
A two graup, two region reactor code 

St- P. Stone 
UCRL - Uvermore 

RrograPPners : 
Patrac821tQr I - 

R, Brouaseau 
Pameantor II - 

a. I$wu5scaru 
M. Ferrla ' 

Report CasqpiXed by: 
8. Stone 
K. Plmml 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Introduction 

Paracantor I i s  a two energy group, two region, time independent 

reactor code, which o'btains a closed solution f o r  a c r i t i c a l  reactor as-  

sembly. The code 'dea,ls with cyl indrical  reactors of f i n i t e  length and 

with a r ad ia l  re f lec tor  of fl .nite thickness. It i s  programmed f o r  the 

1.B.M: Magnetic Drum Da-ta-Processing Machine, Type 650.. 'The l imited 

memory space available does not permit a f lux  solution to be included 

i n  the basic Paracantor code. A s.xpplemeritary code, Paracantor 11, has 

been programmed which coruputes flixtea, .including adjoint fluxes ,. from 

the .output of Paracamtor I. 
*.  ~ e k e r a l  Description of Paracantor. I -- 

A.  Physics 

Pardcantor I, i n  general, :f&lows the two energy group theory . 1 .found i n  The Elemen-ts of' Nuclear. Res&or Theory by Glasstone and Edlund? ------------- 
L This report w i i l  give a brief resume of" the theory ,which i s  pertinent 

I 

t o  the Paracantor code. The notxtion used i n  the report  and the code 

conforms to '  t h a t  of , t h e  book. Y,be Po'L-~ of the equations has been m d i -  

f ied where e i the r  ease of programfing o:r saving of BlachFne, ;t-. resu l t s .  

A two energy group approximzt:lon -to reactor neutron behavior 

divides the ueu.trons Lnto two groups: slow o r  thermal and f a s t  o r  f i ss ion  

neutrons. The general. eq:ilution TOP the conservation oI' ba'hnce of neu- 

,en t rans m y  be w r i - + t  
2n P~oZcuctlon - Lealcage - AbsurpLion = bt 

where is  the time rate of change af the neutron density. I f  a 

system i s  i n  an erlujli3rS11m stal:e, referred t o  here as c r i t i c a l ,  i s  a t  
zero. I f  the e q u i l i l ~ ~ i u m  s t a t e  does not exis t ,  an assumption, such as 

permits a solutioo of the "steady' s t a t e "  condition fo r  a given, w i . 

1. Samuel Glasstone aud ~iltos 6. EUund, The '~ l emen t s  of Nuclear Reactor 
Theory, D: Van Nostrand Company, Inc . , New York, 1952, Fourth Print .  



,-2 - 
~ n f  ortu.&tely, a t rue solution i s  severely complicated by the process of 

delay neutron emission. However, the assumption tha t  a11 neutrcns emitted 

i n  the f i s s ion  process a re  prompt, (wi~wprompt ), does permit a ready 

solution of the above type. 

Using the equation for.  the conservation of neutrons given above, 

four different. ia1 diffusion equations may be obtained fo r  a two energy 

group, two re@;ian problem.2 These may be solved upon the applicatiori of 

the usucl neutronicboundary conditions, i.,e., the neutron fluxes must 

be f i n i t e  and non-negative,,there must be continuity of , f luxes  and current 

densi t ies  a t  the core-reflector interface,  and. the fluxes must become 

zero a t  the extrpolated boundary of the. f i n i t e  ref lector .  A s  a r e su l t ,  

four f lux  equations. a re  obtained, which represent the solutions of the 

d i f f e ren t i a l  equations and involve four &known ,constants. For a con- 

s i s t e n t  s e t  of solutions, ' the determinant. of the coeff ic ients  must be 

zero. . . .  

Paracantor ' I  determines each. element of the fourth order determinant ' 

from various stored.'constants. and input data, which includes one predesig- 
. . 

nated variable prameter ,  such as"the core radius. This parameter is  

varied by .a "rec&ipel' u n t i l  the desired degree of convergence i s  obtained. 

The main parameters, from'which the unknown variable may be chosen, are: 

1. The corg radius - R , . . 

2. The moderator t o  fue l  atom ra t ion  - (M/u) 

3. Q. - contained i n  k = q€ p:f 
4. , The cyl indrical  height - H 

5. The ref lec tor  thickness. - T. 

The computing time thus depends upon the nearness of the Input value 

of the variable parameter t o  the value which s a t i s f i e s  the c r i t i c a l  equation. 

In general, 6 t o  10 i te ra t ions  a re  requirgd t o  obtain a convergence of the 

parameter t o  an accuracy of e%%. The average 'machine running time, f o r  

n o m i  production, is  5 - 8 minutes per problem. The output, which in -  
. . 

cludes volumes, mksses and a l l  of the functions necessary t d  compute flu&, 

i s  punched out on cards. The comppter i s  then l e f t  i n  readiness fo r  the 

succeeding problem, which is automatically read i n  and solved.. 

2. Ibid - p. 240 



B. Equations 

No attempt w i l l  be made t o  ju s t i fy  o r  prove the numerous 

assmptions and condit i~hsr :  necessary t o  solve the two group problem out- 

l ined  below. Discussions of Fermi age theory, conditions f o r  separabi l i ty  

of time and space variables, treatments which consider delayed neutrons, 

and other concepts inwolved i n  neutron diff 'wion theory may be found i n  

such references a s  Glasstone and Edlund. 

The two group, two region diffusion equations used i n  Paracantor I 

m y  be written as  
'k 

@2c = 0 

where equations 1 and 2 r e fe r  t o  the core ( c )  and equations 3 and 4 re fer  

t o  the re f lec tor  ( r ) .  The subscrigts 1 and 2 r e fe r  t o  f a s t  and slow neu- 

trons respectively. 

I n  the above e q d t  ions : 

% i s  the neutron f lux  = nv where n i s  the neutron density 
i v is  the velocity as- 

i 
signed t o  the i t h  group 

D represents the diffusion coefficients 

r 
1 ~ ~ 1  where 7 i s  the Fermi age length 

i s  the macroscopic asorption cross section in the f a s t  core la 
equation: It is t o  be noted tha t  t h i s  term does not appear 

i n  many two group presentations. 
2' L i s  defined on page 8. 

E2c is  the t o t a l  asorption cross section i n  the slow group of 

core. Z2c includes both moderator absorption and fue l  

abs'drpt ion. 

2r is  the t o t a l  absorption cross section i n  the slow group of 

the re f lec tor .  



The terms involving w come from the assumption ~(r, t ) = 
P w t 

g j ( r )e .  ,where w may be considered the inverse reactor period 
, .. P 

with a l l  neutrons assumed to be prompt. Thus, 

k =7\cpf This i s  sometimes referred t o  a's the four fac tor  

formula. In Paracantor I both the f a s t  f i ss ion  

factor,  f , and the resonance escape probability, p, 

a re  assumed t o  be unity. Therefore, k is computed 

.as . the .  product, 
"tx 

where f i s  the thermal u t i l i za t ion  

. .  f = Thermal neutrons absorbed i n  f u e l  ' . 

Total thermal neutrons absorbed . . 

. . $ = '  number.of neutrons per f i ss ion  ( 2 . 4 )  

= thermal f i s s ion  cross s:e.ction fo r  f u e l  f 
. . 

b c  = thermal radiat ive capture cross s,ection 

f o r  f'uel 

The fac tor  r\ i s  considered a constant i n  any one 

Paracantor, problem. 

The condition necessary f o r  solutions of the core equations ( 1  and 2)  

i n  the form' 
2 2 

, V @ . =  - B gc, 
C 

. . , . may be shown t o  be, :. .: . .  . > . 

k 
2.-- ----- where S F  

= 1 W' 

( 1 + 7  B ~ + $ ) ( ~ + L % ~ )  - 
('=:'La, p c - < .+ 7 

C "lc "lDlc 

Thus, the f lux  solution i n  the core involves a l i nea r  combination of the 

two roots of the abow equation. For a cylinder the permissible solutions 

a re  

Blc = A X + c Y  

@2c = slm +- S2CY 



where 

x = Jo ()Lr 1 I 

Y = I. (3r) a& 

. . J and I. are  normal and modified Bessel functions, respectively, 
0 

of the f i r s t  kind and zero order. (see Appendix A) 

, and 4 , a r e  the two roots  of Equation 5 modified fo r  a cylinder . 
. 

of f i n i t e  length 
I V s +  4(k-l-f)]-,($)y~ 1 

pz f i  [-(+ + +  +<)+ R< +, +, -c, LL 

where H' = the actual. height plus the extrapolated height 

S and S2 a re  the coupling coefficients.  
1. 

In  a similar.naanner, . .. the solutions t o  the re f lec tor  equations ( 3  and 
-.- . . .. . -. .. ... 

4), may . -~g .~ j~ t~r ; ' ; aa6  

plir = GZ, + s3$ 

where 

KO is  a modifie& Besael Pvnction of -the--second kind, zero order. 

(set ,,~:,:'nd.ix k )  

T' = the actual  thickness plus the extrapolated distance. 

Z ' is a function i n  KZr t o  Zl. 
2 

S ,  ,is the re f lec tor  coupling coefficient 
3 

The applLcation of the boundary conditions tha t  the fluxes and current 

densi t ies  bc continuous a t  R, the core-reflector interface,  leads t o  

four equations i n  A, C ,  I?, and G, the unknown constants. For a consistent 

s e t  of solutions, the determinant, A , of the coeff ic ients  must 



vanish; t&t is, 

This i s  the c r i t i c a l  equation fo r  a t w G  group, two regton reactor. A&-., 

Y X -z 1 
0 

"X s2y . -B3Z1 
I( -z2 

Dl cx ' DfET' -Dr,zi 0 

1 

SIDacx ' s92cy ' -S D , Z '  
3 2 .  1 

-D z 2 r  2 
I t 1 

expanded fo-m~f* the determinant i s  used in Paracantor I. 

= A + O  

Equations Used i n  P a m a n t o r  I Code 
-. 

A. Tn'put Data 

where XI, Y ', Z1 , and Z2 are the f i r s t  d e r i v a t i ~ e s  of X, Y,. Z1, and Z2, 

respectively, a l l  evaluated a t  the core-reflector interface, (w . r .t. ) r . 
\ 

The normal form of the input data used in Paracantor I may not 

be 'convenient f o r  all uses. Various clonstants,which a r e  normaUy stared 

i n  main program,, can be changed by insertion of w h a t  may be described as 

optional input data. A smp1e'inpu-k i s  included with the Test ProbbLem 

I n  general, the input data may be broken into four groups of informa- 

tion: l) moderat& data, 2) ref lector  data, 3) fue l  data and 4) 
geometry constants. 

The moderator and ref lec tor  materials a re  specified by six comtmts :  

The first four are always given f o r  normal material densityz ( r n ) .  

Para'can-t;or I adjusts these materwl c'omtants fo r  any density variation 

desired by using the r a t i o  of the desired density t o  normal density, ( ?/qn ). 
The above constants adjusted fo r  density are:  



where n denotes the value of the constant a t  normal material  density. 

The fue l  is  pecified by the moderator/fuel atom rat ion,  (M/u). 

Optional input permits changes i n  q ,  absorption fo r  fue l ,  and c, the f u e l  

concentration.' These a re  normally constants or may be computed by relat ions 

involving constants germane t o  a specif ic  moderator. 

, 

0 ( ? I n \  c =  ,-&- 
The value of .. ,and the constants A and B must be adjusted t d  give the 

desired r[, zL and c values f o r  a given problem. 

-.- 
The geometry constants a re  given by R, T, and H, with a l l  values 

given i n  the ac tua l  dimensions. The extrapolated end points, which a re  

assumed t o  be ident ica l  f o r  the f a c t  and slow groups, a re  computed by 

the following relationehips. 

T i  =: T-i ;  AT.  where 21 T = '2.13 D2r 
' ,  

HI = H + '2AR where &A = 2.13 D2c 

The 2.13 constant may be changed bg an optional input conetant. 

The core f a s t  group absorption term expressed a s  rltl , is  normally 
2 l c  

s e t  equal t o  zero. ~ot!ever, any desired value may be specified i n  the 

input. 

It is ' t o  be noted tha-t if new optional, .input is  desired t d .  run  a 

specif ic  probism, the memory lGcetinns o f  auc:h data remaln occupied with 
- the 'information from the preceding problem u n t i l  it is  restored t o  n o m l  

value or the.grogram .Is re-read, into'  the memory. Input constants which 

are s e t  equal t o  zero should be so loaded with the problem input. 

The basic input is, therefore: 

p/ M/U, A, T3 R, 14, , Dl, Dpr fn 1 1, 
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Typical optional  input would be: 

, V, , V . A,  B, and t h e  extrapolat ion constant z 
Intermediately C6mputed Constants 

6 

The foilowing constants a r e  computed from the  input da.ta: 

Solution of t he  C r i t i c a l  Equation 

The c r i t i c a l  equation f o r  a two group, two region reactor  is  given 

above, (page 6). An expanded form of the  de.lcrminznt i s  used i n  Para-  
.3  cantor I: , t h a t  is, I I 

Y' D ' A ) ( s ~ D ~ ~  a = mlcT - 21  
z; 

Ir Z1 - 'zD2r - ( s2  - S3)D2r 

Y" X '  - (s1 - s3)  D2r - 2 '  
2 

. . . . 
. . z2 

For a. so lu t ion  .of the  above equation it i s  necessary t o .  compute 

the  following quant i t ies :  

-- -- 
3. Ib id  p. 246 



. . .  
where 

. . . . 

which, when modified,. for a finite cylinder, become 



, 
The coupling coefficients, El, S2, and Sj, are computed by the 

following equations: . . 

The procedure used to evaluate the determinant, or critical equation, 

is given below for the variable parameter R. The same procedure 'would be 

followed if one of the other variable parameters was used. 

In the R: iteration version, the determinant is evaluated for an ini- 

tial guess 'of the critical R, an input number. Depending upon the sign 

of A, the R used is multiplied by an appropriahe constant, such as, 1.1 

or .75, and this new R is used in the next evaluation of A. This pro- 

cedure\is continued until an opposite sign for A is obtained. The two - 

R values which bracket the critical R, that is the R for which A +  0, are 

used in an averaging scheme until the difference between t3o choices of 

R, resulting in an opposite sign of A, are less than a stored constant. 

At the conclusion of each iteration a single card is punched with values 

of p , (the variable ) and A. . 

The general relationship between the value of A and the variables 
R and M/U is giyen in Fig. I., 

VARIABLF: r 
Figure I' 



As can be seen, other roots ex i s t  which are not normally of physical 

in teres t .  Some indication of the value of the variable parameter must, 

therefore, be obtained from some other source, In  the case of R, 

A +  - +win the region of the radius of the e q u m l e n t  bare core and other 

roots ex is t  for  R 3- %re. Therefore, the i n i t i a l  guess fo r  R must be l e s s  

than ?Bare and the  constants used t o  modify the i n i t i a l  R must be suff icient-  

l y  small t o  avoid "jumping" t o  the wrong brqnch. A solution 'obtained fo r  

one of the other roots may usually be eas i ly  detected s incefiR >> 2.405 
2 and thus ,X may have a negative sign. The /b < 0 loop allows a somewhat 

greater l a t i tude  for  the M/U i terat ions.  However, other roots may be ob- 

tained, usually f o r  p 2  < 0. It i s  t o  be noted that - P o ?  the Paracantor 
Q 

I printout shows as ,U < 0. 
Output o r  Edit 

When the necessary convergence of the variable parameter i s  reached, 

Paracantor I then computes and punches the r e s t  of thk output. I f  output 

i s  desired before convergence is  reached, manual t ransfer  t o  memory c e l l  

(1688) w i l l  force edi t ,  and all resets  necessary for  solution of a new 

problem are  performed. 

Included i n  the output i s  the c r i t i c a l  parameter $ogether 'with values 

of the various f'unctions, a l l  evaluated at  the c r i t i c a l  parameter. I n  

addition, the volume of the core and ref lec tor  and the masses of the fuel, 

moderator, and ref lec tor  are  computed and punched. Also included i n  the  

output are  two modified albe'do : 
I ,-, 

and the adjoint coupling coefficients:  



Kl(x) and I~(x) are also evaluated fo r  x = K I r ( ~  + T '  ) and 
t x = K (R'  + T ) . , These would be of. in teres t  i f  it was desired ~::'exwlaix 2r 

. . hs .: .su~h:~&s::~~$4c~.$o:~ .,:,,,.,,. *. ,,,-..-li:.. , 
I '  MI.. 
. . 

A sample output is  included with the Test Problem i n  Appendix C- 

After the :output has been punched, a l l  counters and instructions are 

reset  t o  the original  f ~ m  and the computer i s  automatically trangferred 

t o  the load routine t o  read the input for  the following problem. 

Operation of the Paracantor Code 

The basic deck, for  both Paracantor I and Parecantor 11, contains 

a l l  of the load, punch and interpretat ive routines, tables, 'miscellaneous 

constants, and the main progrmwcessary  fo r  the running of the codes. 

Also included are a l l  of the necessary resets  and constants which are  

needed to  afiomatically restore both prcgremsto the i n i t i a l  computing 

conditions. A single card, which precedes the deck, w i J l  clear  the memory, 

if it is desired. H~vever, this nOt - necessary 9pera t im d the 
i 

codes. 

W basie PBsBant~r  I deckiterafta on the moderator to f i e l a t o m  

ra t io ,  (M/$). Short subdecbs are available which  convert this deck tw 

i t e r a t e  on'ane of the otber variables, 3, T j  , T or HA These subdecks 

should immediately fallsw the main deck and precede the input cards. 

(Figure 2) The vaxiablk t o  be itertzted upon may be changed a t  any time, 

a f t e r  the main deck has been read into the mempq ,  by inserting the desired 

subdeck before the particular prgblem lpgut. There is  also a subdeck 

available ko c w e r t  back t v  the bas ic  M/U version. The coding for each 



Input. 

--.----.- Sibdeck (:if used) 

Main. deck 

c lear  Card 

Fig. 2. Arrangement of Cards i n  Paracantor I 

The control console switch se t t ings  fo r  both Paracantor I and Para- 

cantor I1 are:  

1. Programmed switch i s  in the STOP position. progradPming w i n  be 

stopped whenever a s top code (01) i s  encountered. 

2. Half-cycle switch is  i n  the RUN posit ion. The program w i l l  

proceed atrtomatically once it is s tar ted .  

3 .  Control switch is  i n  the RUN posit ion. The program w i l l  proceed 

automatically once it i s  s ta r ted .  

4. Display switch i s  in other than READ-OUT STORAGE o r  --IN 

STORAGE, since the machine will not operate with the control 

switch i n  the RUN position i f  the display switch is  i n  e i the r  

of these two positions. 

5 .  overflow switch is  s e t  t o  SENSE. The overflow w i l l  be indicated 

but the machine w i l l  not stop except on quotient overflow. 

6. Error swi%ch i s  s e t  t o  STOP. The machine w i l l  s top under any of 

the f o l l o w i q  condit.ions : 

A. Validity e r ro r  

a. Program reg i s t e r  

b. Accumulator 

c . Distributor 

B. Clocking (timing) e r ror .  



Two methods may be used t o  s t a r t  the Paracantor p rog rad .  (see Appendix F)) 
7 L2 

I. If &he memory is  - not .cleard: 

& s e t  70 1851 1851 on t h e  s torage  entry switches. 

, ' b . ' Depress the program o r  computer -reset  &%x.-: 
c. Depress the program-start key. 

d. The read l i g h t  on both the console and read punch 

un i t  w i l l  be on. Press the  read key of the  read punch 

uni t  t o  read e n t i r e  code in to  the memory. 

11. I f  the memory is  -- t o  be cleared: 
I 

a .  Set  70 0001 0003 i n  the storage entry switcheS and pro- 

ceed as  outl ined above. 

The memory locations of the  constants and other per t inent  data f o r  

Paracantor I a re  given i n  AppendixBi. The convergence c r i t e r i a  constant, 

(1684), may be changed t o  give the d e s i r e d  convergence f o r  any problem. 

The constants, (1621 and 1622), 'which determine the r a t e  of change of the 

var iable .  being i t e r a t ed  upqn may a l so  be changed ., Howeverz the, re la t ion  

of these constants.  t q  uriity must be 'pres&i-ved, i. e., the  increase . . constant 

'must remain greater  than uni ty  and the.decrease constant must re&in . less  

than unity.  ' Manual..transfer t o  1688 w i l l  force ed i t ,  including a l l  neces- 

sary resets ,  i f  output is  desired before convergence i $  reached. ' .  

. . 

, . .  , ' . 1t i s  t o  be noted' t ha t '  Paracantor does not contain a punch routine.  

. .  heref fore, t o  obtain a memory dump, . , a punch routine, (SLPR), must. be read 

in to  the memory, . . ' thus, de.stkoying a small portion of the  code, (1950-2000). 

. . 
: A  standard 80-80 bead and punch bqard i s  used. The UCRL board has. 

. . . . 
. . 

. . been modified' to  permit ~ ~ ~ ~ r e s s i o n .  o f ,  any 'me&ory celgs i n  the  punch band 
' 

. 'by the inser t ion of 8 ' s  ' in the''corresponding posit ions i n  the l a s t  memory 

c e l l  of th& band. ' For example,, t o  suppress the t h i r d  memory ce l l ,  

an 8,would be inser ted i n  the  t h i r d  posit ion of the l a s t  memory c e l l  i n  . 

the  punch band. 

I n  a l l  coding and i n  the  sample pr intouts  which a re  included the 

minus s ign always follows the number. 



The following are some of the,difficulties which may be encountered 

. , in the' operatipn of. the ~arac'aator I code : 
C' 

' 1 ex. for -x > ,115 cannot be correctly evaluated by the 650 
Floating Point routine, since an exponent greater than 99 

t 

.. ' is .encountered. The quahtity K. (R. + T ) is most likely tp 
! ,  lr . . 

be. affected,. thus. limiting. the thickness . of . the reflector 
. . . . 

usable. in Paracantor ,I. ; 
' . :  . '2. ' The two cG-n. causes of quotient .oyerfloa. are: . .' 

. . . . . . 

a. v 1 aid v2 are not loaded. !These must . . NOT be zero. 

b.. The square root of a negative number is' attempted. 
. . .  

3 .  A program stop will be encountered if K ir r < .22.. 



PARACANTOR I1 ' 

The limited memory space available in the I .B.M. '650 does' not pernit flux 

solutions to be included in the ~aracdor I code. A second code, Paracantor 11, 

: has, therefore, been programmed which cornput es the fluxes, 5ncluding the ' ad joint 

- flukes, from the output of Paracantor, I. The solution of' the "critical" reactor 

by Paracantor I provides the critical which may be shown to apply 

to.the solution of the adjoint "critical" conditions. 
. . . . 

The. normal two group,. two region f l ~ .  equations are: (see p. 4 & 5) 
6,': f l & $ r ) + ~ ~ ~ ( d r )  . . .  

g2, = s,n~,h.)+ I ,  5,c r,iSr) 
@,- -- F [rok,.r)- a [ q r ' i ~  co  TIT^' K* (t,r~)]. 

The adj'oint flux,, represented.by @*, is obtained by interchanging the rows 
. . .  

- and columns of the matrix . . 'operator and solving for a.new. fl&. The calculation 
. .. . . . .. 

of the ad joint fluxes is of particular value in 'the application of perturbation 
. . 

.theory? The .,adjoint .equations . . may be written: . . ', 

v a  @; -I".. b30. 
* 0' 

D1. + p l L ? 1 r  

where solutions may be expressed as follows: 

@,: - &*JOG.)+ b4~.(Sr) 

$2 ' -  s , ' L ~ J o ~ ~ )  + ' S ? ~ * T , [ S ~ )  . 
* * 

&f = [ ~ ~ ( f , ~ r ) ' - $  ~ , p ( ~ + ~ l ) ] < ~ ~ ~ l r ~ ) ) +  sJ 
f q l ~ ~ r d  -3 K o ~ 2 , ( n + ~ l ~  cb (~~~4) 

A relative plot of the normal and adjoint flux equations maybe obtained 

simultaneously and in a parallel manner. In Paracantor I1 an arbitrary choice 

* Glasstone & Edlund, p.372 , 

\ 
.\ . 
\ 
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of one constant i s  made, and the other constants a re  determined from the boundary 

conditions. The normalizing factors ,  N and N*, a r e  obtained such tha t  

The equations which a re  used i n  the code are,  therefore: 

- - 
C = C N  b*, = b*N* 

- I j?*=L , , '.. 
assumirig F ' - QND 

2 i 2 2. - - . . , - s,"pl then A =  :(I-TY) ' ' a* =. .  
s? f 

G = 1. [s,~;+~s,zY - s, 3 @ = .  ' ' @A +py 
z2 P ,  ' . 

and the norrlmlizing constants a re  . . 

The four fluxes$ 1, $2, @, 'and $* and the cross products g1@, g2@, 
2 

- $jJik$ and g2$? a re  computed . f o r  . values of the  raduis, which may be specified 
. . . . 

as'. input i n  the following manner. 
. . 

1. The f lux  f o r  r = 0 is-determined without the use of ser ies ,  
since X(O)  ='1. 

2.  A Arc, .  an input number, i s  used t o  evaluate the f lux  a t  r i .  
. . 

= n ( d r c )  . n = .1, 2, 3 ,  .... . 
The varying rn is tes ted  against Rc,  u n t i l  the next rn would be 

greater than Rc. 

3 .  The f lux is .evaluated a t  Rc using the core equations.. 

4. A second input number specif ies  the  f i r s t  r ,>Rc a t  which the 

fluxes a re  t o  be evaluated. 

5 .  A DrR,  an input number, determines the spacing i n  the re f lec tor  

i n  the same manner as  i n  the core. The variable,  r, is tes ted  ' 
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against R + TI and the last flux is deter~nined at R + TI. This 

value should be zero or approach zero and, thus, provides a check 

on the calculation. 

The fluxes for a given r are punched as soon as they are computed. The 

Besse1,'Functions are determined,in.the .same manner as in Paracantor I. 

(see Appendix A). 

Operation of the ' paracantor I1 Code ; 
Paracantor 11 is a c&npl&tely self -contained and automatic code. ' : Once the 

.. . . . .  

main program has been read into the memory. it is .not -necessary to reload it in 

order to run as many problems as may be desired. The running time of the code is 

directly proportional to the number of f'W points required, which is determined 

by the first card of the'input. A typical problem, determining ten fluxes in 
. . 

- both the' core and the refl-ector , :takes about fie minutes. 

The &ons&eswitdh settings for paracantor I1 are the same 'as for 

Paracantor. I. (p. 13) .. . A-. memory . . clear 'card again is optional and is not necessary . , 

. . . . 

for operat ion of the code.. ' The . code 'contains no programmed stop, since Kir is 

guaranteed to . be . 'then . . 0.22 by a paracantor I solution. If output is 
. . 

desired before the completion of a problem, manual transfer to meinory location 
. . 

1365 will compute the fluxes at R + T1 .and'reset the program for the next problem. 

The test problem which is given for Paracantor 11, (~ppendix E), is a 

continuation of the see problem used in. Pafacantor I. ' ~ d  flow diagram is included 
. . 

for Paracantor 11, since the calculat iokl 'procedures follow Paracantor I in detail. 

The memory ~dcations' of the constants and other pertinent data is given in' 

Appendix D. 



The input for Paracantor I1 is in floating point form and consists of seven 

unaddressed cards. ' The first card of the input contains Arc, R ~ R  (the first r in 

the reflector for which .fluxes are desired), and A r R  These quantities occupy 

locations 1-30 on the I.B.M. card. The next six cards are the last six cards 

from the Paracantor I output. These can be distinguished by the numbers 1-6 
. . .  

in the 71-80 positions of the cards. These must be in numerical order, since - 
there is no check. on the order besng correct.once the cards are read 'n. The . . 

last card in the mainprpgiam is. a transfer 'card (to 0646) to those, commands 

which read the input, into the memory. Upon the completion of a problem the code 

automatically transfers to 0646, therefore, no transfer card (s) are needed 
. .  . 

- 
with any input. However, the transfer card in the main program must be the last - 
card of the program. 

The form of the input is : 

The output for Paracantor 11 is also in floating point form. The arrangement 

of the outp& is: 

The following are given as aids in the operation of the. Paracantor I1 code: 

1. If Arc or ArR is set equalto zero, theprogram will go into 

a loop and the problem will not be completed. 
. . 

2 If Arc > Rc ,the flux calculaLiOu in ,tile cu~*a  may be skipped. 
. . 

The program wiLl compute theflux at r =. 0 and'r = Rc, from core 



equations and then procedd i n  the normal fashion. ' In a similar 

manner, i f  A r~ >Tt , the program w i l l  bypas's the  re f lec tor  points,  

except fo r  i? = Rm and r = Rc + T" . 
, %. 

3. If A r c  = RC/n,, where n- is' aninteger, ~ ( R c )  i s  evaluated. twice 
. . 

using the core equations. Similarly, i f  a rR  = Tf/n, a double 

evaluation; of $(R+T ) i s  made. 
. . ? .  

. . ' 4 .  I f  Rm = R , ,  the fluxes f o r  RIR a r e  calculated by use o f  the  , 

. . 
the  re f lec tor  equations,' ,thus .providi& a .check on the  f lux  

. . . , 

boundary conditions. ' . . . 

5 .  If Rm< Rc or  R l R I R C  + Tt , the  program automatically replaces,, 
. . 

the  Rm by 'Rc and proceeds. 

6 .  The fluxes a t  Rc + TI a re  :frequently ident ical ly  zero, but 

occasionally w i l l  have absolute values of lom8 t o  10-12. 
. . 

This is. genefally because t h e  2 I s  a r e  not zero due t o  round 

off i n  t h e  - 10 i K~~ (Rc + T I 0 terms i n  Wsacantor I. 
KP . , 



Appendix A. 

Bessel Functions 

The Bessel Functions used in Raracantor I are a l l  evaluated by ser ies  

I with the exception of KO (x) and K1(x) for  x < 2. 

In  the case of J (x) and Jl(x) a single ser ies  is  used# since the 
8 

0 desired value of the argument fo r  sol&ion of the c r i t i c a l  equation usually 

l i e s  below the f i r s t  zero, (x < 2.405). The ser ies  used are:  

Twp ser ies  a i e  'used t o  e v a l k t e :  fo (x )  and I (x), since the arguments 
1 

of these Bessel fimct ions may ,.vary .'widely depending upon the reactor 
. .  . . , . . . . 

materMi3;; 'used. The .ser ies  . . used are,. therefore : 

Bri t i sh  Association fo r  the Advancement of Science, Mathematical Tables 

Vol. VI, Bessel Functions,Part I, University Press, Cambridge, 1950 



The asymptotic series are used, where the 1Ast coefficient has 
4 

been adjusted to give the Best fit as x + 5. (1 part in 10 ) 

. . X 
' ' e ,  I '(x). '= 1 .  . . .. .19129591 - 

. . . . X 

. . 
K '(x) and K (x) tire ekaluat'ed by ,an asymptotic serie.s for arguments 
0 1 

greater than 2. The last coefficient has ag8in been adjusted to give 

a smooth fit as x -& 2. ( 1 part in la4). ' , .  

Ko(x) and K1(x) for x < 2 are evaluated by a table look up plus a 
seven point ~a.Grangi+, interpolation scheme. The smallest argument which 

can be evaluated is x = 0.22. The form is as follows: 

f, is the first tabular value smaller than the f being searched for. 





Appendix B 

Problem: Paracantor I - Subdecks 
LOC . Data Ins tr . 

z Instr . Operation Addr . Addr . 
M/U ITERATION 

Remarks 

1659 M/U + 1679 for modificat5on 
0000 .95 M/U 1627 
0000 Recycle 
1667 M/U + 1678 for modification 
0000 1.05 M/U 1627 
0000 Recycle 
0000 M/ui + M/uj 

2 1627 
0000 Recycle I 

0000 Constant - decreases M/U 

0000 dons tant - increases M/U 

0000 Convergence criteria 
-5 Transfers M/U to punch each iteration 

R ITERATION . (All D and I. addresses of 1627 are changed to 0570) 
. . . . 

I 
1621 50 1100 0000 Constant - Increases R 
1622 49 7500 0000 Constant - Decreases R 
1684 49 2500 0000 Convergence Criteria 

. . 

q ITERATION (All D and1 addresses of 1627 are changed to 0584) , ' 

The recycle ,F .Do ER c,o?mands .are changed to : 

-12 1165 0000 
1621 50 1050 0000 Constant - Increases 
1622 49 9500 0000 Constant - Decreases 
1684 47 1000 0000 Convergence criteria 

H ITERATION (All D and I addresses of 1627 are changed to 0569) 
The recycle F.D. ER commands are changed to: 

-12 1163 . ,0000 
The constants for R may 'be' ~ e d .  . . 

11-65 A-H -06 0569 
1164 -00 1629 

1153 ) - w * =  H 
0000 

1124 LD 69 1@9 lJ-25 Transfers H to punch each iteration 
". 

T TLERATION (All D and I addresses of 1Q7 are changed to 0568) 
The recycle F.D. ER commands are changed to: 

-12 1163. OOOO 
The ccsastant's for 'R may be used'. 

1163 A-m- -06 13568 
-00 1628 

u52 1 1' -*.=I 
1164 0000 
1124 LD 69 1628 112 5 Transfers T to punch each iteration 



Appendix B 

Problem: Paracantor I - Memory Locations of Constants and Pertinent Data 

Loc Data Ins tr, 
Ins t r .  Operation Addr. Addr. Remarks 

567 Esnpts 
5 68 T ' 
569 H' 
570 R (Input) 
573 
574 
575 
576 Moderator Data (1nput ) 

577 
578 
579 
586' 

581 Reflector Data (Input) 

582 
583 

584 (optional ~ n p u t  ) 
585 Extrapolat ion Constant (optional ~ n p u t  ) 
586 2.0 
587 Zero (an) 
588 37 
589 Klr 

590 K2r 

591 1.0 
592 L~ 

5.0 
0.22 (~ower Argument L i m i t )  

637 24 0029 0026 . - 
697 C 

698 00 0001 0000 
699 Temporary StQrage 
702 Empty 
703 Empty 
704 Empty 



Problem: Paracantor I - Memory Locations of Constants and Pertinent Data 

Data I n s t r  . 
Operation Addr. Addr. Remarks 

1nput) - must 

$ 1 ~  

s cheme 

. . 

(a + T I ) ]  
.n KO, K. locator 1 

Stop 

n - Argument Fraction 
3 0 0 

) Temporary Storage 

0000 
0000 

Constants f o r  KO and K1 
~ n t e r p o l a t  ion Scheme 

0000 
0000 
0000 

3 
KO Table 

00 0000 

K1 Table 

Empty 

TY $unch Band used 
in  I te ra t ion  : :  cy,, 

Empty 
Empty 
Empty 
Empty 



Problem: Paracantor I - Memory Locations of Constants and Pertinent Data 
LOC . Data Ins tr . 
Ins tr . Operat ion Ad.&, Addr . Remarks 

1134 Empty 
1135 Empty 
1136 00 0888 8888 Punch Band (1127) Field Control 
1149 Empty 
1150 Empty 
1151 Empty 
1152 Empty 
1153 Empty 
1157 00 0000 0007 
1160 3 c - fuel concentration (gm/cm ) 
1161 Empty 
1162 Empty 
1216 49 2500 0000 
1217 48 1562 
1218 46 4340 
1219 44 6781 I~(x) constants x c 5.0 
1220 42 6781 6840 
1221 40 4709 5028 
1222 38 2402 a975 
1223 Argument Storage 
1236 49 5000 0000 
1643 48 6250 0000 
1644 47 2604 
1645 45 5425 I~(x) constants x < 5.0 
1646 43 6781 6840 
1647 41 5651 4033 
1648 39 3363 9306 
1649 37 150$ 7547 
1255 49 1250 
1256 48 $031 ggEE } I.(.) constants x > 5.0 
i257 48 7324 2187 
1258 49 1509 4433 
1277 49 3750 
1~78 49 U71 ;;;El constants x > 5.0 
1279 49 1025 3906 
1280 49 1912 9591 
1281 08 0000 Table 
1282 00 0000 OooO 0050 ] Constants 
1379 49 1250 0000 
1380 48 7031 :;;;] K.(x) constants x> 2.0 
1381 48 7324 
1382 48 5896 4527 



Problem: Paracantor I - Memory ~ocation~ o f  Cons tarlts and Pertinent Data ' 

LOC . Data Instr. 
Instr. . Operation Addr. . Addr. Remarks ' 

49 3750 
49 1171 g ] K,(x) ~0nsta.t~ x > 2.0 
49 1025 3906 
48 7787 4253 P ;  a(Yev/e,) 

A - constant:; Za 
B - constant Q , 7 a(*,) 

49 2500 0000 m/* 
48 1562 
46 4340 
44 6781 J~ (x) constants 
42 6781 68@ 
40 4709 
38 2402 8075 
49 5000 0000 
48 6250 0000 
47 2604 
45 5425 
43 6781 J~(x) constants 
41 5651 4033 
39 3363 9306 
37 1501 7547 

Multiplication constants in 
new variable selection 3 Eapty 
Edlt Punch Band 

' i , .  

woikirig Storage 
2 

a counter 
b counter 

00 0000 0002 
(variable )a - 

(~ar iabie ) b 
. . convergence Criteria Constant 

9 

~ e m ~ o r a r ~  working Storage 

Empty 
.3' 

i Short Load Rout.i.De. 



The t e s t p r 6 b l e m  which f ~ l l o w s  uses water a s  the  moderator,, $35. 

a s  the  fuel,, and t h i ck  graphite a s  t he  r e f l ec to r .  R, ' t h e  core radius, 

i s  the  var iable  parameter. A bas ic  deck, a subdeck, and the  input deck 

are ,  therefore,  assembled i n  order.  

I*ut 

A l l  numbers i n  t he  input a r e  i n  f l oa t i ng  point  form. The order i s  

immaterial except f o r  the  t r ans f e r  card, ( t o  0 0 2 6 ) ~  which must always be 
1 =2' 

the  l a s t  card of the  input.  The input constahts - - , Dl, and D2 a r e  2' ' D2 
given f o r  normal density.  A l l  of the  constants used a r e  from Glasstone 

. . . . 
. . . . .. ' . arid Edlund. . . . .  . . . .  

. . . .  . . . . . 
. . 

A:'. .Basic. 11-1iut . .. 
. . 

. . , . F i r s t  Card: '. '. ~/6, T, . H, , w P 
... . .  . . 

Second Card: R in i t i$ l  
L 

Third C a r d :  . 1 ,  , ,2clD , Dlc, Dgc, ( f n ) c  
2c 

, Fourth Card : l/* , 2r/,, , , D ( n )  , '' 

F i f t h  Card: 
2 r  ( e l  ,),? ( e / p n ) c  , , 

B. Optional Input 

Sixth  Card : 

Seventh. Card: vL, vg 

Eighth. Card : 

~ i n t h  Card: . B c = 

. . . .  . f . A(,;\:A) Tenth. Card: ' A Z - 
. - 

a 
Last .  .Two Cards 

.Eleventh Card: Loads. the  i counter (0029) of t he  f loa t ingrpa in t  
. . 

f outine . 
Twelfth Card: Transfers t o  the  f l oa t i ng  point  rou t iae .  . . 



output 

A l l  numbers i n  the output a r e  i n  f loa t ing  point form. The numbers 

i n  the eighth posi t ion on each card serve a s  markers f o r  Paracantor I1 

input. The arrangement of the output i s  a s  follows: 

. . . .  , .  . . . .  
. . where :. . . . . .  . . . .  . . . . . . .  . . 

. . .  
. ,  . . . , .  : : t l =  K (R +T') 

. .  l r .  . . .  



. .  'APPENDIX D 

. .. . ... PARACANTOR. I1 - ' Memory Locations of constants and ' Pertinent Data , 
. 

. ... . 

Location of . . 

Code Instruction Data '~ns t ruc t i 'ok  Remarks 

. . 

. 569 . , ' ' . . 49 0000 
. . 

570 . , . . 48 ' . :  
. . .. . . 

:571 , ' ,  . . . ,  :,'. . ' . 4 6 : .  : . .  . . . 27-78 
. . 

. . . . 

572 . . ' :  '44 . ' . .  ,6781,; . 6840. J ~ ( x )  constants 

IO(x) Constants ' : 

I, (x) constants 
.. . 

~ > 5 . 0  - . 

Extrapola.tion 
Constant ,. 

3.0 



b c a t i o n  of 
Instruction Code Data Instruct  ion Remarks 

5 9  9- 0 

599 4.0 

609 m p t y  

610 Empty 

628 
4 I Set Punch Band 

6 36 t o  Zero 

650 Working Storage 

1.0 

Working Storage 

Working 'Storwe 



. . . . 

. Ucation of . . 
, . 

Instruct ion.  , . Code . Derta. Instruction . Remarks 

710 W ~ Y  

727 Set Punch Band 
& t o  zero 

736 

759 Empty 

768 120.0 

799 00 0000 897 Constant i n  Q, 
locator scheme 

809 Empty 

. , . . 
816 61. O 

.. . . . , 
. . .  . . .  817 . . . . . ' .  . . 

. . . .  
1440.0. 

. . .  . . 
< . .  

. . .  859 . . ' . . Empty 
. . 

. . .  860 . . , .  . . . . . 
. . .  

. . 
. . . . .  . . . . Empty 

. . . .  . . 
. . 

. . 
. . . . . . .  . . 

. . . .  . . .  
864 

. . :. 
. . 

. . Working storage 

. . .  

879. . , 48 7031.1 . 2500 

. t KO (x) constants 

, ,48. " . ' 

~7 2.0 
800 . ' ,7324. . 2187 

. . 

. . .  . . 
1951 

. . 4 . . ' Working Storage 
1960 



Appendix F 
. . 

UTILITY PROGRAMS USED IN PARACANTOR 

I. Setting of Storage Entry Switches. 

If the clear card shown below is used, the storage entry switches 

should'be set, to 

70 oooi 0003 
If this card is not used, the Storage Entry keys should be set to 

70 2851 1851 
11. Storage Clear Card, 

This card places +O in locations 0002 through 1999 inclusive, 
and places .the instruction 70 1851 1851 in location 0000. ~t con- 

'cludes by executing the instruc.tion 70 1851 1851. 
Card - 

0001: 00 0001 0000 

0002: 16 0001 8002 

0003: 69 0005 0004 
0004: 24 0000 0006 

0005: 70 1851 1851 

, 111. The ' first, card,. (or the second card, if a ~lear card is used) 

is the Initial loader. This is read into locations 1851-1856. 

. . 70 1851 19% 

This card wibll~ad cards of the following format: 

1901 24  w word 1) 1853 
1902 word 1 



1904 Word 2 

lgo8 Word 4. 

The i n i t i a l  loader is  used t o  load the  standard load routine, 

which i s  loaded,. f~ur 'words  per-card, '  i n  the format. shown above. ( ~ h e s e  

cards must not be load cards. ) . 
. : . .  . 

, In  t h e .  last ,' card ef : the  load  routi&s of Paracantor I, the 
' 

Instructioh Address ' u f  word 7 is 1856. This i s  followed by a card 
. . . . . . 

ha;ving, all' 80 columns . punched . .  with , zeros. Th i s  w i l l  c lear  the 1851- 
, . . . 

1860 read buffer. Control i s  automatically t ransferred t o  the  standard 

load routine f o r  reading the r e s t  of the cards. 

I n  the last card of the  "Long bad and Punch Routine" used with 

~ a ~ a c a n t 6 r  11, word 7 i s  24 1851' 1851 and word 8 is 70,1851 19%. 
. . 

This card i s  followed by a .card with eighty zeros,. which c l e a r s  out . , 

. 

the  read band 1851-1860. Control is. then automatically transferred 

t o  the  " b n g  b a d  and Punch Routine" t o  read i n  the  r e s t  of the 

program. . . ' . 

I V .  Standard bad  Routine f o r  Paracantor I. . . . . 

. . 

This program w i l l  load n words per card, 1 C n c_ 7, in to  consecutive 

locations, the first word being placed i n  the location punched i n  

column 7 - 10. n i s  punched i n  column 6. I f  n = 0, the card serves 

t o  t ransfer  control, the  next instruct ion be- taken from the  address 

spec i f i ed ' in  columns 7 -10..  The program is included below. 

V.  Long Inad and Punch Routine LTSR 

I The bng Insad and Pursch~Routine,.used i n  Paracantor 11, is 
I 



. . 3 

is loded four words per card by the initial loader descrilied. above. 

A description of this routine, and the coding for both the load routine 

and punch routine is included below. The constant in 191 in thG load 

routine should read 24 0000 1999. 

VI. Interpretive Routine 

This problem uses the Floating Decimal Interpreti-re Routine 

described in IBM Technical Newsletter No. 8, pp. 17-43. This has been 

modified in that the multiplication routine, page 25 in the newsletter, 

has been changed so that it will yield a normal zero when one of the 

factors ' is zero. A constant ,.* 989. 989 is placed in location zero, 
. . 

so that a transfer b f ,  control to .l@cation zero due to the omission of 

'cards will stop the machine ,with a .recognizable number in the program 

register. The coding for the.revised multiply.routine. is included 

below. An asterisk indicates a change from .Technical ~ewsletter ~0.8. 
. . 

' , .  

VII. Exponential Routine 
. . 

. ,  . 

. The interpretive. & i t e m  described. abbve handles floating point 

arithmetic.. . '  This problem also 'uses the exponential function. In the 

interpretive system, a command of the form -22 A33 will compute ex, where 

x' is the floating point number in .location A,. and store ex in location 

B. The calculation uses a Chebyshev polynomial. ,The coding is 

included below.. . . 



iBh4 TYPE 65'3 PKOGRAM SHEET 

~.takdard L a d  R~utltne f o r .  
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REMARKS 
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1992 Last wordcontrol 

- - - - . . - - - 
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' ' THE LOAD AND PUNCH ROUTINE 

1. THE LOAD ROUTINE 

Definitions 
b 

Addressed.Card: . see Plus Card. 
.. Control. Field : ' Columns 1-10 .on a crd. 

Field k: Columns 10k+l through 10(k+l) on the card. k= 1,2,3, 
... or 7. 
Minus Card: One having an "XIt Punch in column l0,along with 

0 . . 
whatever :other dig3t 'may be necessary., . 

' . Plug Card:' .one having no ''X" punch in column 10. 

Un-addressed card: . . see Minus Card. 

Units column of Field k: Column .10(k+l). 

Word:. Any 10 digit number with sign. It may represent :either 

an instruction or a piece of data. It is entered in field 

::: .:..'.k'..wf:th .the most significant digit in column 10k+l and the 

least significant digit in c b l m  10(k+l). The sign, if 

the word is negative, is double punched an "X" in the units 

column of the field; No extra punch' is necessary if the word 

'is positive. Every column of the field must be'punched and 

only the. units .column' should be ,double punched. 

The .Control Field. 

:colbns 1-5 : . punched 0, 0,O, O;O respeclttlirely. 

Colupn 6: . punched . . 'with a single digit, 3 permissible values, 
of which will be enumerated in the following sections, Plus - 
Cards and Minus Cards. - 

Columns 7-9: Punched with the first 3 digits of a 4 digit 
number having significance to the load routine in the cir- 

cumstances to be described in the two sections, Plus Cards 

and Minus Cards, below. v 
a 

Column 10: Punched with the fourth digit of the above-mentioned 

four digit number in the case of Plus Cards. In addition to 
/; 

/ 

this fourth digit, column 10 has an "X" punch if the card is 
I 

a Minus Card. i 
i. 



Plus Ceds  

. I f  - n (column 6 i n  the Control ~ i e l d )  i s  zero, f i e lds  1-7 on 

the c a d  are ignored, and the load routine w i l l  t ransfer  control 

t o  tha t  instruction whose location i s  determined by the four 

d i g i t  number in columns 7-10 of the Control Field of the card. 

I f  - n i s  one of the d ig i t s  1; 2,3, . . . or 7, f i e lds  1 through 

3 respectively,. of the card &e transferred t o  the consecutive 

locations on the drumstar t ing 'with tha t  one whose address. is  

. . given by the .four d i g i t  number in,columns 7-10 of the C'ontrol 

'Field of. the Card. 
' .  values of n - other than those ' l i s t ed  above.; are  not - permissible 

for  Plus Cards. . . 

Minus Cards 

I f  - n '(column 6 of the Control Field of the card) i s  zero, 

f i e lds  1-7 on the card are ignored and the load routine w i l l  

t ransfer  control ' to .that location whose adddress is  determined 

by the four d i g i t  number i n  columns 7-10 of the Control Field 

of the card. 
2 

I f  - n equals 2, an address is  entered in to  the load routine 

which i s  tha t  of the f i r s t  of a sequence of locations t o  which 

information from succeeding cards (on which &O or  9) w i l l  be 

sent up by the load routine. Fields 1-7 of the card are  ignored. 

This address is  taken from columns 7-10 of the control Field of 

the card. 

I f  - n i s  one of the d ig i t s  1,2,3,. . . or  7, the - n words, f ie lds  

1 through - n respectively, of the card are  stored on the drum i n  

consecutive locations s t a r t ing  with the location whose address 

i s  one greater than that of the location t o  which the last word 

on the preceeding card (&I which $0 o r  9 )  was sent.  The four 

d i g i t  number i n  columns 7-10 of the Control Field of the card 

i s  ignored by the load routine. Hence these d ig i t s  may be used 

f o r  card ident if icat ion purposes. 

Values of - n other than those l i s t e d  above are  - not permissible H 

on Minus Cards. 



Entering from Program 

, The load  mutine may be entered from any program by trans- 

ferr ing control t o  drum location 1996.' Control i s  returns t o  

-the program by the use of a card having - n=O (column 6 of the 

, ' control  f i e l d )  behind the deck of cards t o  be entered,. 

Example 

. . . .  Consider the following load deck, containing many o f .  the 

possible combinations . tha t  can be handled by the load routine.. 

.Card L : A plus card fo r  which - n=3' and columns. 7-10 of the 

control f ie ld .conta in  the address 0300. 

The load routine w i l l  send the word i n  f i e l d  1 t o  

location 0300; the word i n  f i e l d  2 t o  location 

0301; the word in f i e l d  3 t o  location 0302 and read 

in. 

Card 2: A minus card on which - n = 2 

The load routine w i l l  send the word i n  f i e l d  1 t o  

location 0303; the word i n  f i e l d  2 t o  location 0304 

and read in. 

Card 3: A minus card on which - n=9 and columns 7-10 of the 

control f i e l d  contain the address 0320. 

The load routine w i l l  s e t  i t s  address ;counter t o  

0320 and read in.  

Card 4: A minus card on which - n = l .  

The load routine s tores  f i e l d  1 of the card in to  

location 0320 and read in. 

Card 5: A minus card on which - n=3. 

The load routine stores the word i n  f i e l d  1 of the 

card in to  location 0321; the word i n  f i e l d  2 into 

0322; the word i n  f i e l d  3, in to  0323 and read in .  

Card 6: A plus card for  which n=O - and columns 7-10 of the 

control f i e l d  contain the address 0303. 

The load routine t ransfers  control t o  the instruction 

i n  drum location 0303 and the program loaded on the 

' preceeding f ive  cards' begins at  tha t  point. 



2. THE PUNCH ROUTINE 

A .  How t o  Get a Memory Dump: 

b By loading the following word in to  the lower accumulator: 

on A B - + (A), where n = 1,2,3,. . . or  7 

-9 
and then transferring control t o  drum location l97X, the punch 

routine w i l l  then punch out, - n words t o  the card, all the words 

i n  ' drum. locations .A, through B, inclusive. Mihus cards wfll be 

' . punched i f - t h e  word i s  negative and plus cards w i l l  be punched 

i f  'it is 'positive.  

' . The .mutine may be .entered from a program and when the 
. . 

punch routine i s  f inished,  control w i l l  be transferred t o  tha t  

instruction whose drum location is entered by the programmer in 

the . ins t ru&t ion  address of location 1902. 

B. The Punch Routine may also  be used t o  emit an X-punch i n  column 

75 o r  76 on a card. See the How t o  Use the 650 sheet . , fo r  detai ls .  

3. STORAGE REQUTREMENTS 

The Punch and Load routines are  scrambked together and occupy the 
' 

ent i re  last two bands of drum, locations 1901 -1999 .inclusive. If 

location 1959 i s  used fo r  &emporary storage by the programmer, it '1.. 

must contain zeros before the Punch; Bo.utine:'.As used. 

June 12, 1956 



SHORT LOAD AND PUNCH ROUTINE (sLPR) 

The essent ia l  differences between-this routine a.nd the regular Load and 

Punch Routine (LPR)are as follows : 

1. SISR occupies permanently the locations 1951-1999 i n  memory 

and uses the read buffer 1901-10 and the punch buffer 1927-36. While 

punching, .the spaces 1901-1903 are used i n  ,addition t o  the  puncWqg 

I ' buffer zone. 

2. SLPR t r e a t s  all. cards t o  be. ba&d.aS.Plus (addressed) cards so 
. . 

. t ha t  c~lumns 7-10 must be f i l 1 e d . h .  with the address t o  which. the in- 

formation on the ,  card is  ' t o  be 'sent.  This i s  t rue  whether o r  net  the 
. . 

f i r s t .  f i e l d  :is' pos'itive , or  negative. SLPR w i l l  punch. e i the r  Plus o r  
. .  . 

Minus cards guitable. f o r  d i r e c t  reloading with SISR (or  LPa with the use 

df the '9 card i n '  case of  inu us cards). CAUTION: I f  minus cards are  

t o  be p*ched.the nmber of wdrds t o  be punched 'must be an integral  

multiple' of the. .number of wdrds per card desired, Otherwise, the 'con- 

t r o l  f i e l d  .o'f the l a s t  card w i l l  not be .set  properly. 

3. ,The'exit .  from.the punch routine i s  i n  1953, otherwise all entrances 

are  the same as  i n  LPR; i .e. Load i s  entered a t  1996 .and Punch a t  1971. 
'Other than is, noted above,the instructions and definitions f o r  LPR hold 

fo r  SLPR. 

4. The Punch and Load pdrtions S U B  are  coded i n  separate bloc&. 

The punch' portion occupies locations 1951-1979 and the Load routine oc- 

cupies locations 1980-1g99. 

K. B. ~ f l l i ~ / ~ h  

June 12,. 1956 



SHORT LOAD ROUTINE (SLR ) 

 his is a load .  on ly  routine, ident ica l  t o  SLPR i n  t h a t  it w i l l  load 

only, plus.: (addreksed)r:c&dqi, , 

. . 
It occk? ies  ipaces 198~-1999 and uses the buffer 1951-19@. ,,; 

:i .: . 
:. . ,i ' 

It will. not punch. ' . ' 

It i s  entered, .' as  with the o ther  l o a d  routines at  1996. / 
. ,  . . , .  . 

K. B. . ~ i ~ i a . m i / ~ m  

June 12, 1956 



I.. , Long ~ o a d  and Punch Routine (LLPI() 
. . * .  . . 

' . . 8000 70 . 1851. 1851 
- Card 1 , '  

. .  . 

'. (1851) . '  70 1951 1852 

(1852) 69 1952 1951 

(1853) 69 1954 1953 
(1854) 69 1956 1055 
(1855) 69 1958 1957 
Card 2 (and succeeding cards) 
(1951) 24  word 1) 1853 
tJ952) Word .l .' 

(1953) . 24 .  w word 2 ) .  ,1854 
(1954) Word 2 

(,1955) 24  w word 3)  1855 
(1956 Word '3 : . 

, . 
I 

(1957) . 24 ,  word 4) 1851 
(1958) Word 4 

The last  card .contains a l l  zeros. ' The last 2 words of the card ' . 

preceding 'it are : 

' (1957) 24 . , 1851 1851 : 

(1958) . . ,,TO 1851 1996 . ' . . . .  

This clears read buffer 1851-1858 to' zeros before t r a n s f e r r h g  
. . .  

control t o  the Load  outi in?. . . . ' . . 

11. Short Load and' punch Routine (SLPR). 

8000 . .  70 1851 '1851 f ' 

Card 1 9 ' ' . . . 
\ ' 

. (1851) . '  - 70 . igO1 1852 . . .  

1 . '  (1852) ' .  69 : 1902 1901 . , . 



d 

Card 2 (and succeeding cards,) 

Same as Long Load and Punch Routine 

III.. Short Load and   on-Zero Punch. Routine 

8000 70 1851 1851 ' , , ;  
Card 1 

(1851) 70 1951 ,1852 

(1852) 69 1952' 1951 

(1853). , 69 1954 1953 . . 

(1854) 69 . 19.56 1955 ' ' 

(1855) 69 ' 1958 1957 , ,  . - . . ; 

(1856) . ' 70 : 1851 1996 

Card 2 

Same. as Long Load and Punch Routine. 

. ' The last 'card is  a l i  zeros. TheC(1957) from the preceding card 

i s  24 XXXX 1856,' .which ' Elears. the read buffer 1851-1858 before t rans-  : 

ferr ing control t o  the load routine. 

I V .  Short Load Routine 

Same as  Short Load and Non-Zero Punch Routine 

V. Multiple Storage Check (MSC) 

8000 70 1851 or 70 0001 0003" 
Card 1 Same as card 1 SLPR 
Card 2 (and succeeding cards) same a s  card 2 SLPR. 
Last card reads: --- 
(1901) 24 0000 1903 

(1902) 00 0000 0000 

(1906) 24 1853 wi' 
(1907) . . 24 1954 1908 

(1908) . 24 1855 1996 
This card c l e a r s  the storages used by the storage. c lear  card as well 

as the read buffer 1851-1858 before t ransferr ing control to.,bEC .. . 

2 * A storage clear  card should precede the MSC. 
, ' 



AN INTE3PRETATIVE FLOATING DECIMAL SYSTEN FOR THE IBM 650 

Introduction 
2 ' 

This floating decimal system will 23 basic operations using a' 

floating decimal number system by ,means of interpre'tative programming.' .It was 

designed with coding ,convenience, as a prime objective. 
. . 

Floating decimal, instructions, that is, instructions which are to be . . 

interpreted, have a. negative sign, A:floating decimal Instruction consists 
. . 

, .  . ' 

: . of a,'two-digit operation'code, a 4'digit address speciofng.the location of the 

first factor, a 4  digit address specifying the location of the second factor (if 

required) and ' another 4 digit ' address spec-g the location of the third faotor 

(if required). It is a variable address system in that only as maqy addresses 
. . 

. . 'as are needed for.the par$icular operation are-required. Thus, some operations 
- 

use only one address, some require two addresses ahd others require 3 addresses. . 
. 

Floating decimal inst'mctions will be taken from consecutive memory lo&tions. . 
If an instruction requires one or two addresses', the instruction is stored in 

one memory location. IP three addresses are required, the third address is 
. . 

stored in the memory location immediately following the one containing the 
'' 

instruction. 

Should a positive instruction appear, it is interpreted as a normal 650 

instruction and subsequent 'instructions are ,not interpreted. Thus, upon 

oocurrence of a positive instructionthe 650 operates in its usual D-I mode. 

This continues tmtil an instruction address of 0026 is given which causes 

a control to return tm the interpretative routine* The program w i l l  return to 

the floating decimal mode of operation at the point of departure. 

For example, consider the following sequence: 



Contents 
floating point instruction ( - ) 
floating point instruction ( - - ) .. 
floating point' instruct ion '( - ) 
normal 650 instruction(+) 

 h he contents of n+3 are interpreted as a normal 650 instruction including 

the instruction address for sequencing. Normal execution of instructions 

continues until 0026 is used as aa instruction address, at which time the 

program returns to the floating decimal mode of operation beginning with 

the instruction location n+4). 

NUMBER FORM 

Exponent +5O 
Mantissa 

-- -- \ 

xx' ;xxxxxxxx\+ - 
where the ~antissa' is in the 'form 1 5 x. xxxxxxx< 10 

INSTRUCTION FORM 

Floating Point Command 
.-------. 

I i 
1st Address 

2nd Address 

location i+l xx xxxx xxxx 

location i+2 00 'GPx~. 0000 
3rd address 

i+2 has this form only ff the 5rd address is needed, otherwise the form 

of .i+2 is the same'as form of i+l. 

START OF PROGRAM b 

To enter the interpretive rbutine for the first time to begin a se- - 
quence of interpreted instructions beginning at memory location i+l, the 

programmer must arrange to insert the. number i+l in the data address of - 
location.0029. Then a programmed transfer to 0029 will begin the proper 

sequence of interpretive instructions. (see the "Hints and Aids " following 

this paper]. 

-2 



f i O A T I N G  DECIMAL ACCUMULATOR 

A f loat ing point accumulator referred t o  a s  k(1ocation 0057) is used f o r  

accumulation and accumulative multiplication. It need not be addressed in 

operations which make use of it bu t  can be addressed f o r  other operations. 

OPERATIONS . 

Below is a l i s t , o f  the operations with the i r  codes, addresses required 
. . 

and estimated average time of execution. . . 

Code and Addresses Operation Estimated Average Time 

01, A, B A+B-K . 62.8 

A-B ' K 

K-A- K 

A+B --+ C 

A-B --+ C 

AxB --b+ C 

10, A, B A/B-K 72.2 

BR M I N  A 1 1 , A , B  , ' ,  2804 

12, A BR 1807 



Code and .Address 
19 A, B 

Operat ion 
Sin A + B 

20 A, B Cos A -* B 

21 A, B In A,-* B 
J 

2 22 A, B eA B 

EXPLANATION OF PROGRAMS 

. , 

1. General ~ n t e r p r e t a t i o n  , ,  

. . 

The ,general' interpretat ion:  routine taxes instructions.  from con- 
. . .  

secutive memory ioca t io is  and. analyzes .them t o  see i f  tney are  normal 650 

instructions o r  i f  they must be interpreted. I f  the instruct ion is  t o  be 
. . 

interpreted, the 'routine .obtains the  factor  a t  address A and s tores  it i n  

, location 0037. Control is  then transferred t o  the proper sub-routine. 
I 

Each subroutine (operation codes 01 :6?23) begins at the drum location 

4 
ident ica l  t o  ' the operation code. Thus, i f  operation code 08 is used, con- 

t r o l  i s  traimferred t o  location 0008. 
9 

2. Operation Code 16 Square Root 

This sub-interpretative routine computes the required square root 

and s tores  it i n  location B. The i n i t i a l  approxim+ion i s  Xo = ( 1 + 4 ~ ) / ( 4 + ~ ) ,  

obtained from the RAND Corporation "Approximat ions i n  ~ u k r i & . a l  Analysis " 
. . 

form 15S, Notes.; 

3. Operation Code 18 Vector Multiplication 

Operation 18 i s  a vector by v e c ~ ~ m i L t i p l i c a t , i o n .  ' Address A1 
- .. , 

L .  

and address B; a re  the addresses b%..,the f i r s t  elements of each of the 

. . 
. . . :  vectors,,. Succee.dug .elements of the vectors a re  then taken from -conse- . . . . . . . .  . . . .  ...." :..<:.:.--:: . .  . . . .  . . . . . . .  . . .  . . , . . .  . . . . . .  . . . .  . . .  . . .  . . . . . . . . . . . .  . . .  

. . 
. . . . . . . . . .  . . . . . . . . .  ..-... ... . . . . . . . .  - ;*.. 

.... ..... .:.... > .. -: .-. . .. .. ..,, ... 4 . . . . . . . . : . . . . . .  - .  . < .  I .  

.:.:... 
. . ...,... . .. , . . . . .  

cutive memory locations s ta r t ing  with the i n i t i a l  locations A1 and B1. The 
L.. ., . 

t h i r d  address, n, indicates the number of elements in.earhvector. 

-4- 



Use is made of the sub-interpretative routine "Interpretation of .14" 
' 

to perfdm:. accumulative multiplication. As each, pair of factors are multi- 

plied together and added to the. previous sum, .n is reduced by 1 and zero 

d . . tested. When n has been reduced to zero, the last two factors have been 
. . 

multiplied and .tk; operation i$ complete. 

,r ., 4. Operation Codes 19 and 20 - Computes sin 8 or cos 8 
/Q/. "/2x lolo if Q exceeds this range an incorrect answer will 

result. 8 ,is positioned so. that division by '/2 .results. in 8 = I + f where 

f 5 '12 and I is an integral. NOTE : 0 MUST BE IN RADIANS. 

. If cos 8 is to be computed then /I/ + 1 4 I and /f/ + f. 

If sin Q is to be computed and 8 is negative then /I/ + 2 -, I. 
. . .  

The adjusted I is.divided by 4. so that. 1/4.= Q+R. 

if R = 0 then /f/ f 

if ,R = 1 then "12 - /f/ 4 f 

if R = 2 then.- /f/ + f 

if R = 3 then /f/f '12 -+ f 

- 
(f.21'). . - x where - 1 < x ~ 1 .  ,, 

and sin (x) 1 1.570796318(x) . -  . 645963711(x3) 

Locations 0466 + 0569 are used for this routine The relative error is not 

more 'than 5 in' the: 9th decimal. 

5. Operation Code 21, Computes In A 

Let x = y .. ld( 
& 

. where . l 5 y  1 



we use 

@ l n x  = ( K - 3 / 4 )  I n l 0 + 2 ~ *  

3/4 
' -  10- and t - Y 

y+-JO-3 -1. 

Vl0 we s e t  y -  - , y 
10 

. a n d  K -  K +  $ 
9 

' and go back @ .. 
. , 

P This routine uses loc i t ions  ,0466-0566 

6 .  , Operation Code 22 - Computes eeX 
-5OLnlO < x c 50 Ln 10 

. . Procedure.: . . 

x = ( i  LnlO.+r) ; where : i is the  . integral  pa r t ,  of 
.mo ' Lnlo 

quot. and r, ' the remainder 
. . 

e x -  e i L n l O + r  , e i L n l O .  ,r =, 10ier 

Following 'division by L n l O ,  r i s  i n  the range 

-LnlO L r c L n l O  

o r  approximately -2.3 4 r c 203 
- 

we now s p l i t  r in to  an in tegra l  pa r t  j and a f rac t ional -par t  a. 



er = eJ+s = e j  es j may 5 -'2 -1 0 1 2  
b C K L #  4/7u 

1 l/e2 e ' 1 e ..I 
, 

ex = 101 . ' e j  . es 
il 
'+, s 
$ where e j  i s  one ,of the above values. We then compfie only e using a 

4' Chebyshev Polynomial. The er ror  is  not more th& 5 i n  the 9th 

7 Operation C,ode 23 - Cgmputes tan-' x ' / 

The coefficients used are  .taken from:RAND Corporation Approximations 

i n  Numerical Analysis, form 15s. 

.Locations 0466-0566 are used. The er ror  is not more than 4 i n  the 
A 

'> eighth decimal . . 
I STORAGE 

Operations 01-18 require 466 storage locations. ~t uses locations 

0000 through 0465. Every location within t h i s  block is used, thus making 

it easy t o  incorporate t h i s  program with other programs. 

LOADING 

The in te rp re t ive  routine and t h e  conrmands fo r  operations 01 through 18 

can be loaded with the regular load routine. These comma,nds have been 

punched sever per card and .are entered in to  locations 0000-0465. 





~ c K L .  7784 
Operations -19-23 have been coded so t h a t  only 'the operations t o  be used 

need be entered on the drum.  Therefore each subroutine was coded s t a r t ing  

with location 0466. The s i n  and cos routines are coded as one uni t  and 

therefore must l w a y s  be entered as  one block. When more than one of these 

subroutines is used a l l  but one subroutine must be translated; which can 

be done by using the t ranslat ing routine. This t ranslat ion must always 

be by an even amount t o  preserve the even-odd conditions. 

A program using the interpret ive routine can be loaded on with ad- 

dressed or  unaddressed cards. It is  suggested that they can be loaded as  

unaddressed cards with only one instruct ion per card u n t i l  the program'is 

checked out. Since a l l  instruct ions.using the interpret ive routine must 

be i n  sequence it w i l l  be eas le r  t o  add and.delete  instructions in a pro- 

gram i f  the instructions are  entered one per card. After the program is  

checked out, the instructions can be punched out 7 per cards f o r  ease i n  

future loading. 

LOADING PROCEDUW SUMMARY 

1. Load Routine . 

2. Interpretat ive Routine (operations 01-18) 

3. Translating Routine i f  more than one subroutine (operations 
19-23) is  used] . [ 

4. Transfer t o  t ranslat ing routine (card punched 000000 1729 i n  

" cols.  1-10) 

5. Subroutines -to be t ranslated with a t rans la tor  card preceding 

each subroutine. 

6. Transfer t o  Load Routine ' (card punched gg0000lg96 i n  cols 1-10) 

7. General program using ' ~ n t e r p r e t a t  ive' Routine 

NOTE: I f  t rans la t ing  routine i s  not used, do only steps 1,2,7. 

-8 - 
K. B. W i l l i a m s ,  4/23/56 
lm 




