 
F i b l P  3 F L 
S T O  COMMOI'J 
FSB X 
FSB 1FL 
CHS 
S T O  COMMON+3 
CLA COM&ION 
FSB X 
FSB X 
FSB HALF 
STO cOMKON+2 
LDQ C O W l O N + l  
FMP B 1  
STO C O w 4 0 N + 1  
i D Q C 0 Pibi 0 i\i + 2 
FMP 8 2  
F A D  COMMON+l 
s TO COI\/IfiOh+ 1 
LDG, COMPlON+3 
F M P  33  
F A D  COP/rMDW+1 
STO COMMON+1 
LDQ COh.li.iiGtll+4 
FMP B 4  

A3=-(X CUBE-X  Sc?-2XI /2  

LX S O - X ) / 2  IN COi*iiblON 

A l = - ( X  CUBE-3X S W + 2 x ) / 6  
K 9  CALCULATE C O E F F I C I E i q T S  FOR ii u E K I V A T I V E S  

1 / 2  X SQUARE I N  CONiviON 

A4*=1/2X SQ-1/6  

,Q,2*=3X b Q / 2 - 2 X - 1 / 2  
K i O  D 3 D R = A l * t i l + A 2 * B 2 + A 3 W 3 3 + A 4 * i 3 4  

A1*3cB1 I iV COMMON+i 



01255 
01256 
01257 
01260 
01261 
01262 
01263 
01264 
01265 
01266 
01267 
C1270 
0 1 2 7 i  
01272 
01273 
01274 
01275 
01276 
01277 
01300 
01301 
01302 
01303 
01304 
Ob305 
Q1306 
01307 
01310 
01311. 
01312 
01313 
01314 
01315 
01316 
01317 
0132i) 
01321 
01322 
01323 
01324 
01325 
01326 
01327 

0 
0 

-0  
0 
0 
0 
0 
0 
0 
0 
G 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-0  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

30000 
2400; 
60000 
56000 
26000 
60100 
56000 
26000 
30000 
60100 
56COO 
26000 
33000 
60100 
56000 
26000 
30000 
60100 
56000 
26000 
60100  
50000 
30200 
60100 
07400 
42G00 
60100 
50000 
24000 
60000 
26000 
60100 
56000 
26000 
60100 
56000 
26000 
30200 
76300 
60100 
56000 
26000 
69100 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
0 
0 
0 
C 
0 
0 
0 

14522 
02337 
02476 
02460 
02464 
14522 
02457 
02463 
14522 
14522 
02456 
02462 
14522 
14522 
02455 
02461 
14522 
02477 
02530 
02530 
14521  
02401  
14521  
14521  
03162 
01306 
02474 
02353  
02474 
02500 
02530 
14521 
14521  
02527 
02630 
02527 
02477 
02474 
00002 
02631  
02527 
02476 
14525 

FAD COPu.iOI\I+l 
F D H  D E L T A R  
STQ DBDR 
LDQ A 1  
F W  8 1  
S T O  COP"lViOi\l+l 
LDQ A2 
FIviP B2 
F A D  COiwi01L+1 
S T 0 C 0 EViiv'iO iU + 1 
LDQ A3 
FPIP 8 3  
F A D  C 0Pii"iON -i- 1 
S T O  C O M I ~ I O N + ~  
LDQ A4 
FI4P 8 4  
F A D  COMPiON+l 
STO B 
LDQ PR 
F W  P R  
S T O  C O M I ~ I O I \ ~  
C L A  PSQ 
FSB COMPiOid 
STO COMl~iON 
TSX SQRT94 

STO Q I N V  
C L A  1 F L  
FDH Q I N V  
STQ QEALL 
FMP PFi 
STO COiWUJh 
LDQ COIJlYION 
FMP R 
STO VRKY3-7 
L D Q  8 
FMP B 
FSB Q I N V  
CHS 
STO VRKY3-6 
L D Q  R 
F W  DBDR 
ST0 CO%i~ON+5 

SQRTQ HPR S Q R T G  

K 1 1  B=AlBl+A2t32+A3d3+A4d4 

K12 

Pi3 SQUARED Ii\i CUri iWN 

P SQ-PK SW I i U  COMMJN 
K 1 3  ENTEK SQUARE ROOT I IOUTI i \ IE  

K14 SW R f i P  SO-PK S Q ) = O  INVERSE 

Q BALL=I/SQKTtPSQ-PRSO) 

QPR I N  COIwiOlij 
K15 

K 1 6  

F(PRI=Q INV-RB 
K17 



01330 
0 1 3 3 1  
0 1 3 3 2  
0 1 3 3 3  
0 1 3 3 4  
0 1 3 3 5  
0 1 3 3 6  
0 1 3 3 7  
0 1 3 4 0  
0 1 3 4 1  
0 1 3 4 2  
0 1 3 4 3  
0 1 3 4 4  
0 1 3 4 5  
0 1 3 4 6  
0 1 3 4 7  
0 1 3 5 0  
0 1 3 5 1  
0 1 3 5 2  
0 1 3 5 3  
0 1 3 5 4  
0 1 3 5 5  
0 1 3 5 6  
0 1 3 5 7  
0 1 3 6 0  
01361 
01362 
01363 
0 1 3 6 4  
0 1 3 6 5  
0 1 3 6 6  
0 1 3 6 7  
0 1 3 7 0  
0 1 3 7 1  
0 1 3 7 2  
0 1 3 7 3  
0 1 3 7 4  
0 1 3 7 5  
0 1 3 7 6  

0140 f r  
0 1 4 0 1  
OL-%02 

~ 1 3 7 7  

0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 

0 
0 
0 
0 
0 
0 
c, 
0 
r, 
G 
0 
0 
0 
C 
0 
0 
c 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
C’ 
$2 

e 

3 0 0 0 0  0 
6 9 1 0 0  0 
560CO 0 
2 6 0 0 0  0 
60150 0 
560G0 0 
2 6 6 0 0  0 
6 0 1 0 0  0 
5 6 0 0 0  0 
2 6 0 0 0  0 
6 0 1 0 0  0 
5 6 0 0 0  0 
2 6 0 0 0  0 
6 0 1 0 0  0 
5 6 6 0 0  0 
2 6 0 0 0  0 
6 0 1 0 0  0 
5 6 6 0 0  0 
2 6 0 0 0  0 
3 0 0 0 0  0 
5 O L C O  0 
5 6 0 0 0  0 
2 6 0 0 0  0 
6 0 1 0 0  0 
5 6 0 0 0  0 
2 6 0 0 0  0 
3 9 0 0 0  0 
6 0 1 0 0  0 
5 6 0 0 0  0 
2 6 0 0 0  0 
6 0 1 0 0  0 
56000  0 
2 6 0 0 0  0 
30000 0 
7 6 0 0 0  0 
60100 0 
5 6 0 0 0  0 
2 6 0 0 0  0 
6 O l O O  0 
5 6 0 3 0  0 
2 6 0 0 0  0 
30QCQ C: 
7603a G 

0 2 4 7 7  
1 4 5 2 3  
0 2 5 0 0  
0 2 5 2 7  
1 4 5 2 4  
0 2 5 0 0  
0 2 5 0 0  
1 4 5 2 2  
1 4 5 2 2  
0 2 4 0 1  
1 4 5 2 2  
1 4 5 2 2  
1 4 5 2 4  
1 4 5 2 5  
0 2 5 3 1  
1 4 5 2 1  
1 4 5 2 2  
0 2 5 3 2  
1 4 5 2 5  
1 4 5 2 2  
0 2 6 3 2  
0 2 5 3 3  
1 4 5 2 1  
i 4 5 2 2  
0 2 5 3 4  
1 4 5 2 5  
1 4 5 2 2  
0 2 6 3 4  
1 4 5 2 1  
0 2 5 3 2  
1 4 5 2 2  
0 2 5 3 1  
1 4 5 2 3  
1 4 5 2 2  
6 0 0 0 2  
0 2 6 3 3  
1 4 5 2 1  
0 2 5 3 4  
1 4 5 2 2  
0 2 5 3 3  
2 4 5 2 3  
1 4 5 2 2  
423592 

F A D  
S T O  
LDQ 
F idiP 
STO 
LDL4 
F Lip 
S T O  
LDQ 
F: MP 
S T O  
LDG) 
F i4P 
S TO 
LDQ 
FMP 
S T O  
LDQ 

F A D  
STO 
LDQ 
F IW 
STO 
LDQ 
F idi P 
F A D  
STO 
LDQ 
FfiP 
S T O  
LDQ 
F i.iP 
F A D  
CHS 
STO 
LDQ 
FNP 
S i 0  
LOG 
F Vi P 
FAD 
cws 

FkiP 

P SQ R Q CUBED IN COiviMON+4 
K18 

.! 



01403 
01404 
01405 
01406 
01407 
01410 
0 1 4 1 1  
01412 
01413 
01414 
01415 
01414 
01417 
01420 
0 1 4 2 1  
01422 
01423 
01424 
01425 
O l L 2 6  
0 1427 
01430 
0 1 4 3 1  
01432 
01433 
01434 
01435 
01436 
01437 
01440 
0 1 4 4 1  
1 .  1 A+l.G 

01443 
01444 

01446 
01447 
01450 
01451  
01452 
01453 
01454 
31455 

r . .  

0 -  * ,  r- - .  . . _  

0 60100 0 02635 
0 50030 0 02353 
0 60100  0 02636 
G 02000 0 03.460 
0 560C0 (3 02460  
0 26300 0 0 2 4 7 1  
0 60100 0 14522 
0 56000 0 02457  
0 26000 0 C2470 
C 30000 0 14522 
0 60100 0 14522  
0 56000 0 02456  
0 26000 0 02467  
0 30000 0 14522 
0 60100 0 14522 
0 56000 0 02455 
0 26000 0 02466  
0 30000 0 14522 
0 60100 0 G2501  
0 56000 0 14524  
0 26000 C 02402 
0 60100  0 14522 
0 56000 0 14522 
0 26000 0 02405 
0 60100 0 02627 
0 56000 0 02527  
0 26000 0 02405 
0 60100 0 02622 
0 56000 0 14524  
0 26000 0 02523 
0 60100 0 02623 
0 56000 0 14524  
0 26000 0 02525 
6 601C0 0 02625 
A - _.- ~~n~~ - :: ?1:.521 
C 26000 0 0 2 5 0 1  
0 30200 0 14526 
0 76000 0 00002 
0 60100 0 14527 
0 56oOrJ C 14527  
0 26000  0 02522 
0 601QG 0 02624  
G 560QO 0 14527  

STO VRKY3-2 
CLA I F L  
S T O  V R K Y 3 - 1  

LGQ A 1  
FMP D E 1  
S 3 0 C C;iL;PtO iil + 1 
LDQ A2 
F;W C62 
FAD CGi./ib$OiJ+L 
S T 0 C OM+O i\i + 1 
L C Q  I43 
FMP DEI3 
FAD COE/IMOfl+l 
STO COIYMOI'J+l 
CDQ A4 
FIviP 064  
FAD COKI:'ION+l 
5TO DTHETA 
LDQ COI4kOl\l+3 
FMP E 
STG COiWON+l 
LDQ COMMON+l 
FMP N02P! 
S T O  VRKY3-8 
LDQ R 
FMP N02PI 
STO VRKY3-13 
LDQ COQ,i~iOid+3 
FMP F Z 1  
STO VRKY3-12 
LDQ CONMON+3 
FMP PZ2 
STO VRKY3-10 
LDQ COiviMON 
FE4P DTHETA 
FSB CGt.'rMOi'4+5 
SdS 
STO COMI4ON+6 
LDQ COM40N+6 
FMP Z 1 
STO VRK'f3-11 
h 3 Q C 0 I v 1 M 3  id+ 6 

K23 TRA KEXIT 

F (PX2 1 STORED 

F (THETA) 
K22 

K23 
K24 THETA U t R I Y k T X V t = k l  Oal+A2 Ub2+A3 Dti3+A4 084 , 

o 'i 
LJ 
Iu 
0 

K25 

I 
F [ T I = E R Q N / ~ P I  

K26 

F ( R  AVEf=RN/2PI  
A27 

F f P Z l i = ( i ?  DBDR-Q Pi3 CfHETAiZl 
K30 

\ 



01+56 
01457 
0 1460 
0 1 4 6 1  
01462 
01463 
01464  
31465 
01466  
01467 
01470 
01471 
01412 
01473 
01474 
01475 
01476 
0 1437 
01500 
0 1 5 0 1  
01502 
01503 
01504 
01505 
01506 
01507 
01510 
01511 
01512 
01513 
01514  
01515 
01516 
01517 
C1520 
0 1 5 2 1  
01522 
01523 
01524  
01525 
01526  
r31527 
01530 

0 26000 0 
0 60100 0 

-0 53400  1 
-0 53400 2 
-0 53400 4 

0 02000 4 
0 5 3 0 0 0  0 
0 60100 0 
Cl 53400 2 

2 00001 2 
0 60000 0 
0 60000  0 

0 60000 0 
0 6 0 0 0 0  0 
0 60000 0 
0 60000  0 
0 60000 0 
0 50000 0 
0 60100 0 
3 60100 0 
0 60100  0 
0 6 0 1 0 0  0 
0 60100 0 
0 6c1000 0 
0 07400  4 
0 42000  0 

-0 63400  1 
0 76100 C 
0 53400  1 
0 76600 0 
0 4 6 0 0 0  0 
0 7 0 0 0 0  1 
2 Q O O O l  L 
0 50000 0 
0 4000if 0 
0 60100  0 
3 40200  0 
0 12000 0 
0 50000  0 
0 40000  0 
0 60100 0 

0 6ooeo 2 

o 6 ~ 0 0 0  0 

0 2 5 2 4  
02626  
02655  
0 2 6 5 6  
G2657 
00001  
0 2 3 5 1  
02347  
02347  
0 2 6 5 4  
01467  
0 2 5 2 4  
02523  
0 2 5 4 1  
02540  
02526  
0 2 5 2 1  
02536  
02543  
0 2 3 5 3  
0 2 5 2 2  
(22525 
02542 
0 2 5 3 7  
0 2 5 0 6  
02507  
03000 
00000 
02660  
01541 
0 2 3 5 1  
0 0 3 0 1  
01532 
02536  
01517  
01533 
02363 
01533 
02365 
01534 
01532  
0 2 3 5 1  
01532 

FKP 1 2  
STO 'dRKY3-9 

KEXIT L X D  J U N K t l 9 1  
L X D  JUIUK+2 9 2 
LX,D JUhK+3 9 4  

TqA 1 9 4  
Z R O U J  C t A  NURKY5 

S T O  N U R K Y 3  
L X A  NURKY 3 9 2 

STZ2  STZ C R K Y 3 9 2  
T I X  S T i 2 9 2 9 l  
s i z  2 2  
S T Z  PZL 
S T Z  YRKY3-10 
STZ Y R K Y 3 - 1 1  
STZ T I M E  
S f Z  RAVE 
SfZ YRKY3-13 
S T Z  YRKY3-8 
C L A  1 F L  
STO Z 1  
S T O  PZ2 
STO YRKY3-9 
STO YRKY3-12 
STO NINA 
STZ MAXA 

R K 2  TSX RKY394 
H2 HPR 

SXD JUNK3491 
iUOP NUGOON 
LXA NURKY591 

LDA DRADD 

T I X  C O P Y , 1 9 1  
C L A  COUI\IT 
ADD FX: 
STO COUNT 
SUB S T 1 5 7  
TPL REDRUivi 
C L A  DRADD 
ADD NURI(Y5 
S T O  DRADD 

d D R 1  kJDR 1 9 3  

COPY CPY THETA+lsl 

F ( P Z 2 )  

Z ROUT 1 3  EQUATIOiVS TO BE SOLVED R . K r 2  
1 3  EOUATIOlJS T O  t3E SOLVED RK2 

Q BANK ZEROED 
22 I N I T I A L I Z E  K K 2  

23  

1 F L  Ii\i CELL TO LOCATE MINIMUM K 
0 I N  CELL TO LOCATE P l A X l i W i ~ I  K 

24 EItTER KUNGA-KUTTA 2 

STORE 1.R.l 

PUT 1 3  I N  I e R . 1  
SELECT DRUM 
LOCATE DRUM A D D R E S S  
COPY 13 W R D S  OiJ DHUivi 

25  STORE JUIUK OIV DRUi4S 

I ivCREASE DRUh COUNT El3 
I S  COUMTER=157 
YES, GO TO REDRUM 
NO 9 

If&XEASE DRUi.1 ADDRESS 8 Y  1 3  

, 

i 



01531 0 0 2 0 0 0  0 0 1 5 4 1  TRA NUGQON 
01532 0 00000 0 00000 DRADD HTR 
01533 0 O O O G O  0 03000 COUNT HTK 
01534 0 6 0 0 0 0  0 01532 REDRUN S T Z  DRADD 
01535 0 60000  0 01533 STZ COUldT 
01536 Q 50000 0 01515 C L A  WDR1 
01537  C 40000  0 02363 ADD F X 1  
01540 0 60100 0 0 1 5 1 5  STO b i 3 R 1  
01543. 3 5 0 0 0 0  0 02527 NUGOOId CLA R 
01542 
01543 
01544 
01545 
01546 
01547 
01550 
0 1 5 5 1  
01552 
01553 
01554  
01555  
01556 
01557 
01560 
01561  
01.562 
01563 
01564 
01565 
01566 
01567 
01570 
01571 
01572 
01573 
01574 
01575  
01576 
03577 
03609 
01601 
01602 
01603 

0 
0 
0 
0 
0 
0 
0 

-0 
2 
0 
0 
G 
0 
0 
0 
0 
0 
0 

-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-0 
0 
0 
0 
0 

56000 
04000 
60100  
56000 
0 4 0 0 0  
02000  
60100 
53408 
00001 
56000 
26000 
60100 
56000 
26000  
30200 
50200 
76300 
30200 
12000  
00000 
56000  
26000  
60100  
56000 
26000  
30200 
30200 
7 6 0 6 0  
30200 
12000  
OOOGU 
5 0 0 0 0  
30000 
24000  

0 02506 
0 01545  
0 02506 
0 02507  
0 01550 
0 01551 
G 02507 
I 02660  GOON 
1 01510 
0 02533 
0 02532  
0 1 4 5 2 1  
0 0 2 5 3 1  
0 02534  
0 1 4 5 2 1  
0 02353 
0 00003 
0 02364  
0 01566 
0 00000 
0 0 2 5 2 4  P A T  
0 (22523 
0 1 4 5 2 1  
0 02522 
0 02525  
0 1 4 5 2 1  
0 02353 
0 00003 
0 02364  
0 01501 
0 00000 
0 0 2 5 3 1  PET 
0 02534  
0 02354  

LDQ M I N A  
T L Q  NUGO0EJ-t-4 
STO N I N A  
LDQ MAXA 
T L Q  NUGOON+7 
TRA GOCN 
STO MAXA 
LXD JUNK-t-491 
T I X  RK29191 
LDQ X2 
FMP P X 1  
STO COKMON 
LDQ X 1  
FI4P P X 2  
FSB COivZMON 
FSB 1FL 
SSP 
FSB EPS2 
T M I  P A T  
H T R  
LDQ 22 
FMP P Z 1  
S T O  COMMON 
LDQ 21 
FMP P Z 2  
FSB COiWiON 
FSt3 1FL 
SbP 
FSB EPS2 
T M I  P B T  
HTR 
C L A  X 1  
FAD PX2 
F D H  2 F b  

DRUM ADDRESS COLlNTER 
NO. O F  Hk S T E P S  PEK DKUPI 
SET DRUM ADDRESS ZERO 
SET COUiVTEH=O 

26 

27 
F I i \ l A L  P A S S  THRU O R B I T  COi4PLETED 

ALPHA 12 X A L P H A  21 1N COIvlMON 
A L P H A  11 X A L P H A  22  

ALPHA DETERl4 INANT - 1 

ABSOLUTE VALUE O F  ( A L P H A D E T o - 1 )  
- E P S I  LON2 
FLUNKED 
PASSED A L P H A  T E S T  

BETA 12 X B E T A  2.l 

F L U N g E D  $ E T A  TEST 
Z 8  

COS S I G M A  R 



0 1 6 0 4  -0 6 0 0 0 0  0 0 2 4 1 6  
0 1 6 0 5  0 5 0 0 0 0  0 0 2 5 2 2  
0 1 6 0 6  0 3 0 0 0 0  0 0 2 5 2 5  
0 1 6 0 7  0 2 4 0 0 0  0 0 2 3 5 4  
01610 -0 6 0 0 0 0  0 0 2 4 2 0  
01611 0 5 0 0 0 0  0 0 2 5 2 7  
02612  0 3 0 2 0 0  0 0 2 4 1 4  
0 1 6 1 3  0 7 6 0 0 0  0 00303 
0 1 6 3 4  0 6 0 1 0 0  0 1 4 5 2 1  
01615 0 5 0 0 0 0  0 0 2 5 3 0  
0 1 6 1 6  0 3 0 2 0 0  0 0 2 4 1 5  
01617 0 7 6 0 0 0  0 0 0 0 0 3  
0 1 6 2 0  3 3 0 0 0 0  0 14521 
0 1 6 2 1  0 6 0 1 0 0  0 0 2 4 7 3  
0 1 6 2 2  0 50000 0 0 2 4 1 6  
0 1 6 2 3  0 07400 4 0 2 6 6 4  
0 1 6 2 4  9 0 2 0 0 0  0 0 1 6 4 1  
Q 1 6 2 5  0 6 0 1 0 0  0 1 4 5 2 1  
0 1 6 2 6  0 5 6 0 0 0  0 1 4 5 2 1  
0 1 6 2 7  0 2 6 0 0 0  0 0 2 4 0 5  

0 1 6 3 1  G 5 0 0 6 0  0 0 2 4 2 0  
0 1 6 3 2  0 0 7 4 0 0  4 0 2 6 6 4  
0 1 6 3 3  0 0 2 0 0 0  0 0 1 6 4 5  
0 1 6 3 4  0 60100 0 1 4 5 2 1  
0 1 6 3 5  0 5 6 0 0 0  0 1 4 5 2 1  
0 1 6 3 6  0 2 6 0 0 0  0 0 2 4 0 5  
01637 0 6 0 1 0 0  0 0 2 5 0 4  
0 1 6 4 0  0 0 2 0 0 0  0 01651 
0 1 6 4 1  0 5Occo 0 0 2 4 1 6  
0 1 6 4 2  0 3 0 0 0 0  0 0 2 3 7 7  
0 1 6 4 3  0 60100 0 0 2 5 0 3  

0 1 6 4 5  0 5 O O O i )  0 0 2 4 2 0  
0 1 6 4 6  0 3 0 0 0 0  0 0 2 3 7 7  
0 1 6 4 7  0 6 0 1 0 0  0 9 2 5 0 4  
0 1 5 5 0  0 0 2 0 0 0  0 0 1 6 5 1  
0 1 6 5 1  0 5 0 0 0 0  0 0 2 5 0 7  
0 1 6 5 2  0 3 0 2 0 0  0 0 2 5 0 6  
0 1 6 5 3  0 2 4 0 0 0  0 0 2 3 5 4  
0 1 6 5 4  -0 6 6 0 0 0  0 0 2 5 1 0  
0i655 0 5 6 6 0 0  0 0 2 4 8 2  
G1656 0 26C00 0 0 2 3 7 6  

0 1 6 3 0  0 6 0 1 0 0  3 0 2 5 0 3  

0 1 5 4 4  o 0 2 0 0 0  o 01631 

STQ CSR 
CBA 2 2  
F A D  PZ2 
F D H  2FL 
.STQ CSZ 
C L A  I? 
FSi3 I I ? I I T R  
SSP 
S T G  COl4MON 
C L A  PR 
FS3 INZTPR 
SSP 
FAD CO!WiON 
S T O  EPI 
C L A  CSR 
TSX ARCOS94 
TRA C S R O  
SJO COf4MON 
L D W  CONi4ON 
FILP hO2PI. 
S O  & U R  

C A L N U  C L A  CSZ 
TSX ARCOS54 
TRA CSR0+4 
STO COMMON 
LDQ CONbION 
FMP NO2PI 
S f O  N U L  
TRA 2 8 4  

CSRO C L A  CSR 
F A D  FL90 
S T O  NUR 
T R A  C A L N U  
C L A  CSZ 
F A D  F L 9 0  
SfO NUZ 
TRA 2 8 4  

2 8 4  C L A  MAXA 
F S B  M I V A  
FDH 2 F L  
S T Q  AP4P 
LDQ E 
F W  FL935 

f . -+ - -  

I N  CSR 

28.35 

iVUR=iti/2PI A R C  C O S I S I G M A  H )  

NUI=N/ZPI ARC C O S ( S I G W i  Z 1  

COS R OVER OAE. 9O+COS K OUTPUT 

I. 

COS Z OVER ONE, 90+CoS Z OUTPt iT 

2 8 0 4  



01657 0 30200 0 02376 
01660 0 60100  0 1 4 5 2 1  
01661 0 56000 0 1 4 5 2 1  

01663 0 60100  0 02505  
01664  0 02000  0 00000 
01665 0 07400  4 0 3 2 7 1  
0 2 6 6 6  0 O O O O G  0 01665 
01657 -3 (37646 0 02332  
01670  -3 07656  0 02402 
0 1 6 7 1  - 3  (37665 0 02403  
01672 -3 1 1 6 4 6  0 02526  
01673 -3 07’707 C 02420  
015?4 -3 0 7 7 2 0  0 0 2 5 0 4  
01675 -3 07730  0 02503  
01676 -3 0 4 0 2 0  0 02505  
01677 -3 11720  0 02527  
01700 - 3  1 1 7 3 1  0 02530  
01701 - 3  1 1 7 4 1  0 0 2 5 2 1  
01702 -3 1 1 7 5 1  0 02510  
01703 -1 00000  0 0 0 3 6 4  
01704 0 02000 0 01773  
01705 0 07400 4 0 3 2 7 1  
01706 0 00000  0 01705 
01707 - 3  07646  0 02402  
02.710 -3 07656  0 0 2 3 3 2  
0173.1 -3 07665  0 02403  
01712 -3 1 1 6 4 6  0 02526  
01713 -3 07707 0 02420  
01714  -3 07720  0 0 2 5 0 4  
03715 -3 07730  0 02503  
01716 -3 0 4 0 2 0  0 02505 
01717 -3 1 1 7 2 0  0 02527  
01720 -3 1 1 7 3 1  0 02530  
0 1 7 2 1  -3 1 1 7 4 1  0 0 2 5 2 1  
6337’22 -3 1 1 7 5 1  0 02510 
01723 -1 0 0 0 0 0  C 00364  
01724 0 0 2 0 0 0  0 01773  
C1?25 0 07400  4 0 3 2 7 1  
C1726 0 00000 C 01725 
01727 -3 07645 0 02403 
01730 -3 07655 0 Q2332 
91731 -3 07665  0 02402 

01662 o 26000 o 02330 

FSB 
STO 
LDO 
F NP 
S T O  
TRA 

OUT: TSX 
H T R  
SVN 
SVN 
SVN 
SVN 
SVN 
SViI 
SVN 
SVN 
sv t i  
SVN 
SVN 
SVN 
FVE 
TRA 

OUT2 T s X  
H TR 
SVN 
SVN 
SVN 
SVN 
SVN 
SVN 
SVN 
SVN 
SUN 
SVN 
SVN 
SVN 
FVE 
T R A  

OUT3 TSX 
HTR 
SVN 
sv!l 
S V N  

FL938 
C 0 M Pi0 i\: 
C 0 MMO N 
AMORT 
K E  

OUT 9 4  

GUT1 
P s 0 9 4 0 C 6  
E 9 0 9 4 0 1 4  
BETAeO940.21 
T 1 PIE 9 0 3 5 0 3 0 
CSL9094039 
N UZ 9 0 9 4048 
NURa094056 
K E  $ 0 9  2064 
R.9095032 
PR 9095ii)81 
R A V E  9 0 9 50  8 9 
AMP 9095097 
244  
Z9 
OUT34 
OUT2 
€90 ,4006  
P 9094014 
BETA9094021 
T I ME 9 0 9 5030 
CSZ9094039 
NUZ9094048 
NUR9O 94056 
KE9092064 
R9095072 
PR 9 0 9 5 0 8 1  
RAVE9095089 
AMP9095097 
2 4 4  
29  
OUT94 
OUT3 
BETAt094005 
P9094013 
E9094021 

KE=(Em3.)938c23A 
TO BE FILLED I N  BY CODE 

OUTPUT Efii3Oli HETURN 
P OUT 
E OUT 
BETA OUT 
TIIVIE OUT 
C O S I I ~ E ! S I G M A  2 )  OUT 
b4U 1 OUT 
NU R OUT 
KE OUT 
R OUT 
PR OUT 
R AVEr OUT 
AMPtI T U D E  OUT 

2 8 0 5  OUTPUT ROUTINE L 

OUTPUT ROUTINE 2 
OUTPUT ERROR KETURTv 
E OUT 
P OUT 
BETA OUT 
T I M E  OUT 
COSENEiSIGMA Z )  OUT 
NU Z OUT 
NU R OUT 
KE OUT 
R OUT 
PR OUT 
R AVERAGE OUT 
AMP11 T U D E  OUT 

OUTPUT ROUTINE 3 
OUTPUT ERROR REIIURN 
BETA OUT 
P OUT 
E OUT 

I 

4 

i 

I 
‘J 

! 
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5 2 1 3 3  0 4 0 0 0 0  0 02407 
0 2 1 3 4  0 6 0 1 0 0  C 0 2 4 3 6  
02135 2 00001 1 02115 
0 2 1 3 6  S 5G000 0 1 4 5 2 1  

0 2 1 4 0  0 5 3 4 0 0  1 0 2 4 3 2  

9 2 1 4 2  0 7 6 6 3 0  0 0 0 3 3 3  
021rt3 0 5 3 0 0 0  0 6 2 4 3 4  
0 2 1 4 4  0 3 0 C O O  0 0 2 3 3 7  
O2:,415 8 6 C l C U  0 0 2 4 3 4  
02L1+6 2 0Lt301 1 0 2 1 4 4  
0 2 1 4 7  c 3 O O G O  0 0 2 3 4 4  
02150 C 60100 Cj 8 2 4 3 4  
0 2 1 5 1  3 3 0 0 0 0  0 9 2 4 4 0  
02152 3 6 0 1 0 0  0 0 2 4 3 6  
0 2 1 5 3  -0 53401) 2 0 2 6 6 2  
0 2 1 5 4  -C 5 3 4 0 0  1 0 2 6 6 3  

0 2 1 5 6  Q O2GGO 4 00001 
02157 0 5 3 C 0 0  0 0 2 1 6 2  
0 2 1 6 3  0 5 0 1 0 0  0 3 2 1 5 1  
0 2 1 6 1  0 0200 '1  0 0 2 1 3 6  
G2162 0 5 0 0 0 0  0 0 2 3 4 5  
C 2 1 5 3  0 50Cj00 0 0 2 3 3 2  
O%i-64 0 30 i i03  0 0 2 3 4 5  
02165  0 6 O i c 1 ( 3  0 0 2 3 3 2  
02166 -0 6 3 4 0 0  4 1 4 5 3 2  
0 2 1 6 7  Q 56'380 C 0 2 3 3 2  
02173 0 2600C 0 0 2 3 3 2  
0 2 1 7 1  0 60100 0 0 2 4 0 1  
02172 0 30000 0 0 2 3 5 3  
0 2 1 7 3  0 07403 4 3 3 1 6 2  

02175 0 6 O l G O  0 3 2 4 0 2  
0 2 1 7 6  Q 5 O Q O O  0 '32332 
02177 0 2 4 3 0 9  0 0 2 4 9 2  
02200  - 0  60GG0 0 0 2 4 0 3  
02201  -0 5 3 4 0 0  4 ? 4 5 3 2  
0 2 2 0 2  0 3 2 0 3 0  4 03091 
0 2 2 3 3  0 553i)O b 0 2 4 0 2  
3220.lt 5 93300 0 0 2 3 3 5  
82.225 0 6030' :  3 0 2 4 3 2  

02,837 0 60100 8 0 2 4 3 2  

0214.Z 0 6 0 0 0 0  0 0 2 4 3 4  

0 2 1 5 5  -0 534.00 4 0 2 6 5 4  

0 2 3 7 4  0 &*23(30 O C O O 0 0  

227 05 
MAGi\lET:C T A P E  LOCAT:ON S T O R E D  

1-0 DELAY 

MSLOC!DELTA R i  COMPUTED 

FR i A = R  i N+ M f LclC 1 DEL TAR 1 

% A R I A - F R I A + R  SPAN 
228  QEPLACIi lG INDEX REG. 

E X I T  Z p O  ROUTII\IES 

INCREPiENT P 

P S Q U A R E D  I N  PERMAfiiENT STORAGE 

ENTER SQUARE ROOT ROUTINE 
SQeRTo ERROR RETURN 
E=SQoRTe{PSQ+l) 

B E T A= P 1 E 
R E S T O R E  I e R a 4  

WHEN E INPUT 
I N C R E k E N i  E 



I 
i 

02206 -0 53400 4 14532 

022lC 0 26000 0 02402 
02211 3 302QO CJ ' 22353  
02212 0 60100 0 02431 
02213 0 07400 4 03162 
82214 0 42000 0 0 0 0 0 0  
02215 0 50100 0 02332 
02216 0 24000 0 02402 
02217 - 0  5 0 0 0 0  0 32433 
02220 -0 53400 4 14532 
02221 3 02000 4 00301 
02222 9 50000 0 02403 
02223 0 30000 0 32336 
02224 0 60100 0 02403 
02225 -0 63400 4 14532 
02226- 0 56000  0 02403 
02227 0 26000 .3 02403 
0 2 2 3 0  0 6G100 0 14521 
02231 0 50000 0 02353 
02232 0 30200 0 14521 
02233 0 07400 03162 
02234 0 42000 0 OQOOO 
02235 0 6010G 0 14521 
02236 Q 50000 0 02493 

02240 -0 6000G 0 02332 
02241 0 26000 0 02332 
02242 0 6010U u 02401 
02243 0 30OGC 0 02353 
02244 0 07401) 4. 03162 
02245 0 42000 0 O C O O O  
02246 0 60100 ll 02402 
02247 -0 53400 4 14532 

0 2 2 5 1  C 5 C C O O  0 32262 
02252 0 4C000 0 02363 
02253 0 60100 0 02262 
0 2 2 5 4  C 40200  I! 02367 
02255 -0 L2COG 0 G2257 
0L256 3 U2cd3 0 22320 

Q)i;L63 0 7 6 4 3 0  0 032al 

02207 o 56000 0 02402 

02237 o 2 4 0 0 ~  0 14521 

02250 0 02000 4 o a o o i  

c 2 2 5 7  0 53403 2 02407 

SXD CONiYiON-tS $ 4  
LDQ E 
FPIP E 
"58 
53c PSQ 
tsx  SQRTs4 
k!?R 
Sf9 P 
F 3 H  E 
STQ EE?A 
L X D  COIdK;ON+9 a 4 
T.?A 3 9 4  

SELB C L A  BETA 
FAD DELEET 
Z T O  B E T A  
SXD COIWON+9 ~ L I .  
i D Q  B E T A  
FMP B E T A  
S T O  COMi4ON 
C L A  1FL 
FSE COMMON 
T S X  5QRTa4 
HPR 
S T O  60f.iPiON \ 

C L A  E E f A  
FDH COMiLTOfV 
STQ P 
F r v  P 
S T O  PSQ 
F A D  1 F L  
f S X  S Q R T 9 4  
H P R  
S T O  E 
t X D  COF4i4ONr9 9 4 
TRA 194 

ADL? F X 1  
RETRY C l A  ! 3 E S R Y + 9  

S T O  R E T R Y + 9  
.wa ~ x 5  
Tr4I R E T R Y + 6  
T R A  h'IHICH1 
L X A  ~ E E R P ~  
B b T  1 

SAVE f o R o 4  

P S Q U A R E D  ;N P E R M A N E N T  S T O R A G E  

B E T A = P f  E 
R E S T O R E  ioR.4 

MHEN B E T A  I N P U T  
INCREMENT B E T A  

SAVE I a R 0 4  

B E T A  S Q U G R E D  IN ~Oi~lfviOM 

1- i B E T A  SQe 1 I N  A C C U M U L A T O R  
E N T E R  S O e R T o  R 0 U T : N E  
S Q o R T .  E i i R O K  R E T U R N  
S Q o R T .  ( 1 - B E T A  S Q e  j IIY COMIV'ION 

i fJ SQ+11 IN ACCUWULATGR 
ENTER S Q O  R T  R O U T  I i4E 
S O e R T s  ERROR R E T U R I ~  
E = S Q o K T o : P  SW+l) 
RESTORE f e R . 4  

S E T  U P  T O  R E R E A D  D R I V E  1 

DO NOT T R Y  MORE T H A N  5 TIMES 



END OF R E R E A D  T A P E  1 L O O P  
COUNTER FOE i\IUIWEFc UF TKAES AT I i E A O ~ r u G  
S E T  lip 7 0  TRY TO R E R E A D  D R I V E  2 

END OF REREAD T A P E  2 LOOP 
COUiVTEH FOk r-IEKEADi r\iG O K l  k’E 2 

REh‘II\JD AND STOP 
STOPr E N D  O F  T A P E  1 AIqD KEWOUI\ID 
E P S I L S r ’ J  FCtK COiuVEtiSIUr\I  
REWIND 2 AND 
STOP 

c e 
h3 

S T O P - T R I E D  TU READ R E f O l i D  Fli0,l.i T A P E  1 5 TI l i iE 
S T O P - B E E R  NOT = NUIvlt3ER OF FiELDS PER EhEC@kD 

F A C T O R  U S E D  I N  C A L C U L A T l b i G  KE 
Niliv’iBEK OF S E C T C R S  PER REVOLLJTION 
!%Ci~,EiV TU14 
S k i b l t  AS KFL E X C E P T  F I X E l i  
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CLEAR M A G N I T U D E  A C  
S E P E R A T E  C H A R A G T E R I S T I C  
FR3;v! F R A C T I O N  OF L S P  
LF Z E R ~ P T R A N S F E R  
-FI>,ACTION OF LSP 
1-FRAITIQN 

R K Y 3 0 9 5 3  
R K Y 3 9 0 5 4  

-3 R K Y 3 2 0 5 5  
1 R K 1 ' 3 0 0 5 6  

R K Y 3 0 0 5 8  
2 ICY :3 0 0 5 9 

R K Y 3 3 0 6 1 ,  1 

R K Y  3CO62 
R K Y 3 3 0 6 3  
R K Y 3 0 0 6 4  
R K Y 3 C 0 6 5 
K K Y 3 0 3 6 6  
I? KY 3 C 0 67 
R KY 3 0 0 6 8 
R K Y 3 3 0 5 9  
R K Y  30  070 
R K Y 3 G 0 7 1  
R K Y 3 0 3 1 2  
R K Y 3 Q 0 7 3  
R K Y 3 0 3 7 4  I 

R A Y 3 3 0 7 5  
R K Y 3 0 0 7 6  
R K Y 3 0 0 7 7  
R K Y  30073 
R K Y 3 0 0 7 9 
R K Y  3 008 3 
R K Y 3 0 0 S :  
R K Y 3 0 0 8 2  
R K Y 3 0 0 8 3  
R K Y 3 0 0 8 4  
R K Y 3 0 0 8 5 
R K Y  3 0 C 8 6 

R K Y 3 0 3 8 8  
R K Y 3 0 0 8 9 
R K Y 3 0 2 9 9  
R K 'f 3 c) 0 9 L 
3 K Y 3 3 0 9 2  
RK Y 3 0 0 9 3 
R Y Y 3 3 3 9 4  -I 
K K Y 3 0 Q 9 5  - 

r w ~ 3 ~ 1 0 5 - 1  

~ ~ ~ 3 0 0 8 7  
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A1.56 A1.58 
INKEY Tes t  OUTKEY and 

set address for KFL = KFX 

A1.50 

Compare = 2 Set addresses 

INKEY with + for Input 2 floated either Output 1, 2, 3, 
integer 2 (E variable) 4, or 5 

UNCLASSIFIED 
O R N L - L A - D W G  38469 

Enter NYOUT 3 
subroutine 
for heading 

- 

p/N2 = RAMP = 

guess for r 
amplitude a t  
given momentum 

A4.52 

for Input 1 84.58 
(p variable) 

Skip to correct record an 
p - RAMP - 2AR = 
RMIN =est imate for min. 

momentum 

RMlN - RIN 

Ar 
= magnetic tape location 

F IXED = MTLOC 
-----) - r needed for given 

Acc. 

A3 

i Calculate other 2 from 
A2 

Input variable 

p = p/E + BETA 
h = 27r/kN + HI & and Runge-Kutto H2 for p = p / - - p  

I 1 E = ~ + E  

r 1/N2 = lONSQ 

T 
A8.5 

RSPAN = 
(AR) (RAP) = 
r range in core 
at one time 

~ +13.2 t-l A6 t-! 86.5 t-i ‘6.6 ~ 

No. of equations 
for R.K. 1 

O + P R  
+ In i t ia l  P, 
+ YRKY3-6 + NURKY 3 

N/2n + 
0 + Ini t ia l  R 

N02PI 
+ YRKY3-7 

Calculate No. of r values to 
be stored in core ot one t ime 

max. storage 

TW and TIXN. 
RIN + FRlA 
0 + Count, Orodd, p , ,  p2, 
Pp,, Pp2, TCOUNT 

per record 
0 + BEERT 

A15.4 Read f ie lds and derivatives 
into core 

Der ivat ives + BTHETA 
Stop i f  M.T. error or 
wrong number o f  wordn/record 

MARIA - mox. r for which 
f ie lds stored in core 

= FRlA + RSPAN 

Fields +APIARY 



a 

Z I  

Set up to 501ve 

13 equotions. --c 
zero Q-Bonk 

UNCLASSIFIED 
ORNL-LR-DWG 38167 

24 z5  27 Ini t ial ize 
extra Rvnge- Write 
Kutto variobles Enter R.-K. 
1 AIocation for m i n  r 
0 -locotion for mox r 

Test r for maximum 
r ond minimum r. 
Store in MAXA 
and MlNA 

y-bank ----C 
on drums 

-Save  I.R.1 - 

z9  Z8.4 
Z 8  35 28.3 

max. r - min. r 

2 Calculate and store v, and Colculate and store 
AMP = 

P - 2  - P - 3  

P - 1  - p - 2  

Calculate 1 cos 0, 8 cos Lrz 

P L 2  - P l 3  

P L ,  - P I 2  
E, = A [ \/p2+i - 11 938.22 

- v Z .  I f  cos (r i s  > 1, output - ~ = l ( r - r o ) \ + \ P , - P r o ~  4 1 
i s  90+ cos instead of Y 

' P - I  - p 'PP-, - p =- , pr r-!3 
p = -  Reset to solve only 

Increment 

table voriable 7 equations count by 1. I s  i t  t 
= r amplitude 

(P, 0, or E)  

2 2 3  
Convert to an integer 

RMlN - RIN __ and store 

in COMMON 

Load I.R. with acwmdotor  
and hunt back to correct 
record on both drives AR 

224 Z48-  49-20 ZI 7 

Compute RMAX = 

+ RAMP + 2Ar 
+ RMAX 
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Save I.R. 4 

0 -TEMP 2 

UNCL4SSIFIED 
ORNL-LR-DWG 38466 

In i t ia l ize 0 -TC and TXI  
----c Runge-Kutta --c (both used in - 

Variables picking up 6’s) 

Load I.R.1 
with BEER/2 

08 
07 Calculate 8 store in TEMP 2 

the variation from Eq. orbit 

r = P ( l + P - , )  + P,= P P l 1  + 

INITR, R, YRKY3-7 - P,, YRKY3-6,lNITPR - 

ZROUT for Z equations in 
88 and K23 

P = 2P-1 - P-2 ‘=  P ( 1  + P) 
+ INITR, R, 
YRKY3-7 

Enter 0- 
routine with 
TSX ..., 4 P’= 2 P l ,  - p:> - 

, 0.6 1 , 
Zero GI-Bonk 

- r = p(1+ p )  + P“ 3 P l l  - 3P12 

+ P l 3  
INITR, R, YRKY3-7 - P = 3P-, - 3P-, + Enter C-routine 

wi th 
TSX ..., 4 + P-3 

P, = Pp’ 

+ p, INITPR, 4 
YRKY3-6 

I 

R-FRIA 

AR 
-fixed = FIX 

and then floated = FLT 
= No. of records from 
APIARY for particular r 

P i ck  up loop for 
f ie lds for 

85 86-57 84 

(FLT) (AR)  = R for (FIX)(BEER) = INT Load I.R.’s for 
interpolation + i2 picking up f ie ld 4 interpolation. - =relat ive address of R, + 

from APIARY for interpolation Also picks up 
derivatives, depending 

P, = PP’+ PR, 

8-routine 
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