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PREFACE 

In January 1948, prior to the completion of the Mark II Calculator, the 
Bureau of Ordnance of the United States Navy requested the Staff of the Compu
tation Laboratory to undertake an investigation of automatic digital computing 
machinery with particular reference to the use of electronic components. This 
research culminated in the construction of the magnetic drum calculator, Mark 
III, on which work was started during the summer of 1948. The machine was 
completed in March 1950, at which time it was removed to the Naval Proving 
Ground, Dahlgren, Virginia. Operation on a production basis was started about 
a year later. 

The electronic and relay circuits used in the machine were designed by 
Benjamin LaBree Moore, Way Dong Woo, Morris Rubinoff, Charles Allerton 
Coolidge, Jr., Gerrit Blaauw, Marshall Kincaid, Richard Hofheimer, Charles Henry 
Richards, and others. In addition, valuable contributions were made by Ambrose 
Speiser and Heinz RutishauseU of the Eidgenossische Technische Hochschule, 
Zurich; Gosta Neovius and Goran Kjellberg of Matematikmaskinnamndens Arbets-
grupp, Kunglig Tekniska Hogskolan, Stockholm; Burton R. Lester and Charles 
Wayne of the General Electric Company; Marcel Linsman of the University of 
Liege and Willy Pouliart of the Bell Manufacturing Company of Belgium. Charles 
Manneback of the University of Louvain also paid several visits to the Computation 
Laboratory and made numerous valuable suggestions. The electrical wiring of 
the machine was carried out under the supervision of William Porter. After 
preliminary testing at the Computation Laboratory, the machine was disassembled, 
transported to the Naval Proving Ground, and reassembled there under the 
supervision of Frederick Gaylord Miller. 

The mechanical parts of the machine, including the tape read-record mecha
nisms and the magnetic drum units, were engineered by Robert Edward Wilkins 
with the assistance of Samuel Favor and Dexter Smith. 

The approximation formulas used to compute the elementary functions were 
devised in large part by John Allen Harr. The coding of the routines to evaluate 
these formulas was carried out by Clarence Ross of the staff of the Naval Proving 
Ground, Dahlgren, Virginia. 

The present volume describing the Mark III Calculator was written largely 
by Helene Valeska Thoman and Peter Fallis Strong. The chapter on the ele
mentary functions was written by John Harr, and the chapter on problem prepa
ration is in large measure due to Joseph Orten Gadd, Jr. Richard Hofheimer and 
Marshall Kincaid rendered much valuable assistance in the preparation of other 
chapters forming the book. 



The illustrative figures used in this volume were drawn by Carmela Maria 
Ciampa, and the photographic plates were made by Paul Donaldson, photographer 
of Cruft Laboratory. The manuscript was prepared for publication by Jacquelin 
Sanborn. The films used in making the plates from which the book was printed 
were prepared by Paul Donaldson, assisted in part by Robert Joseph Burns. It 
is a pleasure to acknowledge the continual cooperation of the Harvard University 
Press in making possible the publication of this and other volumes of the Annals 
of the Computation Laboratory. 

The construction of the calculator and the preparation of this volume fulfill 
the requirements of Task 2 of Contract NOrd 10449 between the Bureau of Ordnance 
and Harvard University. The Staff of the Computation Laboratory wish to 
express their gratitude to the Chief of the Bureau of Ordnance for the privilege 
of carrying out the work and publishing this volume. 

HOWARD AIKEN 

Cambridge, Massachusetts 
March 1952 
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CHAPTER I  

ORGANIZATION OF THE CALCULATOR 

Hark I I I  Calculator  i s  an e lectronic  computing machine in  which 
numerical  quant i t ies  and coded operat ing instruct ions are  s tored with 
the a id  of  magnet ic  pulse  recording techniques.  The calculator 's  internal  
number s torage system is  composed of  e ight  aluminum al loy cyl inders ,  
Fig.  1 .1  and Plate  I ,  gear-connected,  and dr iven a t  approximately 6900 rpm 
by a  3450 rpm wound rotor  induct ion motor .  The surfaces  of  the s torage 
drums are  coated with a  thin f i lm composed of  f inely divided magnet ic  
oxides  of  i ron suspended in  a  plast ic  lacquer ,  and appl ied to  the drums 
with an ar t is t ' s  a i r  brush.  Recording and playback pole  pieces ,  Fig.  1 .2  
and Plate  I I ,  mounted on s ta t ionary brackets  in  c lose proximity to  the 
surfaces  of  the drums,  not  only provide a  means of  recording on and 
reading from the magnet ic  medium, but  ass is t  in  the select ion of  s tored 

quant i t ies  as  wel l .  
The pole  pieces  consis t  of  spl i t  Mu-Metal  cores ,  each half  being 

composed of  twelve laminat ions 0.006 inch thick,  cemented together  and 
s tacked to  a  total  thickness  of  approximately 0 .1  inch.  The cores  are  
wound with e i ther  one 250-turn coi l  or  two 300-turn coi ls  as  required by 
playback and recording pole  pieces ,  respect ively.  The act ive t ips  of  
the two halves  of  the core  are  careful ly  lapped and pol ished.  The a i r  
gap thus formed suppl ies  the leakage f ie ld  by which the presence of  sharp 
current  pulses  in  the coi ls  may be recorded as  short  dipoles  in  the 
rapidly moving magnet ic  medium as  i t  passes  under  the pole  piece t ips .  
In order  to  insure a  high degree of  re l iabi l i ty  in  operat ion,  only ten 
pulses  are  recorded per  inch of  c i rcumference on the surfaces  of  the number 
s torage drums,  and twenty pulses  per  inch on the surface of  the drum 
reserved for  the s torage of  operat ing instruct ions.  This  higher  densi ty  
in  the case of  ins t ruct ional  s torage,  in  combinat ion with the larger  
circumference and s lower speed of  the instruct ional  s torage drum, causes  
the pulse  repet i t ion ra te  to  be the same for  both drum systems,  thus 
permit t ing the same basic  design for  playback and record uni ts .  

The pole  pieces  are  mounted in  machined brass  or  molded plast ic  
housings,  accordingly as  magnet ic  shielding is  or  i s  not  necessary due to  
the c lose proximity of  recording and playback uni ts .  Since the housings 
are  approximately l /2  Inch thick,  they are  mounted on s tepped spiral  
brackets ,  Plate  I I I ,  having lands separated by l /8  inch measured along 
the axis 'of  a  drum. This  construct ion permits  economical  use of  the 
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4 ORGANIZATION OF THE CALCULATOR 

drum surfaces, and provides 0.025 inch between recording channels to 

prevent cross-talk. 

The two coils of a record pole piece are wound In opposition with a 

common ground connection between them. A sharp current pulse applied to 

one of the coil input terminals causes a positive or negative magnetic 

dipole to be recorded in the mag

netic medium, depending on the A 

direction of the current. In either Q RINARY DIGIT 0 

case, a dipole recorded by the other 

coil «U be of the opposite p„- B|NARy 0|(.|T ( _ k 

larity for the same direction of N 

current flow. A recorded dipole 

in passing under a playback pole 1.3—Have forrr.r of placed 

piece, will generate an electro- * ' 

motive force at the output terminal of lts coll. The resulting pulse 

forms, a positive peak followed by a negative peak. Pig. or. 

negative peak followed by a positive peak, Fig. uken 

represent the binary digits 0 and 1 
S and X> re sPec tively. Thus, of the two 

coils provided on a record pole piece n»o -s 
onfl th r , Piece, one is reserved for recording O's, 
and the other for recording l's. 

Signals coming from a playback pole nWea 
v, pole Piece are delivered to a playback 

unit, where they are amplified and converted i n t n  
o w. Iiea into a rectaneular envelope. 
For example, Fig. 1.4 shows a series of v>-in ju 

the terminal of the playback coil, and („) a7 7 M •« 

unit. If the played back inf^aUon 1 0 1 °f "" 
is to be rerecorded, the output of 
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Plate III S l o w  S t o r a g e  B r a c k e t  



ORGANIZATION OF THE CALCULATOR 7  

the playback uni t  i s  del ivered to  a  record uni t ,  which gates  or  modulates  
a  se t  of  s tandard record pulses ,  and del ivers  them to  the two coi ls  of  
a  record pole  piece,  as  shown in  Fig.  1 .4(c) .  

Magnet ic  drum s torage has  the pleasing character is t ic  that  information 
once recorded remains on the drum surface indefini te ly ,  unless  del iber
ately a l tered.  Moreover ,  provided that  accurately t imed record pulses  

(o) PLAYBACK 
POLE PIECE 
OUTPUT 

(b) PLAYBACK 
UNIT OUTPUT 

(c) RECORD 
POLE PIECE 
INPUT 

0 COIL 

I COIL 

LI JL 
JL JLJl 

JL JL 
n__n JL 

Fig.  1.4— T y p i c a l  a e r i e s  o f  w a v e  f o r m s .  

are  used,  i t  is  not  necessary to  erase the surface,  
by demagnet iz ing i t ,  in  order  to  change a  binary 
digi t  from 0 to  1 ,  or  vice versa .  This  i s  because 
the record current  i s  suff ic ient  to  saturate  the 
medium in  e i ther  direct ion,  with the resul t  that  
the recorded dipoles  e i ther  remain unchanged or  
suffer  a  complete  reversal  of  polar i ty  when 
subjected to  a  record pulse  of  l ike  or  opposi te  
s ign,  respect ively.  Thus i t  becomes possible  to  
record a  succession of  quant i t ies  in  a  given 
channel  with complete  assurance that  the las t  
information del ivered to  the s torage drums wil l  
be s tored there  independent  of  any previously 
recorded quant i t ies .  

The accurately t imed pulses  required in  the operat ion of  the record 
and playback uni ts  are  themselves  obtained from the s torage drums,  where 
channels  of  evenly spaced dipoles  have been permanent ly  recorded.  

In  order  to  s tore  numerical  information using only the binary digi ts  
0 and 1 ,  a  coding system has  been adopted in  which each decimal  digi t  i s  
represented by four  binary digi ts  with the weights  2*,4,2,1,  as  shown 
in  Table  1 .1 .  Here the as ter isk (*)  serves  to  dis t inguish between the 

TABLE 1 .1  

Decimal  d igi ts  
2*,  4 ,2 ,1  notat ion 

2* 4 2 1  

0 0 0 0 0 
1  0 0  0 1  
2 0 0 1  0 
3  0 0  1  1  
4 0 1  0 0 
5  1  0 1  1 
6 1  1  0 0 
7  1  1 0 1  
8 1  1 1 0 
9 1  1  1 1 
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two binary digits which are of equal weight. Table 1.1 reveals the 

following desirable features: 

1. Examination of the 1 component alone indicates whether a digit 

is odd or even. 

2. Examination of the 2* component alone indicates whether a digit 

is less than 5, or 5 or greater. 

3. The nine's complement of each decimal digit is obtained by 

inverting the binary digits, 0 and 1. 

4. Three of the four binary components have the same weights as 

in the binary number system, permitting many of the simple properties 

of this system to be retained. 

All numbers stored in the calculator consist of seventeen decimal 

digits. Of these the seventeenth is restricted to the value 0 or 9, and 

represents a positive or negative algebraic sign, respectively. The 

decimal point is not included with numbers in storage, since the calcu

lator operates with a fixed decimal point. Seven decimal point locations 

are available, namely, between columns 17 and 16, 16 and 15, 15 and 14, 

13 and 12, 12 and 11, 10 and 9, and 1 and 0. Before starting the calcu

lator on the solution of a problem, one of these locations is chosen by 

manually presetting the decimal point controls. The choice of an operating 

decimal point, however, has no effect on the storage system, but merely 

alters the output connections of the multiply unit. 

Since four binary digits are required to represent a decimal digit, 

four parallel channels on a storage drum provide a single channel for 

the storage of decimal digits. All stored quantities enter and leave 

the storage drums serially. The lowest order digit, preceded by two 

non-informative digits, is followed by the digits in the second, third, 

..., sixteenth columnar positions, the algebraic sign, and a third non-

informative digit, in that order. The three non-informative digits 

are supplied for control purposes. Hence each stored quantity is repre

sented by a time space of twenty pulses. For example, the numbers n and 

-e are stored as follows when the operating decimal point lies between 
columns 9 and 10: 

J 
17 16 15 14 13 12 11 10 9 

2 *  o o o o o o o o o o  
n  4  o o o o o o o o o o  

2  O O O O O O O O l o  
1  0 0 0 0 0 0 0 0 1 1  

2 *  0 1 0 0 0 0 0 0 0 1  
_ e  4  0 1 0 0 0 0 0 0 0 1  

2  0 1 0 0 0 0 0 0 1 0  
1  0 1 0 0 0 0 0 0 0 1  

8 7 6 5 4 3 2 1 

0 0 1 1 0 1 1 0 0 0 
1 0 0 1 0 1 0 1 0 0 
0 0 1 1 1 0 1 0 0 0 
0 1 1 1 0 0 1 0 0 0 

0 1 0 1 0 1 0 1 0 0 
0 1 0 1 0 1 0 1 0 0 
0 1 1 1 0 1 1 i 0 0 
1 0 0 0 1 0 0 0 0 0 
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With a drum diameter of eight inches and a density of ten pulses per 

inch. a total of 240 binary digits can be stored around the drum in one 

channel. The periphery is divided into twelve segments, called number 

times, each of which contains twenty digit 

or pulse times, Fig. 1.5. Ten of the RECORD I I PLAYBACK 

segments, numbered 0-9, constitute storage 

registers, as each of them is available 

for the storage of one complete number. 

The remaining two segments are blank, and 

provide time for performing various arith

metic and other operations. Twenty parallel 

decimal channels, each containing ten 

storage registers, provide the calculator 

with a capacity of 200 registers for the 

internal storage of intermediate results. 

Any one of the calculator's 200 internal 

storage registers may be designated by 

specifying the channel in which it lies 

and the time phase in which it passes under 

a pole piece. In order to simplify refer

ences to storage registers, the channels are identified by twenty letters 

of the alphabet. As previously stated, the time phase or number time 

is denoted by one of the digits, 0-9. Then the storage register located, 

for example, on channel x in time phase 6 may be referred to as x6. 

Later it will be shown that the preparation table for instructional 

tapes capitalizes on the representation described here, and greatly 

simplifies the preparation of problems for introduction to the machine. 

The use of separate record and playback pole pieces, indicated as 

black and white arrowheads, respectively, in Fig. 1.5, increases the 

speed and flexibility of the calculator by making it possible to record 

in and read from a channel at the same time. Since a storage register 

is accessible only at the times when it is passing under a record or a 

playback pole piece, the speed of the calculator is effectively doubled 

by mounting two record and two playback pole pieces on each of the binary 

channels included in the group of twenty decimal channels. This ar

rangement is indicated schematically in Fig. 1.5, where one pole piece, 

connected to a four-wire bus, represents the four parallel pole pieces 

required for the four binary components. Thus each storage register is 

scanned by both a record and a playback pole piece during every half-

revolution of the storage drum. For a drum speed of 6900 rpm, the time 

PLAYBACK RECORD 

Fig. 1.5—Cross section of 
storage drum. 
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required for a half-revolution is 0.00435 second, or roughly lour milli

seconds, and this, the time of access to a storage register, is the 

periodic time during which the machine carries out one cycle of its 

operation. 

Sensing circuits within the machine are provided to determine, during 

every cycle, which half of the storage drum periphery is passing under 

the upper pole pieces. This is because the choice between upper and 

lower pole pieces on a given channel necessarily depends on the drum 

phase, as well as on the half of the periphery containing the desired 

register. Once the proper pole piece has been selected, it remains only 

to choose one of five number times, 0,1,2,3,4, the same number times 

being associated with diametrically opposed registers. The arrangement 

shown in Fig. 1.5, of registers 6,7,8,9,5, in that order, opposite 

registers 0,1,2,3,4, respectively, has been adopted in order to simplify 

electronic sensing circuits. 

Since numbers are played back from storage serially, the arithmetic 

units of the calculator are serial in their operation. Two parallel 

four-wire busses, A and B, carry selected quantities from storage to an 

arithmetic unit, while a third bus, C, returns the computed result 

thereto. This bus configuration was adopted since the elementary arith

metic operations provide one computed result from two operands. Note 

NUMBERS FROM 
STORAGE CHANNEL 

I 
NUMBER 
TIME 
CONTROL 

GATE 

Fig. 1.6—Diagram of regeneration channel. 

that two operands selected from storage will n„t ^ . • 
. +v, . . . s win not, in general, be stc 
in the same time phase. Therefore 

t °re, numbers going to an arithmetic i 
are first recorded at their number tim^o 

+Vl A er times on decimal channels referred 
as the A and B transfer channels. Each of tha r 

+ f, . , four binary components 
a transfer channel, Fig. 1.6 has two i 

s -O, has two pole pieces so spaced that as 

RECORD 
UNIT 

1-REGENERATION 
CONTROL 

TO 
ARITHMETIC 

UNITS 
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last digit of a number is recorded, the first recorded digit reaches 

the playback pole piece, and can be gated back to the record unit. Thus, 

a number once introduced to a transfer channel is rerecorded or regener

ated around the channel. Clearly, any two quantities in storage, re

gardless of their time phase, can with the aid of the A and B transfer 

channels be made available to an arithmetic unit as early as the 

beginning of 4 number time in any cycle. 

A similar C transfer channel regenerates the output of the arithmetic 

unit, in order that computed results may be returned to storage at any 

desired time phase. 

All of the foregoing elementary ideas are to be treated in detail in 

Chapter II. However, enough has so far been said, regarding magnetic 

recording techniques, to proceed with an over-all description of the 

calculator. 
The floor plan, Fig. 1.7, indicates the physical layout of the 

machine. The magnetic drum storage unit is in the rear projection of 

the calculator. Computing and control circuits, consisting of thermi

onic vacuum tubes, electromechanical relays, and associated components, 

are arranged on chassis, Plate IV, and mounted in racks, which stand 

behind the front panel and on both sides of the drum unit. Near the 

center of the front panel is a tape mechanism for reading coded in

structions from magnetic tape to the drum reserved for instructional 

storage, Plate V. At the right are the eight tape read-record mechanisms, 

Plate VI, by means of which numbers are transferred between the internal 

drum storage and external tape storage, as may be required in the solution 

of a problem. At the left are the five independent printer control 

panels, Plate VII, each of which operates one of the typewriters in front 

of the calculator, Plate VIII. Reels of tape containing computed results 

are mounted on the tape reading mechanisms, and manual adjustments are 

made to determine the typography of the printed page. The power required 

to operate the machine is obtained from motor generator sets, controlled 

from the rear of the right wing, Plate IX. The magnetic tapes on which 

both numerical data and instructions are introduced to the calculator 

are prepared on two auxiliary units, the numerical tape preparation 

table, Plate X, and the instructional tape preparation table, Plate XI. 

The internal organization of the calculator will be described with 

the aid of the diagram, Fig. 1.8. The heavy lines indicate four-wire 

busses for the transmission of the four binary components of a decimal 

digit. All the gates are controlled by voltages derived periodically 

from the instructional storage drum. These govern the operation of the 
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ca lcu la tor  by  d i rec t ing  the  f low of  numbers  a long  the  A , B , C  bus  sys tem.  
The  un i t s  shown in  the  d iagram provide  the  fo l lowing  fac i l i t i es :  

1 .  T w e n t y  c h a n n e l s  f o r  t h e  s t o r a g e  o f  200 i n t e r m e d i a t e  r e s u l t s .  

The channels ,  ind ica ted  in  the  upper  r igh t  por t ion  of  the  d iagram,  a re  

iden t i f ied  by  the  l e t te rs  a ,b ,c ,d ,e , f ,g ,h ,p ,q , r , s , t ,u ,v ,w,x ,y ,z ,y .  As
soc ia ted  wi th  the  record  po le  p ieces  on  these  channels  a re  ind iv idua l  

record  un i t s ,  a l l  fed  in  para l le l  by  the  C bus  and  suppl ied  wi th  record  
pulses  by  the  cont ro l  c i rcu i t s ,  accord ing  to  the  coded  ins t ruc t ions .  The  

p l a y b a c k  p o l e  p i e c e s ,  o n  t h e  o t h e r  h a n d ,  h a v e  c o n n e c t i o n s  t o  A  a n d  B  

se lec t ion  ga tes ,  th rough which  s igna ls  a re  de l ivered  to  A and  B playback  
un i t s .  These ,  in  tu rn ,  send  on  the  in format ion ,  ampl i f ied  and  conver ted  

i n t o  a  r e c t a n g u l a r  e n v e l o p e ,  t o  t h e  n u m b e r - t i m e  g a t e s  l e a d i n g  t o  t h e  A  

and  B t ransfer  channels .  Thus  because  the  s igna ls  f rom the  p layback  po le  
p ieces  a re  ga ted  d i rec t ly ,  jus t  two dec imal  (e igh t  b inary)  p layback  un i t s  

a re  requi red  ins tead  of  one  for  each  po le  p iece .  
2 .  O n e  c o n s t a n t  r e g i s t e r  c h a n n e l ,  shown to  the  l e f t  of  channel  a  

in  the  d iagram.  The  t en  numbers  recorded  here  f rom a  manual ly  opera ted  

se t  of  swi tches  a re  genera l ly  increments  of  the  independent  var iab le ,  

check  to le rances ,  and  o ther  parameters .  Regis te rs  on  th i s  channel  a re  
a l so  used  under  manual  cont ro l  to  read  s ta r t ing  va lues  in to  the  s torage  

reg is te rs  of  the  ca lcu la tor  and  to  s tore  va lues  requi red  in  tes t ing .  As  

ind ica ted  in  the  d iagram,  numbers  may be  recorded  in  th i s  channel  on ly  
f r o m  t h e  s w i t c h e s ,  b u t  p l a y b a c k  c o n n e c t i o n s  t o  b o t h  t h e  A  a n d  t h e  B  

busses  a re  provided .  
3 .  F i f t e e n  c o n s t a n t  c h a n n e l s ,  ind ica ted  in  the  upper  l e f t  of  the  

d iagram.  These  channels ,  numbered  1 -15 ,  s to re  150  permanent ly  recorded  

quant i t i es ,  mos t  o f  which  a re  needed  in  the  subrout ines  fo r  the  compu

t a t i o n  o f  t h e  f u n c t i o n s  x  1  ,  x  ,  l o g !  0  x ,  1 0  ,  c o s  x ,  a n d  t a n  x .  
There  a re  no  record  po le  p ieces  on  the  cons tan t  channels  s ince  the  numbers  
were  recorded  dur ing  the  cons t ruc t ion  of  the  ca lcu la tor  and  should  no t  
be  a l te red  in  any  way.  Two p layback  po le  p ieces  on  each  channel  make  

the  cons tan ts  ava i lab le  wi th in  any  cyc le ,  bu t  connec t ions  to  the  5  bus  
on ly  a re  provided .  However ,  a s  wi l l  be  seen  l a te r ,  th i s  in  no  way 

r es t r ic t s  the  coding  for  the  func t ion  subrout ines .  

The  s to rage  channels  thus  fa r  descr ibed  a re  a l l  loca ted  on  two of  the  

e igh t  s to rage  drums.  S ince  these  channels  a re  e lec t ron ica l ly  se lec ted  

for  both  record  and  p layback ,  they  a re  re fe r red  to  as  " fas t"  s torage  

channels ,  hav ing  reg is te rs  access ib le  in  approximate ly  four  mi l l i seconds .  

4.  F o u r  h u n d r e d  c h a n n e l s  f o r  t n t e r p o l a t i o n a l  s t o r a g e ,  indicated 
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at the far right of the diagram. The channels, numbered 0-399, are 
located on six of the storage drums and comprise a bulk storage systes 
having connections to and from fast storage. Each of the 4O00 s torus 
registers on these channels is identified by a four digit number 
0000 < r < 3999. The first three digits of the number P represent the 
channel, and the last, the number time. For example, the register in 
c h a n n e l  K  a t  n u m b e r  t i m e  i  i s  d e s i g n a t e d  b y  t h e  n u m b e r  r  I 0 f c * i .  

Since some of the 400 channels may be used to store tab les  of previ
ously computed functions, selection controls are provided to facilitai 
curvilinear interpolation, through the ninth order. To compensate for 
the relatively slow speed of the relay channel selection circuit used 
here, groups of ten or twenty quantities, on one or two storage channels, 
are always transferred in one operation between this, the "slow" storage 
system, and fast storage. Only one pole piece, which may be used both 
for recording and playback, is provided on each slow storage channel. 
The need for two pole pieces is eliminated since a transfer operation 
always reads from or records into all tPn , ° aA1 len agisters on a selected channel. 
Separate record and playback peie piece, are .1,0 unueceeeer, .ice 
transfer controls cake it impossible to record into end t. ta* 
from a slow storage channel at the same time. 

5. T w o  c h a n n e l s  .  a  a n d  ft fn 
+ f. „ - which numbers in slow storage say be 
transferred. These channels have faQ* • 
there are no provision, for ^ " 

6 .  A  c o n t r o l  r e g i s t e r  S  f n ,  
y channel in fast s+n • * ' PeC transfers either from the y channel in fast storage to slow storage or r™ •, 
and p channels. To initiate a transfer bet " °* 8t0r*** l° ° 
the number, k, of a ,lo» storage channel >l0" "* f"1 

sixteenth, fifteenth, and fourteenth columnar . <,'U,ere<- l" 
via the 0 bus. The algebraic ,i„ essoc, , ' to th# 6 

direction of the transfer, positive for a & "ith * indlcates lhe 

a fast to slow transfer The r T & Sl°W t0 fast' ®*»d negative for 
6,2^ A s t o p 

trigger pairs, operates relavs ' °nslsting of vacuus-tube 
® wnich connect n i 

slow storage channels to record i Pole pieces on selected 
o- .t. or Playback units 
Sj.nce the channel number arrives at nP 

should be obvious that this number & reSister Vi« the 0 bus, i* 
arithmetic unit. For example, if as * result frO" operations in the 
ties stored in slow storage channels& C°mpUtatlon Proceeds, the quanti-
these channels may be chos « »"h 4. -
elementary example of the powerful method adder. This i« 
of the slow storage system. 8 available Tor the manipulation 

When a positive slow storage channel number .» , 
'  '  is  delivered to the 5 
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regis ter ,  for  a  s low to  fas t  t ransfer ,  the  fr th  and ( k  + l ) s t  channels  
are  chosen,  wi th  the  a id  of  odd-even se lec t ion pyramids .  Pole  p ieces  on 
the  se lec ted  channels  a re  connected to  playback uni ts .  These ,  in  turn ,  
de l iver  s ignals  to  record  uni ts  on the  a  and p  channels .  When the  command 
to  t ransfer  i s  given,  record  pulses  are  suppl ied  for  two cycles  to  the  
a  and p  record  uni ts ,  caus ing the  twenty  quant i t ies  f rom channels  k and 
k+1 to  be  recorded in  channels  a  and p ,  respect ively ,  in  corresponding 

number  t imes .  
In  a  fas t  to  s low s torage  t ransfer ,  jus t  ten  quant i t ies ,  f rom the  y  

channel ,  a re  recorded in  s low s torage .  As indica ted  in  the  diagram,  
there  i s  provided on the  y  channel  a  th i rd  playback pole  p iece ,  which 
de l ivers  the  quant i t ies  s tored there ,  v ia  an  associa ted  playback uni t ,  to  
the  s low s torage  record  uni t .  This  wi l l  be  connected to  the  pole  p iece  
on channel  k ,  whenever  a  negat ive  s low s torage  channel  number ,  -k ,  has  
been de l ivered to  the  8 regis ter .  When the  command for  a  t ransfer  i s  
given,  record  pulses  are  suppl ied  for  two cycles ,  caus ing the  ten  quant i 
t ies  in  y^-y 9  to  be  recorded a t  number  t imes  0-9 ,  respect ively ,  in  

c h a n n e l  k .  
One of  the  chief  advantages  of  the  se lec t ion controls  provided for  

s low to  fas t  t ransfers  becomes apparent  when some or  a l l  of  the  channels  
0-399 are  used for  in terpola t ional  s torage .  Let  / (as)  be  a  funct ion 
computed and tabula ted  for  equal  increments  of  the  independent  var iable ,  
success ive  tabular  ent r ies  being recorded in  a  ser ies  of  s low s torage  
regis ters ,  r ,  r  + 1 ,  r  +2,  . . .  .  Then f (x)  can be  reduced to  a  funct ion 
0(r )  of  the  s low s torage  regis ter  number  by a  l inear  t ransformat ion,  

r  =  a x  +  b .  

The whole  process  of  in terpola t ion then depends  on the  se lec t ion of  
appropr ia te  s low s torage  regis ter  numbers .  S ince  in  a  t ransfer  f rom 
s low to  fas t  s torage  the  quant i t ies  on two channels ,  k and k +1,  a re  
a lways  recorded in  the  a  and p channels ,  i t  fol lows tha t  ten  success ive  
values  of  g(r)  for  r  = 10*+<,  lOk + t+1,  . . . ,  lOA + f+9,  a re  a lways  made 
avai lable  in  fas t  s torage ,  regardless  of  the  value  of  t .  This  insures  
a  suff ic ient  number  of  tabular  ent r ies  in  fas t  s torage  to  permit  n in th  
order  in terpola t ion af ter  one s low-to-fas t  t ransfer  opera t ion.  

For  example ,  suppose  tha t  values  of  a  funct ion f ( x )  have been recorded 

in  s low s torage  regis ters  1000 <  r  <  1499,  for  «  = 1 .00,  1 .05,  . . . ,  25.95,  

respect ively .  Then 

r  = 20* + 980.  
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If a ninth order interpolation is to he performed for x = 3.66, then 

r = 1053.20. 

When, in addition, a central-difference formula is to be used, there are 

required in fast storage five tabulated values on each side of the in

terpolation interval, namely, those values of f(x) stored in registers 

1049-1058. Hence delivery of h = +104 to the 8 register insures that 

channels 104 and 105, containing the required values, will be connected 

to playback units. Note that the value of r was diminished by 4 before 

deriving h for this selection. After the transfer, the quantities from 

registers 1049-1058 will be stored in registers ag, P0, ..., pe, 

respectively. They may be chosen for delivery to the arithmetic unit, as 

required by the interpolation formula, with the aid of sensing circuits 

controlling the a and (3 channels. These circuits, mentioned briefly 

under item 12 of this chapter, are described in detail in Chapter III. 

7. Three transfer channels, A, B, C, indicated in the center of 

Fig. 1.8 and previously described. Numbers on these channels may be 

delivered under manual control to a set of lights at the top of the main 

control panel. For example, Plate XII shows the number, 0909-•-0909, as 

it appears to the operator. This visual transcription of quantities on 

the transfer channels, in combination with the manual controls for oper

ating the calculator, is of great assistance in testing, in checking, 

and in tracing sources of error. 

8. One s ixte en-di g i t serial adder. To add two positive quantities 

in the calculator, augend and addend are first selected from storage and 

regenerated on the A and B transfer channels. During blank number time 

of the following cycle, the numbers are added serially in digit pairs, 

and the sum is recorded on the C transfer channel. It should be noted 

that the adder is also used for subtraction, by adding the nine's comple

ments of negative numbers. Therefore, a sum computed during blank number 

time is always delivered to the adder again, during 0 number time, in 

order to pick up the end-around carry, if any, resulting from the use of 
nine's complements. 

When an augend and addend are selected from storage in cycle n, their 

sum is not available until the end of 0 number time, relative to a 

playbackpole piece, in cycle n+1. However, the sum may still be returned 

to storage in the 0 (or any other) time phase, due to the displacement 

of one number time between record and playback pole pieces. Thus the 

time required for one addition, including the selection of augend and 
addend, is one cycle. 
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A computed resul t  which i s  returned to  s torage during cycle  n+1 cannot  
be played back from s torage unt i l  cycle  n+2.  Therefore ,  provis ions are  
made,  under  control  of  the a  command,  for  del iver ing a  quant i ty  from 
the C t ransfer  channel  direct ly  to  the A t ransfer  channel ,  bypassing fas t  
s torage when desired.  Further  ar i thmetic  operat ions may then be per
formed immediately on a  computed resul t ,  insuring that  n quant i t ies  may 
be accumulated to  form a  s ingle  sum in  n cycles .  

9 .  S i g n  c o n t r o l  c i r c u i t s ,  consis t ing of  vacuum-tube t r igger  pairs  
associated with the A and B t ransfer  channels .  When a  quant i ty  is  
recorded on the A (or  B) t ransfer  channel ,  i t s  algebraic  s ign,  s tored 
a s  a  0  o r  9  i n  t h e  s e v e n t e e n t h  c o l u m n a r  p o s i t i o n ,  i s  c o m b i n e d  i n  t h e  A  
(or  B) sign s torage uni t  with a  " t ransfer"  s ign,  +,  - ,  + |  | ,  or  -  |  j .  
The t ransfer  s igns,  which are  par t  of  each coded instruct ion,  permit  
the  inversion of  a lgebraic  s igns and the imposi t ion of  posi t ive and 
negat ive absolute  value s igns on quant i t ies  selected from storage.  As 
wi l l  be seen la ter ,  the preparat ion table  for  instruct ional  tapes  auto
matical ly  records a  subtract ion as  the addi t ion of  a  negat ive number,  and 
inverts  the B t ransfer  s ign.  For  example,  

x 6  ~  y  3  =  

is  recorded in  the equivalent  form,  

x 6  +  ( - i / 3 )  =  d / , -

The provis ions for  subtract ion and the addi t ion of  negat ive numbers  
include gates ,  control led by the A and B sign s torage uni ts ,  for  the 
direct  and inverted t ransmission of  quant i t ies  from the A and B t ransfer  
channels  to  the adder .  Thus,  a  posi t ive s ign causes  a  number to  be read 
direct ly  to  the adder ,  while  for  a  negat ive s ign the binary digi ts  are  
inverted,  causing nine 's  complements  to  arr ive a t  the adder .  

Because of  the  representat ion chosen for  the a lgebraic  s ign,  the s ign 
of  the  sum i s  equal  to  the sum of  the  s igns of  the  augend and addend,  
plus  the end-around carry.  The sum s ign controls  gates  (not  indicated 
in  Fig.  1 .8)  for  the direct  or  inverted t ransmission of  sums coming from 
the adder  to  the C t ransfer  channel  during 0 number t ime.  This  insures  
that  a  negat ive sum wil l  be inverted from nine 's  complements  to  the usual  
form,  the posi t ive absolute  magnitude fol lowed by an a lgebraic  s ign.  The 
sum s ign is  then recorded in  the seventeenth columnar  posi t ion with the 
sum digi ts  on the C t ransfer  channel .  

10.  O n e  m u l t i p l i c a t i o n  u n i t ,  which computes  the thir ty- two digi t  
product  of  any two quant i t ies  s tored in  the calculator .  Three cycles  of  
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machine time are required for one multiplication, including the selection 

of quantities from storage. Multiplication is serial, all digits of 

the multiplicand being multiplied in succession by each of the multiplier 

digits. The product of each digit pair, consisting of two decimal 

digits, is divided into right- and left-hand components, which are 

combined, after proper delays, in two adders, the regular unit used for 

addition and an identical supplementary one. The product is recorded in 

storage channels having a total of seven playback pole pieces, associated 

with the seven possible decimal point locations. The manual selection 

of an operating decimal point provides a relay connection to one of these 

pole pieces, in order that the product may always be played back at the 

operating decimal point and recorded on the C transfer channel. Since 

the decimal point in a product lies between columns 2n and 2n+l for an 

operating decimal point between columns n and n +1, the digits played 

back through the various pole pieces are n+1, n+2, ..., n+16, for 

a = 16, 15, 14, 12, 11, 9, or 0, as dictated by the manual setting of 

the decimal point. 
Three of the pole pieces can also be selected electronically, by a 

coded instruction, making three groups of product digits available re

gardless of the operating decimal point. One group contains product 

digits 31-16, that is, the product for an operating decimal point between 

columns 16 and 15. Thus it is possible to carry on subsidiary compu

tations at this decimal point, as is done in the computation of the 

elementary functions, no matter where the operating decimal point may be. 

The other available groups of product digits are the high- and low-

order digits, 32-17 and 16-1, respectively. Their inclusion makes it 

possible to use the calculator for double-accuracy work.with quantities 

of thirty-two digits. The high- and low-order digits constituting one 

quantity are then recorded in two registers on the same channel. When 

• v , * , Mir,ta are stored at number time 0, 1, 2, 3, or 4, then the low-order digits are sioieu a 
number time 5. 6, 7, 8, or 9, respectively, is reserved for the sixteen 

blah-order diEits. A double-accuracy addition requires four cycles of 
n cnorial instructions, which are supplied auto-

machine time, as well as specia 
linn table for instructional tapes. On the other 

matically by the preparation table 10 
e ^ • r.„f»t i ons for a double-accuracy multiplication, 

hand, the program of instructi n 
e ^teen-digit multiplications as well as several 

consisting of our si supplied by the mathematician, 
addition, and shiftin* operations ." * " , 

a multiplication the^produc^t ^ ̂  ̂ ̂  # 

value. The proper a g< seventeenth columnar position on 
sign storage units, is supplied in m 

the C transfer channel. 
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11. A circuit for sign choice. The sign determined for a product 

may also be associated with the quantity on the B transfer channel, 

causing the sign of that quantity to be inverted when the A sign is 

negative. This selective operation is indicated by the symbol © on 

the keyboard of the preparation table for instructional tapes, and has a 

number of important uses. For example, in rounding off a quantity to n 

places of accuracy, the choice circuit may be used to determine the sign 

of the correction, 5 x 10 (n ', accordingly as the quantity to be rounded 

is positive or negative. 

12. A sensing circuit called the i register, which is used in the 

selection of fast storage registers and in shifting operations. Instead 

of specifying a number time 0-9 for the selection of a storage register 

on a given channel, the coded instructions may demand that a number time 

be chosen corresponding to the value of a digit previously computed and 

stored in the i register. The time phase selected by this method is 

referred to as the i number time. For example, if the digit 6 has been 

delivered to the i register, then xf represents the register on channel x 

at number time 6. These facilities increase the flexibility of the 

coding, since the digit i is delivered over the C transfer channel and 

may be subjected to arithmetic operations as a computation proceeds. 

The digit i must be computed in the thirteenth columnar position. 

When a quantity is delivered from the C transfer channel to the i regis

ter, vacuum-tube trigger pairs store not only the thirteenth digit but 

also the algebraic sign and the 1 component, in the 2*,4,2,1 notation, 

of the fourteenth digit as well. However, the selection of the i number 

time depends only on the thirteenth digit, the remaining information 
being used in the following applications. 

After a transfer from slow to fast storage, the i register may be 

used in selecting values from the a and p channels. In this case, 

instead of specifying the channel, a or p, and the number time, 0-9, the 

coded instruction demands that from the twenty registers, a'-p , that 

quantity be chosen which has the slow storage register number,°r,'previ

ously delivered to the i register. The last digit of r, in the' thirteenth 

columnar position, controls the number time selection, while the 1 

component of the digit in the fourteenth columnar position indicates 

whether the ftth or (ft + l)st channel, corresponding to a or p, respective
ly, contains the desired quantity. 

For example, suppose that after channels 104 and 105 have been 

transferred to fast storage, the quantities from registers 1049-1058 are 

required in succession for a ninth order interpolation. When r = 1049 
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has  been de l ivered to  the  i regis ter ,  the  quant i ty  on channel  a  a t  number  
t ime 9  wi l l  be  se lec ted ,  the  c i rcui ts  previously  descr ibed having a l ready 
insured tha t  th is  i s  the  quant i ty  f rom s low s torage  regis ter  1049.  When 
r  i s  increased by 1  and del ivered to  the  i  regis ter  again ,  then the  
quant i ty  on channel  (3 a t  number  t ime 0 ,  previously  t ransferred  from s low 
s torage  regis ter  1050,  i s  made avai lable ;  and so  on.  Thus  the  whole  
process  of  se lec t ion f rom s low s torage  may be  made to  res t  upon the  
computat ion of  control  numbers  to  be  del ivered to  the  8  and i  regis ters .  

A sh i f t ing  opera t ion i s  accompl ished through a  mul t ip l ica t ion by a  
power  of  ten ,  se lec ted  under  control  of  the  s ign and d ig i ts  s tored in  the  
i  regis ter .  The number  of  columns to  be  sh i f ted ,  s  = 0 ,1 , . . . ,15,  must  
be  de l ivered to  th is  regis ter  in  the  four teenth  and th i r teenth  columnar  
pos i t ions .  The a lgebra ic  s ign of  s  determines  the  d i rec t ion of  the  
shi f t ,  pos i t ive  or  negat ive  indicat ing a  sh i f t  to  the  lef t  or  r ight ,  
respect ively .  Al though one sh i f t  requires  a  ser ies  of  coded ins t ruct ions  
us ing f ive  cycles  of  machine  t ime,  th is  f ive-cycle  subsequence of  in
s t ruct ions  i s  recorded automat ica l ly  by the  prepara t ion table  for  
i n s t r u c t i o n a l  t a p e s .  F o r  e x a m p l e ,  t h e  o r d e r ,  " a 3  s h i f t e d  b y  c 4  =  b 5 , "  
suppl ies  a l l  the  coding necessary  to  shi f t  the  quant i ty  s tored in  a 3  by 
a  previously  computed number  of  columns,  represented by the  quant i ty  

s tored in  c u ,  and to  record  the  resul t  in  i> 5 .  
13 .  N o r m a l i z i n g  c i r c u i t s ,  to  sh i f t  any quant i ty  s tored in  the  

ca lcula tor  to  the  le f t  unt i l  the  f i rs t  non-zero  d ig i t  i s  in  the  s ix teenth  
MllBP posi t ion .  A quant i ty  to  be  normal ized i s  f i rs t  del ivered f rom 
the  Btransfer  channel  to  on e lec t ronic  count ing c i rcui t ,  to  determine 
the  amount  of  sh i f t  necessary .  The output  of  the  count ing c i rcui t  i s  
then used to  in i t ia te  a  sh i f t  to  the  le f t ,  by means  of  the  sh i f t  c i rcui t  
a l ready descr ibed.  The s in-cycle  subsequence of  coded ins t ruct ions  
required  for  a  normal iza t ion i s  suppl ied  automat ica l ly  by the  prepa-
re t lon table  for  ins t ruct ional  tapes .  For  example ,  the  order ,  "normal ize  
d ,  -  a .  "  suppl ies  a l l  the  ins t ruct ions  necessary  to  normal ize  the  

•  mpoul t  in  a , .  Normal iza t ion may be  used quant i ty  in  d 7  and s tore  the  resun 3 
, H f l  range of  va lues  i s  to  be  recorded on tape  

when a  funct ion having a  wide  rang 
cmnowed bv a  decimal  f rac t ion,  together  wi th  

a n d  p r i n t e d  a s  a n  i n t e g e r  f o l i o  
an associa ted  po.er  of  ten .  The amount  of shi f t  required  in  th  norma i -
zation,  combined - i th  a  constant  dependent  upon the  posi t ion  of  the  

opera t ing decimal  point ,  suppl ies  the  required  exponent .  
n u t r i t i o n  o f  t h e  e l e m e n t a r y  f u n c t i o n s  x  ,  

- ,  / 2  1 4 "  x  " tan" 1  x.  Included in  the  ca lcula tor  for  th is  
X * .  log, 0  x,  .0  ,  ~ .M.  to o o n s t a n t B ,  an associa ted  se lec t ive  
purpose  a re  121 permanent ly  rec  



32 ORGANIZATION OF THE CALCULATOR 

sensing register, and a computing routine for each function. The 

constants consist of such quantities as rr/2, log, 0 e, and truncated power 

series coefficients, selected under code control, together with first 

approximations for iterative routines and similar data which may be 

selected under control of the sensing register. The computing routines 

for the functions have been recorded in one section of the instructional 

storage drum, making it possible to evaluate a function by referring to 

a group of previously recorded instructions, without repeating the 

functional coding. When one of the functions is selected on the prepa

ration table for instructional tapes, the necessary commands are supplied 

to refer to the associated computing routine. For instance, to carry 

out the order, "log e3 = /?," the calculator is instructed to refer to 

the logarithm routine, using the quantity in e3 as argument, to record 

the computed value of the logarithm in /7, and to refer back to the main 
sequence of instructions. 

The function x 1 is included in order to eliminate the need for special 

division circuits. Thus, any order using the division sign, -s-, on the 

keyboard of the instructional tape preparation table refers the calcu

lator to a quotient computing routine, which computes the function x"1 

for the divisor, and multiplies the result by the dividend. 

The functions are computed to fifteen decimal places of accuracy. 

Considerable effort was expended to insure that the routines adopted be 

economical as well, in regard to the number of additions and multipli

cations required and the number of associated constants to be stored. 

Chapter V describes in detail the theoretical basis of the computation 

of the functions, including examples of coded function routines. 

15. Check circuits. Two kinds of checking facilities are provided 

in the calculator. Mathematical checks on the computation may be made 

by subtracting from a predetermined positive tolerance the absolute 

value of a comparison quantity, such as the difference between two 

independently computed values of the same function. When the resultant 

check quantity is delivered via the <7 bus to a check-stop register the 

calculator is stopped and an indicator lamp is lighted if and only if 

the sign of the check quantity is negative. Otherwise the calculator 
continues in operation. 

It is also possible to deliver the quantities on the A and B transfer 

channels to an identity check circuit, for comparison of the signs and 

digits in corresponding columnar positions. The calculator is stopped 

and an indicator lamp is lighted if any two corresponding digits are 

not identical. This operation is used, for example, to insure that a 
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quant i ty  s to red  in  one  reg is te r  has  been  cor rec t ly  t ransfer red  in to  a  
second reg is te r .  

16 .  E i g h t  t a p e  r e a d - r e c o r d  m e c h a n i s m s ,  and  assoc ia ted  cont ro ls  

for  t ransfer r ing  numbers  be tween  the  ex te rna l  tape  s torage  and  in te rna l  

drum s to rage .  Each  mechanism may be  used  fo r  e i ther  read ing  or  record ing ,  
but  manual  ad jus tments  fo r  one  opera t ion  or  the  o ther  must  be  made  a t  
the  ou tse t  o f  each  problem.  Twenty- f ive  cyc les ,  o r  approximate ly  
0 .1  second ,  a re  requi red  to  read  or  record  one  quant i ty  on  t ape .  Dur ing  
th i s  t ime  the  ca lcu la tor  may be  used  for  any  opera t ions  not  concerned  

wi th  the  tape  read- record  sys tem.  As  one  se t  of  e lec t ron ic  equipment  

se rves  a l l  e igh t  mechanisms ,  on ly  one  mechanism may be  used  a t  a  t ime .  
The  t ape  used  in  the  ca lcu la tor ,  fo r  the  input  of  ins t ruc t ions  as  

wel l  a s  fo f  numer ica l  input  and  ou tput ,  i s  made  of  paper ,  5 /8  inch  wide ,  
and  coa ted  wi th  a  l ayer  of  magnet ic  ox ides .  Pole  p ieces ,  having  the  
same l amina ted  cons t ruc t ion  as  those  used  wi th  the  s torage  drums,  p rovide  

a  means  o f  read ing  f rom and  record ing  on  the  tape  as  i t  moves  pas t  the  
pole  p iece  t ips .  The  gap  requi red  be tween  the  magnet ic  medium and  the  
scanning  dev ices  in  drum record ing  can  be  e l imina ted  in  tape  record ing ,  
s ince  d i rec t  contac t  be tween  the  pole  p iece  t ips  and  the  tape  does  no t  
cause  undue  wear .  Hence ,  i t  i s  poss ib le  to  record  magnet ic  d ipo les  wi th  

a  dens i ty  of  f i f ty  per  inch  on  the  tape .  Each  of  the  tape-handl ing  

uni t s  assoc ia ted  wi th  the  ca lcu la tor  i s  equipped  wi th  four  po le  p ieces ,  
which  a re  mounted  on  the  s tepped  lands  of  a  b lock ,  permi t t ing  each  pole  
p iece  to  read  o r  record  d ipo les  in  one  of  four  para l le l  t ape  channels ,  

approximate ly  l /8  inch  apar t .  Of  the  four  channels ,  A,B,C,D,  two,  
namely  C and  D,  are  reserved  for  se r ies  of  regular  t iming  pulses  which  

serve  the  same func t ion  as  sprocke t  ho les  in  per fora ted  paper  t apes ,  
w h i l e  t h e  i n f o r m a t i o n  i s  r e c o r d e d  a s  b i n a r y  d i g i t s  0  a n d  1  i n  c h a n n e l s  A  

and  B x  A ree l  of  magnet ic  t ape  may be  e rased  and  reused  a  grea t  number  

of  t imes ,  the  l imi t ing  fac tor  be ing  the  care  wi th  which  the  tape  i s  

handled .  
On numer ica l  t spes ,  the  tuen ty  dec imal  o r  e igh ty  b inary  d ig i t s  assoc i 

a ted  nth one  quant i ty  In  the  ca lcu la tor  a re  recorded  se r ia l ly ,  in  both  
the  A and  B channels .  For  check  purposes ,  cor responding  d ig i t s  in  

A+rrM out  of  phase .  Numer ica l  t apes  may be  channels  A and  B are  one  d ig i t  out ,  o i  p  
av-  l n i ia tnr  in  the  course  of  a  computa t ion ,  o r  by  prepared  e i ther  by  the  ca lcu la tor ,  in  

dcoi  tone  prepara t ion  tab le .  The  keyboard  
an  opera tor  us ing  the  numer ica l  t ape  prep*  

•  an  a r ray  of  swi tches ,  fo r  the  reg is -
of  the  t ab le ,  P la te  IX,  conta ins  an  a r ray  > 

+  on  Hie- i t s  o f  each  quant i ty .  An ind ica tor  
t ra t ion  of  the  s ign  and  s ix teen  d ig i t s  o i  ,  

o tmnl  i ed  in  each  co lumn,  and ,  as  a  
lamp l 8  l igh ted  i f  a  d ig i t  i s  not  suppl ied  
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second check,  each quanti ty must  be registered twice in the keyboard.  
I f  the same s ign and digi ts  were indicated both t imes,  the number is  
del ivered to a  tape record unit  and recorded in the A and B  channels ,  
t iming pulses being recorded in the C and D channels  a t  the same t ime.  

Since reading and recording operat ions involve the t ransfer  of infor
mation from comparat ively slow-moving tape to a rapidly rotat ing drum, or  
vice versa,  an intermediate s torage is  provided in the form of two binary 
drum channels ,  indicated at  the lef t  of  Fig.  1.8.  In contrast  to the 
usual  drum storage,  where the 2*,4,2,1 components of  each decimal digi t  
are recorded in four paral lel  channels ,  the eighty binary digi ts  of one 
quanti ty are here stored and regenerated serial ly on both channels ,  a l l  
the 2* components,  fol lowed by a l l  the 4,  the 2,  and the 1 components in 
that  order.  

In order to read one quanti ty from tape into fast  s torage,  the calcu
lator  f i rs t  selects  one of  the tape read-record mechanisms previously 
adjusted for  reading,  to provide connections between the pole pieces in 
t h i s  m e c h a n i s m  a n d  p l a y b a c k  u n i t s .  T h e  d i g i t s  p l a y e d  b a c k  f r o m  t h e  A  

and B tape channels  are recorded and regenerated on the intermediate 
s torage channels ,  the A  digits  going to one channel ,  and the B digits  
to the other .  Four playback pole pieces on each of  the intermediate 
s torage channels  make i t  possible to t ransfer  the digi ts  original ly 
derived from the A and B tape channels ,  respectively,  to the four-wire 
busses leading to the A and B t ransfer  channels .  The two sets  of diei ts  
may then be compared before the quanti ty is  used in a computat ion.  

A quanti ty to be recorded on tape is  del ivered via the C  bus to both 
of  the intermediate s torage channels ,  and once recorded,  is  regenerated.  
After  the t ransfer  of  the quanti ty has been checked,  the digi ts  from 
the two channels  are del ivered serial ly to two tape record units  con
nected to pole pieces on the selected tape read-record mechanism. Timing 
pulses are recorded in the C and D tape channels  while the digi ts  are 
recorded in channels  A and B ,  a check being maintained between corres-
ponding A and B digits  during recording to insure an accurate output .  

17.  F i v e  p r i n t e r s ,  for  presenting computed results  in a  form suitable 
for  publicat ion.  Since each printer  is  a separate unit ,  consist ing of 
an electr ic  typewriter  control led from one of  the panels  at  the lef t  
front  of  the calculator ,  as  many as  f ive reels  of  tape may be printed 
simultaneously.  Each typewriter  requires approximately 3.5 seconds to 
print  one sixteen digi t  quanti ty.  Each printer  control  panel  is  equipped 
with a  tape-reading mechanism, together with plugs and switches which de
termine the number of  digi ts  to be printed,  the intercolumnar and interl inear  
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spacing,  and other  i tems re lated to  
the typography of  the  printed page.  
Digi ts  are  played back from the A and 
B tape channels  and s tored in  relays ,  
which are  scanned by a  rotary step 
switch in  order to  supply e lectr ical  
impulses  to  solenoids  under the  type
writer  keys .  The type bars  control led 
by the  so lenoids  operate  contacts  
which provide a  means of  comparing 
each A digi t ,  as  i t  i s  printed,  with 
the corresponding digi t  derived from 
the B channel .  This  checks  not  only  
that  each digi t  i s  printed but  a lso  
that  i t  i s  the  same on both tape 
channels ,  to  insure complete ly  re l iable  
results .  

18 .  S e q u e n c i n g  a n d  c o n t r o l  

equ ipment ,  for  preparing,  s toring,  and 
del ivering to  the  calculator  the  coded 
instruct ions  necessary for  i t s  oper
at ion.  In the  calculator  each coded 
instruct ion governing one cycle  
consists  of  thirty-e ight  binary 
digi ts ,  indicat ing the  s torage regis
ters  to  be se lected and the  ari thmetic  
operat ion to  be performed.  The a l lo
cat ion of  the  d ig i ts  i s  shown in  
Table  1 .2 .  In addit ion to  the  digi ts  
0-9 ,  the  coded instruct ions  make use  
o f  t h e  c o m b i n a t i o n s  i n  t h e  2 * , 4 , 2 , 1  

notat ion which do not  represent  decimal  
digi ts .  These  combinat ions ,  l i s ted 
in Table  1 .3 ,  are  referred to  as  
starred d igi ts ,  the  digi t  values  being 
a ss iened in  accordance with the  
"eights  in  the  four columns,  and the  
asterisk serving to  dist inguish them 
from the  standard decimal  digi i - s -

The binary digi ts  const i tut ing one 

TABLE 1. 2 

Allocation of sequence digits 

Digit Weight Use 

1 1 A  transfer 
2 2 sign 

3 1 ten's digit 
4 2 A  channel 

5 1 unit's digit 
6 2 A  channel 
7 4 
8 2 *  

9 1 A  number 
10 2 time 
11 4 
12 2 *  

13 1 Operation 
14 2 
15 4 
16 2 *  

17 1 B  transfer 
18 2 sign 

19 1 ten's digit 
20 2 B  channel 

21 1 unit's digit 
22 2 B  channel 
23 4 
24 2 *  

25 1 B  number 
26 2 time 
27 4 
28 2 *  

29 1 ten's digit 
30 2 C  channel 

31 1 unit's digit 
32 2 C  channel 
33 4 
34 2 *  

35 1 C  number 

36 2 time 
37 4 
38 2* 
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TABLE 1 .3 

Non-decimal digits 
2*, 4,2,1 notation 

2* 4 2 1 

2* 1 0 0 0 
3* 1 0 0 1 
4* 1 0 1 0 
5* 0 1 0 1 
6* 0 1 1 0 
7* 0 1 1 1 

command are stored in thirty-eight parallel channels on the instructional 

storage drum. With a drum circumference of fifty inches and a density 

of twenty binary digits per inch, 1000 digits may be recorded around 

the periphery in one channel. Four parallel channels, Fig. 1.8, each 

containing thirty-eight binary channels and thirty-eight record-or-playback 

pole pieces, provide a capacity of 4000 in

structions. The location of each instruction on 

the drum may then be indicated by a four-digit 

line number, 0000-3999, in which the first digit 

refers to one of the four parallel channels, 

while the last three specify the time phase. To 

aid in the selection of instructional storage 

locations, for either record or playback oper

ations, serial numbers 000-999 have been perma

nently recorded around the drum periphery. The 

numbers are played back through associated pole 

pieces to indicate the last three digits of the 

line number. 

The instructions required for a computation are most efficiently 

recorded on the drum from an input tape prepared on the instructional 

tape preparation table. The keyboard of this table, Fig. 1.9, is so 

arranged that instructions may be registered there as mathematical oper

ations rather than as numerical codes. 

All the orders previously mentioned 

in this chapter can be registered by 

depressing keys in the various sections 

of the keyboard, in a manner which 

should be obvious from inspection of 

Fig. 1.9. 

The preparation table automatically 

records on the tape the one or more 

coded commands needed in the calculator 

to carry out each order registered in 

the keyboard. The keys at the upper 

left provide for recording the line 

numbers, 0000-3999, to indicate where 

each instruction is to be stored on the 

drum. In all, sixty-four binary digits 

are associated with each command on the 

tape: twelve blankdigits, thirty-eight 

TABLE 1. 4 

Allocation of line number digits 

Digit Weight Line Number 

39 1 thousand's 
40 2 digit 

41 1 hundred's 
42 2 digit 
43 4 
44 2* 

45 1 ten's digit 
46 2 

47 4 

48 2* 

49 1 unit's 
50 2 digit 
51 4 

52 2* 
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for the coded command, and fourteen allocated as shown in Table 1.4, for 

the line number. This information is not recorded in duplicate but 

divided between the A and B channels previously described for numerical 

tapes, timing pulses being recorded in the C and D channels at the same 

time. A tape prepared on the instructional tape preparation table may be 

played back there, one command and line number at a time, and checked 

by registering each order again in the keyboard. Commands and line 

numbers may also be printed, during either recording or playback, by an 

associated typewriter. Should an error be discovered in checking the 

tape, the line number and corrected instruction may be recorded at the 

end of the tape. Then in transferring the information to the instructional 

storage drum, the last information recorded on the line in question will 

be correct. The order of the commands on the tape is of no consequence, 

provided the line numbers are properly indicated. 

To transfer the coded instructions from tape to the instructional 

storage drum, the information is played back from tape through the 

mechanism near the center of the front panel, and stored in relays, 

Fig. 1.8. The line number is delivered to a matching circuit, which 

provides a relay connection to one of the four drum channels, depending 

on the first digit of the line number, and compares the last three digits 

with the serial numbers played back from the drum. When a match is 

obtained, indicating that the time phase corresponds to the stored line 

number, a cycling pulse is supplied, causing the command stored in the 

code storage relays to be recorded. 

In normal operation, a cycling pulse is supplied every four milli

seconds, to read one command after another, in sequence, from the play

back units associated with the instructional storage drum to trigger 

pair storage and the control circuits. Since the cycling pulse may be 

supplied at any desired time, it becomes possible to jump from the main 

sequence of commands to a subsidiary sequence, with the aid of the 

matching circuit and an electronic register for line numbers. 

For example, to refer to the quotient computing routine, a command 

is given to call line 3000, where this routine begins. The regular 

cycling pulse delivered to the playback units is stopped while the number 

3000 is delivered from the control circuits to the line number register, 

by connections indicated in Fig. 1.8. The number, 3000, is then supplied 

to the matching circuit, and as soon as a match is obtained, the cycling 

pulse is restored, causing the command recorded on line 3000 to be played 

back and delivered to the control circuits. The calculator then performs 

the sequence of commands starting with line 3000. 
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Numbers  may a lso  be  del ivered to  the  l ine  number  regis ter  v ia  the  C 
« 

bus ,  by connect ions  indicated  in  Fig .  1 .8 .  In  th is  case  the  l ine  number  
must  be  in  the  s ix teenth ,  f i f teenth ,  four teenth  and th i r teenth  columnar  
pos i t ions .  Then ins tead of  ca l l ing  a  speci f ic  l ine  number ,  the  ca lcu
la tor  may be  refer red  to  the  command having the  l ine  number  previously  
s tored in  the  l ine  number  regis ter .  This  technique may be  used,  for  
example ,  to  re turn  to  the  main  sequence of  commands a t  the  end of  a  
subsidiary  sequence.  

The commands to  ca l l  e i ther  a  speci f ic  l ine  of  coding or  the  l ine  
having the  number  s tored in  the  l ine  number  regis ter  may be  made con
di t ional ,  depending on the  a lgebra ic  s ign of  a  control  number  previously  
del ivered v ia  the  C  bus  to  a  condi t ional  ca l l  regis ter .  A pos i t ive  s ign 
s tored there  wi l l  cause  the  condi t ional  ca l l  to  be  successful ,  refer r ing 
the  ca lcula tor  to  the  command indica ted .  A negat ive  s ign,  indicat ing 
that  the  ca l l  wi l l  fa i l ,  refers  the  ca lcula tor  to  the  next  command in  

the  sequence.  
Provis ion i s  made on the  ins t ruct ional  tape  prepara t ion table  to  

in t roduce to  the  C  bus  of  the  ca lcula tor  a  numerica l  quant i ty ,  0000-3999,  
in  the  s ix teenth ,  f i f teenth ,  four teenth  and th i r teenth  columnar  pos i t ions .  
Using the  swi tches  in  the  lower  le f t  corner  of  the  keyboard ,  F ig .  1 .9 ,  a  
command may be  g iven for  an external  t ransfer ,  X T ,  of  the  d ig i ts  des i red .  
For  example ,  the  order ,  n X T  2316 = a  3 , "  wi l l  cause  the  quant i ty ,  
2316 0000 0000 0000,  to  be  recorded in  regis ter  a 3 .  Since  the  range 
and columnar  pos i t ions  of  quant i t ies  so  in t roduced correspond to  the  
range and columnar  pos i t ions  of  the  control  numbers  used in  the  ca lcu
la tor ,  th is  command i s  useful  for  the  manipula t ion of  control  numbers ,  as  

wel l  as  for  a  l imi ted  input  of  numerica l  da ta .  
To increase  the  ease  and ef f ic iency of  opera t ion,  a  var ie ty  of  manual  

controls  and indicator  l ights  are  provided on the  f ront  panel ,  P la te  XII .  
At  the  r ight  i s  a  se t  of  swi tches  for  the  regis t ra t ion  of  a  s ingle  coded 
ins t ruct ion,  to  be  recorded under  manual  control  a t  any speci f ied  l ine  
on the  ins t ruct ional  s torage  drum.  I t  i s  a lso  poss ib le  to  del iver  a  
command f rom the  f ront  panel  d i rec t ly  to  the  control  c i rcui ts ,  caus ing 
the  ca lcula tor  to  opera te  wi thout  reference  to  the  ins t ruct ional  s torage  
drum.  For  check purposes ,  one  command a t  a  t ime may be  inspected  in  
l ights ,  the  command be ing del ivered e i ther  f rom the  input  tape  or  the  
drum.  A se t  of  l ights  i s  a lso  provided for  the  inspect ion of  l ine  numbers .  

To complete  the  genera l  descr ip t ion of  the  ca lcula tor ,  i t  remains  only  
to  descr ibe  the  s tar t  and s top controls .  The l ine  number  of  the  in
s t ruct ion wi th  which the  opera tor  wishes  to  s tar t  may be  indicated  in  a  
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regis ter  provided for  this  purpose on the f ront  panel .  Pushbut ton 
controls  make i t  possible  to  s tar t  e i ther  on the specif ied l ine or ,  af ter  
a  s top in  the course of  a  computat ion,  on the next  l ine  in  the sequence.  
The calculator  may be operated one l ine at  a  t ime as  wel l  as  cont inu
ously,  s tar t ing with e i ther  a  specif ied l ine or  the next  l ine in  the 
sequence.  A regis ter  i s  also suppl ied for  specifying the number of  the 
l ine on which the calculator  i s  to  s top.  Then,  provided that  a  toggle  
control  switch has  been thrown,  the  calculator  wil l  s top when i t  reaches 
the specif ied l ine.  The calculator  may be s topped manual ly  a t  any t ime 
by depressing a  pushbut ton,  and wil l  s top automatical ly  i f  an alarm is  
sounded.  One of  several  indicator  lamps i s  then l ighted,  depending on 
which of  the fol lowing condi t ions has  occurred:  

1 .  Tolerance-check fa i lure ,  
2 .  Ident i ty-check fa i lure ,  
3 .  Check fa i lure  in  the tape read-record system, 
4 .  Insuff ic ient  tape in  a  tape read-record mechanism,  
5 .  Reset  fa i lure  in  the tape read-record system, 
6 .  An addi t ion which exceeds the machine capaci ty ,  
7 .  Low o i l  pressure in  the gear  box,  or  overheated drum bear ings.  

Of these,  the las t  i s  regarded as  an emergency,  and causes  the main drum 
dr ive motor ,  the  instruct ional  s torage drum dr ive motor ,  and the power 
supply which controls  drum recording to  be shut  off ,  to  prevent  damage to  
the machine.  

The general  descr ipt ion of  the  calculator  given in  this  chapter ,  
together  with the detai ls  of  coding procedures ,  Chapter  VIII ,  and the 
typical  examples ,  Chapter  X,  provides  the information necessary to  use•  
the calculator  in  the solut ion of  problems.  The remaining chapters  supply 
the technical  detai ls  required for  the maintenance and improvement  of  the 
machine.  



CHAPTER II 

BASIC CIRCUITS 

Early in the design of the calculator, it was decided to use plug-in 

components to simplify the building and maintenance of the machine. The 

standard chassis provided to accomodate such components is shown in 

Plates IV, XIII, and XIV. Connections between sockets, and from sockets 

to filament transformers, are permanently wired on the underside of the 

chassis, Plate XIII. Connections between chassis are made with cables, 

Plate XV, plugged to jacks along the edges of the chassis. 

Circuits consisting of resistors, condensers, inductors, and crystal 

rectifiers are mounted on standard eight-pin bases, Plate XVI, which fit 

the chassis sockets. An aluminum cover is spun onto each base, and 

grounded by a connection to one of the base pins. To distinguish between 

the seventy or more different circuits provided in such component con

tainers, the covers are painted in different color combinations. 

In addition to the component containers and thermionic vacuum tubes, 

many of the electromagnetic relays used in the calculator plug into the 

chassis sockets. These relays are of the small telephone type, enclosed 

in metal containers with connections brought out to the pins of standard 

octal-type bases. The following contact configurations are provided: 

single-pole single-throw, single-pole double-throw, and double-pole 

double-throw. 
The remaining relays fit special sockets, flush-mounted on panels of 

the machine, as shown in Plate XXV. These relays have six double-throw 

contacts each, and are of two types, single coil and double coil, dis

tinguished by red and green molded bakelite frames, respectively. They 

are identical with those used in the Mark II Calculator1 . 

The machine contains approximately 4500 thermionic vacuum tubes, of 

seven standard classifications: 

1. Type 6AG7, a power output pentode, used chiefly as a cathode 

follower, and also to record on magnetic tape or to operate indicator 

lamps. 
2. Type 6L6, a beam power amplifier, used to operate rotary step 

switches or to record on the magnetic drums. 
3. Type 6V6, a beam power amplifier, used to operate the six-

contact relays. 
4. Type 403B, a miniature pentode, used as a Class A amplifier. 

5. Type 6AS6, a miniature voltage amplifier pentode, in which the 
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Plate XIV Racks of Chassis 
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control  and suppressor grids have almost  equal  control  over the plate 
current ,  used chiefly as a  gate or  as  one tube of  a  t r igger pair .  

6.  Type 2C51,  a  miniature twin t r iode with separate cathodes,  used 
as  a  gate,  an inverter ,  a  cathode fol lower,  a  t r igger pair ,  or  to operate 
telephone-type relays.  

7.  Type 6AL5, a  miniature twin diode,  used as  a  l imiter .  

Of these,  the 6AS6, 2C51,  and 403B are constructed with Western Electr ic  
long-l ife  cathodes.  

The basic circuits  of the calculator  wil l  now be described briefly.  
I t  should be noted f i rs t ,  however,  that  with the exception of the ampli
f iers  in the playback units ,  the vacuum tubes are operated as on-off  
devices,  being ei ther  ful ly conducting or  completely cut  off .  Moreover,  
the values for  the voltage dividers in the coupling networks were so 
chosen that  when a  tube is  cut  off ,  the grid of  the next  s tage wil l  be 
driven to a s l ightly posi t ive voltage,  the exact  value being determined 
by the characteris t ics  of  the tube.  On the other  hand,  a  grid voltage is  
of  the order of  f i f teen or twenty volts  negative when the preceding tube 
is  conducting.  Thus,  so far  as  the functional  behavior of  a  circuit  is  
concerned,  a l l  voltages may a t  any instant  be described as "high" or  

low. In succeeding chapters ,  the terms "high voltage" and "low 
voltage" refer  to voltages of  the type just  described.  

1.  M i s c e l l a n e o u s  c i r c u i t s  .  Figure 2.1 shows typical  elementary 
circuits  used throughout the calculator .  In addit ion to the schematic 
diagram of each circuit ,  a  symbolic representat ion2  is  given which wil l  
be used in the diagrams of succeeding chapters .  Where necessary in 
circuit  descript ions,  both tubes and relays may be referred to by their  
socket  numbers on the chassis .  For example,  in  Fig.  2.1(c)  relay 515 is  
the relay in socket  15,  while t r iode 510a is  half  of  the twin t r iode 
in socket  10.  

2 .  G a t e  c i r c u i t s .  Figure 2.2 shows typical  vacuum-tube gate 
circuits ,  in which the signal  to be gated may be del ivered to ei ther  
input  terminal ,  the control  voltage being del ivered to the other .  The 
wave forms accompanying each symbolic diagram show the gate output  
voltage for  various inputs .  For example,  the plate-loaded pentode 
gate has a low voltage output  only when both input  voltages are high.  
This  type of gate may also be used to gate pulses of  short  durat ion,  
Fig.  2.2(b) .  In this  case,  however,  condenser coupling is  used,  and an 
inverter  is  provided to obtain posi t ive pulses at  the output  terminal .  

A pair  of  mutually inverted gates is  shown in Fig.  2.3.  By coupling 
from the screen of  one pentode to the control  grid of the other ,  the 
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Circuit Schematic Diagram Symbolic Diagram 

(a) Inverter, 

•j2C5l 

Cathode follower. 
IN > 

Cathode follower. 
OUT 

(c) Telephone-typt 
relay pick-up. 

IsiOa 

^2C5l 

~T 

I 

(d) Six-contact 

relay pick-up, 

ET1^ 

o+ 

(e) Step switch. 

-Vv LyjE?_Q_Q J ^ Q+ 
STEP SWITCH 

COIL 
O + 

(/) Indi cat or lamp, 

^—o-t 

Fig. 2.1—Miscellaneous circuits. 
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Type of Gate Schematic Diagram Symbolic 
Diagram 

(a) Plate-loaded 

pentode gate . IN I 
©-

IN 2 
-o+ i—® 

OUT 
6AS6 

IN I 

IN 2 

OUT 

(b) Pulse gate. 

(c) Plate-loaded 

triode gate. 

IN I H 2C5I IN 2 I OUT 
IN I 

IN 2 

OUT 
~L 

o+ 

(d) Cathode 

follower gate. 

IN 2 

OUT 

Fig- 2.2—Vacuum-tube gate circuits . 
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inverse  of  one input  
voltage i s  obtained with
out  the  addit ional  tr iode 
required in  the  symbol ic  
diagram. 

Crystal  rect i f ier  
gates  are  used for  se
lect ing playback s ignals .  
The principle  underlying 
the operat ion of  these  
gates  i s  that  any diode,  
whether a  thermionic  
tube or  a  semi-conductor ,  
of fers  smal l  res is tance 
to  current  in  the  forward 
direct ion and large 
res is tance to  current  
in  the  reverse  direct ion.  
Figure 2 .4  shows a  typi-
ca  1 current-voltage 
characterist ic  for  a  
germanium crystal  diode.  
I f  a  smal l  a .c .  vol tage 
i s  superimposed on the  
d.c .  b ias ing voltage,  

OUT I 
OUT 2 

6AS6 

( a )  

IN I 

IN 2  

OUT I 

OUT 2  

0>)  

Fig .  2 .3—M u t u a l l y  i n v e r t e d  g a t e s .  

he crystal  of fers  variat ional  res is tance to  the  a .c .vol tage,  approaching 
he value dv/di  where v = / (*)  i s  assumed to  represent  the  d .c .  charac-
er is t ic  of  the  crystal .  As the  bias ing voltage i s  changed,  the  res is tance 
aries  from a few hundred ohms to  a  value of  the  order of  several  hundred 
housand ohms.  Thus the  crystal  may be  considered as  a  switch,  which 

s  opened or  c losed by the  d .c .  bias ing voltage.  
Figure 2 .5  shows two crystal  rect i f ier  gate  c ircuits ,  the  arrow in  

he rect i f ier  symbol  indicat ing the direct ion of  the  low res is tance path 
hrough the  crystal .  When a  posi t ive  gat ing potent ia l  of  about  twelve  

* ^-! / .o  + ort  the  gate  i s  open,  and low-level  s ignals  oIts  i s  appl ied as  indicated,  tne  ga«.e  f  ,  
, ,  T i - ipce  wi l l  be  transmitted through the  crystals  romthe corresponding pole  piece  win 

.  motive  gat ing potent ia l  of  about  two vol ts  wi l l  o  the  output  bus .  A negat ive  ganng r  ,  
o  ,  + r .r>a R and Ro i so late  the  playback pole  piece  lose  the  gate .  Resistors  R,  ana 

.  -ooictors  Rd prevent  interact ion ol  the  rom the  gat ing vol tage,  and res is tors  * 3  P 
tr  u  o-q t  p  C i r c u i t  c o n s i s t s  of  t w o  c r y s t a l s  a n d  f ive  r a t i n g  v o l t a g e s .  E a c h  g a t e  c i r c u i t  
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VOLTS INVERSE 

40 30 

80 

o 
• $  40 
3  
<£ 
o 

10 
2  4  

VOLTS FORWARD 

I 5  
on 
on 

<n 
a: 
> 
z 

res is tors ,  a l l  mounted in  
a  component  conta iner ,  
P la te  XVI.  

3 .  T r i g g e r  p a i r s .  
Eccles-Jordan t r igger  
pa i rs  are  used in  control  
c i rcui ts  and for  temporary  
s torage  of  informat ion.  
The 2C51 envelope indi 
ca ted  in  the  center  of  
F ig .  2 .6(a)  provides  the  
two t r iodes ,  A and B,  of  
a  t r igger  pai r .  At  any 
g iven t ime,  one t r iode  i s  
conduct ing and the  other  
cut  of f .  In  the  same 

F ig .  2 .4— G e r m a n i u m  c r y s t a l  d i o d e  
c h a r a c t e r i s t i c  .  

f igure ,  t r iodes  c and D are  pul ler  tubes ,  serving to  t r ip  the  t r igger  
pa i r  f rom one pos i t ion  to  the  o ther .  For  example ,  to  make t r iode  A of  

(a )  

Fig .  2 .5 - C r y s t a l  r e c t i f i e r  g a t e s .  

the  t r igger  pai r  conduct  a  r in«i t i» n  '  Posi t ive  vol tage  i s  appl ied  to  the  gr id  of  
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(b) 

Fig. 2.5 (continued) 

triode C, causing the plate voltage of 

triode A and also the grid voltage 

of triode B to he lowered. Triode B 

will be cut off, while triode A will 

conduct. Further positive pulses applied 

to the grid of triode C will have no 

effect on the circuit. A positive 

pulse on the grid of triode D is required 

to trip the trigger pair to the opposite 

position. 

This method of control has the ad

vantage that the tripping of the trigger pair is independent of the shape 

of the triggering pulses. To obtain additional reliability, the resistors 

inthe voltage dividers 

have been chosen so 

that the circuit is 

insensitive to random 

noise, ripple, or small 

fluctuations in the 

power supply voltages. 

The outputs are taken 

from the grids of the 

trigger pair, and may 

be coupled directly to 

vacuum-tube control 

circuits. However, 

when the output of a 

trigger pair is to be 

delivered to several 

grids or to the grid 

of a power tube, a 

cathode follower stage 

is used to provide 

isolation. 

A combination trigger 

pair and gate circuit, 

OUT I OUT 2 

(a) 

IN I 

IN 2 

OUT I 

OUT 2 

(b) 

Fig. 2. &—Tri ode trigger pair. 
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OUT 2 

IN IN 2 

IN 3 

OUT I OUT 2 

(a) 

Pig. 2.7, is obtained by connecting 

the cathodes, control grids, and screen 

grids of two 6AS6 tubes to form a trigger 

pair. When a high voltage is applied 

to the two suppressor grids, one output 

voltage will be high and the other low, 

in correspondence with the position of 

the trigger pair. The plates of the 

pentodes may be coupled directly to 

the plates of a 2C51 trigger pair to 

advance the information stored in the 

pentode trigger pair to a triode trigger 
pair. 

4. Rings. Two or more pentode 

trigger pairs may be used to form a counting 

diametrically opposite tubes shown in Fi* 2 C°ntr01 rln*3' 

pairs, the circuit represents a rin cor»nected as trig 

the plate of each tube and the screen^f ̂  ̂  ̂  COnnectlons tetl 

in which the ring will step. The ' "eXt detern,ine th« direct 

numbered tubes are connected to two df eSS°r °f the odd- and ev 

the suppressors are biased to cut" off18**"0* PUlse inPuts. Normally 

Half 0f the tubes in a ring will always be 
is one of a trigger pair. To insure th c°nducting since each ti 

conducting at the start the proPer sequence of tubes 
, ne ring may be reset 

set by means of a mani 

( b )  

2.7—Pentode trigger pa 
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switch, which removes the negative voltage supply from half of the 

voltage dividers. With the assumption that tubes 7, 8, 9, 10, and 1 have 

been turned on in this way, a positive pulse on input 1 will result in 

plate current in tubes 7, 9, and 1. As the screens of tubes 8 and 10 

are already conducting, the additional currents through the plates of 

tubes 7 and 9 will not affect the circuit. The plate current in tube 1, 

however, will lower the screen voltage of tube 2, thus cutting off tube 7 

and causing tube 2 to conduct. The ring has now been stepped from 

INPUT INPUT 

CONDUCTING 
IN RESET POSITION 

(a) <»> 

Fig. 2.8—Ring of ten. 

osltlon 1 to position 2. A second pulse on Input 2 .111 similarly cut 

ff tube 8 and turn on tube 3. Alternate pulses applied to inputs and 

.111 cause the ring to step once for each pulse, the only , 

eing that the pulses do not occur simultaneously on both input lines, 

nd that each pulse raise the voltage on the suppressor grids above a 
s u f f i c i e n t  ]^ength of time to permit the trigger 

inimum threshhold for a suit 

air to trip. desirable to obtain control voltages 
In many applica ions itions of the ring. This may be 

orresponding to one or 
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accomplished by connect ing the control  gr ids  of  two r ing tubes to  the 
input  terminals  of  a  vacuum-tube gate .  The gate  output ,  determined by 
the  potent ia ls  on the selected control  gr ids ,  Pig.  2 .9 ,  wil l  then be a  
h igh or  low vol tage for  one or  more s table  posi t ions of  the r ing.  For  

example,  i f  the gr ids  of  tubes 1  
TUBE NO RING POSITION 

1 

2  

3 

4 

5 

6 

7 

8 

1 2 3 4 5 6 7 8 9 10 
1 

2  

3 

4 
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2  
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2  
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7 
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2  
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6 
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8 
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2  
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8 
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2  
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2  
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1 

2  

3 

4 

5 

6 

7 

8 

1 

2  

3 

4 

5 

6 

7 

8 

9 

10 

-J  1 

and 7 are  connected to  the control  
and suppressor  gr ids  of  a  pentode 
gate ,  the gate  wil l  conduct  for  
posi t ion 1  only,  while  i f  the 
gr ids  of  tubes 6  and 7  are  simi
lar ly  connected,  the gate  wil l  
conduct  for  posi t ions 7,  8 ,  9,  
and 10.  The vol tage a t  the 
control  gr id  of  any pentode in  
the  r ing may be different ia ted 
to  obtain pulses  each t ine the 
r ing completes  a  cycle .  These 
pulses  may then be used,  for  
example,  as  the input  to  a  second 
r ing.  

As an example of  a  specif ic  
r ing c i rcui t  used in  the calcu
la tor ,  Fig.  2 .10 shows the r ing 
of  twenty which suppl ies  vol tages  
corresponding to  the twenty digi t  
t imes in  a  number t ime.  The r ing 

tubes 11-20  are  conduct ing.  i t  i s  ± S  * t S  r® 8 e t  Posi t ion when 

number t ime when a  pulse  i s  del iveredT 1^ & t  ^ b e g l n n i n g  ° f  e a C h  

screen gr id  of  tube 1 ,  making tube 1  conduct  &  r^"  t r l° d e  ^ l°  
once each digit time by means of pm ' rl"g 18 th®n stePPed 

and odd digi t  t imes.  The even di  °C C U r r i n g  a t  t h e  star t  of  even 
suppressor  gr ids  of  r ing tubes 1^3 t i m e  P U l s e s  a r e  del ivered to  the 
pulses  are  del ivered to  the '  '  '  '  '  '  1  J '  w h i le  the odd digi t - t ime 

suppressor  £-r id« «r  
As tube 20 is  a  t r iode,  the rinir  o t  P i n g  t u b e s  2, 4 , . . . , 1 8 .  

^ in  4 4 
s tar t ing pulse  from the twin t r iode reset  posi t ion unt i l  a  
This  insures  that  the r ing win s tar t  a r r i v e s ' a t  the  screen of  tube 1.  
turned on. Voltages from the control e" PhaS6 tH® P°W0r 1S 

livered through cathode followers t £ri<i& °f the rinS tubes are de-
Fig.  2.11,  del iver ing output  vol tae-eo °  &  S > S t e m  o f  t w l"  tr iode gates ,  

voltages correspond^ to ̂  of ^ ̂  

Fig.  2 .9 - G r i d  v o l t a g e s  a s  a  f u n c t i o n  
o f  r i n g  p o s i t i o n .  
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O D D  D I G I T - T I M E  
P U L S E S  ( T O  E V E N  
S U P P R E S S O R S )  

E V E N  D I G I T - T I M E  
P U L S E S  ( T O  O D D  
S U P P R E S S O R S )  

16®—(Cj)* 

*  C O N D U C T I N G  I N  
R E S E T  P O S I T I O N  

O U T P U T S  T O  F I G .  2 . 1 1  

Fig.  2.10-Ring of twenty. 

digi t  t imes .  These  a re  numbered -1 ,0 ,1  16,17,18,  In  order  tha t  
d ig i t  t imes  1-16 may be  associa ted  wi th  the  s ix teen decimal  d ig i ts  of  a  

s tored quant i ty .  
4  c t P B  the  r ing  are  der ived f rom pulses  perma-The s ignals  required  to  s tep  tne  s  

nent ly  recorded on four  drum channels .  Pulses  p layed bach f rom these  
channels occur ,  (1)  a t  the s tar t  of  odd number  t imes  (2)  a t  the  s tar t  

/  _  \  +  the  s tar t  of  odd d ig i t  t imes ,  and (4)  a t  
of  even number  t imes ,  (3)  a t  tne  

t imes  The pulses  occurr ing a t  the  s tar t  of  odd 
the  s tar t  of  even d ig i t  t imes  l o  +  _„ t>„ 

*  .« r eaui red  e lsewhere  in  the  ca lcula tor .  By 
and even number  t imes  are  q . . .  

•  «r  nnlses  to  the  twin  t r iode  gate  shown,  a  s tar t ing  
del iver ing both  se ts  of  puis  

.  . .  •  +vi 0  hpa- inning of  each number  t ime,  pulse  i s  obta ined a t  the  beg s  
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5. P l a y b a c k  u n i t .  The circuit for one binary playback unit is 

shown in Fig. 2.12. The input to the circuit consists of information 

pulses, representing either numerical data or coded instructions. Four 

such circuits, constituting a decimal playback, are located on one 

chassis. To avoid oscillation and spurious pick-up in the aaplifiers 

the four input tubes are in the four corners of the chassis while the 

four output tubes are toward the center. Shielded wire Is used for both 
the input and output connections. 

The signals at the input terminal of a playback unit have a repetition 

rate of about 28,000 pulses per second, frequency components as high 
as 150,000 cycles per second, and an amplitude range from 15 or 20 to 

100 millivolts. The signals are amplified in two stages with negligible 

distortion, resulting in pulses of sufficient amplitude to trip a trigger 

Pair To prevent unusually large signals from blocking the second stage 
of the amplifier, a 6AL5 tube is used as a clipper between the first 

fromStCh°e fSttSetln ^ ̂  »»"•• ^i, tube is omitted 

stoLe J' UnltS' 8S the -"*** "umber of fast 

to be reducYb6668 PemitS am?litude the played back pulses io oe reduced by careful adinotm^^* » 

both amplifier stages by means of u h 
ans of unbypassed cathode resistors. 

(a)ENTERING 
PULSE 

( b ) T R I G G E R  
P A I R  # |  

(c )  A D V A N C I N G  
P U L S E  ( A , )  

( d ) T R l G G E R  
P A I R  # 2  

( e ) R E C O R D  
P U L S E  ( R )  

Fig. 2.13-Jfaoe 

The output of the second ampiifler „ , 
inverter tube, each of which control ranches to a cathode follower 
trigger pair. When a signal volt S °ne. °f the Pullpr tubes of a pent 

value, the puller tube controlled if* PiSeS above a positive threshh 
and the trigger pair will be t » y thG Cathode follower will condu 

dipped, vhen the sign., voltage reache 
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sufficiently negative value, the normally conducting inverter will be 

cut off, causing the voltage at the grid of the corresponding puller tube 

to rise. The trigger pair will then be tripped in the opposite direction. 

The wave forms in Fig. 2.13(a) and (b) show how the trigger pair is 

tripped for a typical series of pulses. 

An accurately timed pulse occurring shortly after the crossover point 

of each entering signal is applied to the suppressor grids of the pentodes 

to advance the information to a second trigger pair. To insure reliable 

tripping of the second trigger pair, series resistors are used between 

the plates of the puller tubes and the screen grids of the pentodes. This 

makes it possible to read out of the pentode plate circuit even when 

the puller tube is fully conducting. One grid of the second trigger 

pair is connected to the grid of a cathode follower, which supplies a low 

or high voltage output from the playback unit for a 0 or 1 pulse, re

spectively, Fig. 2.13(d). Inasmuch as the timing of the playback output 

is determined by regular advancing pulses, independent of the exact 

timing of the entering signals, the need for critical adjustments of 

playback pole pieces is reduced. 
6. Pulse playback unit. The timing signals which are required in 

the record and playback units and which serve to synchronize the oper

ations of the calculator are generated from evenly spaced pulses of like 

polarity, permanently recorded in channels around the drum periphery 

Fig. 2.14—Pulse playback circuit. 

, a duIsgs are delivered to pulse 
ith the aid of an index plate. These puises f 

ufjpation and conversion to positive pulses of 
layback units for amplificati 

hort duration. ^ _ , . . 
a* P-io- 2 14 consists of a two-stage ampli-

The pulse playback circuit, Fig. 
triode with a pulse generator in its plate 

tar. a cathode follower, output cathode follower. The t.o-,tage 

ircuit, a pulat inver or information playback unit, feeds 
mplifier, the same as that useo in 
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a  ca thode  fo l lower ,  to  avoid  charg ing  of  the  coupl ing  condenser .  A g r id-

l imi t ing  res i s tor  i s  used  in  se r ies  wi th  the  gr id  of  the  pu lse  genera tor  

tube .  This  tube  begins  to  conduct  near  the  c rossover  po in t  of  an  en te r ing  

s igna l  and  i s  turned  on  very  rap id ly ,  be ing  fu l ly  conduct ing  a f te r  the  
ampl i f ied  s igna l  has  r i sen  only  3  or  4  vo l t s .  The  tube  remains  fu l ly  
conduct ing  for  6  to  8  microseconds ,  bu t  the  dura t ion  of  the  nega t ive  

ou tput  pu lse  i s  de te rmined  by  the  tuned  L-C c i rcu i t .  A 4-microsecond 

advanc ing  pu lse  i s  obta ined  wi th  an  induc tance  of  10  mi l l ihenrys  and  a  

capac i tance  of  150  micro-
+ 150 V 

I 
539 K 

+ 55 V 

+150 V 

15 K 

+ 55V 

> 47 K 

-300 V 

OUT 

FAST STORAGE 
OUTPUT SLOW STORAGE 

OUTPUT 

Fig .  2 .15—Record circuit 

microfarads ,  whi le  fo r  a  

6-microsecond record  pulse  

the  va lues  a re  16  mi l l i 

henrys  and  250  micromicro-

fa rads ,  respec t ive ly .  The  

r es i s tor  in  para l le l  wi th  
the  condenser  and  induc tor  

se rves  to  damp the  c i rcu i t ,  

p revent ing  unwanted  osc i l 
l a t ions .  The  f ina l  output  

f rom the  ca thode  fo l lower  i s  

a  pos i t ive  square-wave  
s igna l ,  the  background r ipp le  

and  no ise  having  been  e l imi
na ted  by  b ias ing  the  ca thode  

fo l lower  to  -34  vo l t s .  The  

6AG7 tube  suppl ies  the  

necessary  power  to  de l iver  
the  pu lses  as  requi red  
through the  machine .  

7 .  Record unit. The 

c i rcu i t  fo r  one  b inary  fas t  
s to rage  record  un i t  i s  shown 

in  F ig .  2 .15 .  The  input  

vo l tage  i s  de l ivered  to  a  

pa i r  of  mutua l ly  inver ted  

ga tes  of  the  type  prev ious ly  
descr ibed .  A record  pulse  

appl ied  to  the  suppressor  

g r ids  of  the  pentodes  i s  
ga ted  to  one  of  the  inver te rs  
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In the 2C51 envelope, which in turn drives the grid of the corresponding 

power tube. The duration of the record pulse is 6 microseconds, to 

insure that the flux in the pole piece core reaches a maximum. A damping 

resistor is provided in parallel with each recording coil, to reduce 

the oscillations which occur when the power tube is suddenly cut off. 

Eight binary record circuits are located on one chassis. To prevent 

feedback and cross talk, the pulse input and output lines are shielded, 

as are the connections between the 6L6 power tubes and the component 

container from which the output is taken. 

It should be noted that since the record and playback pole pieces 

are in close proximity on the fast storage drum and since recording 

involves a leakage flux which makes complete shielding impossible, some 

record voltage will be induced in nearby playback pole pieces. However, 

the relative location of record and playback pole pieces is such that 

signals are played back and sensed by advancing pulses, Fig. 2.13(a) 

and (c), in the interval between record pulses, Fig. 2.13(e). Thus 

interference from record pulses does not affect the playback outputs. 

To reduce the number of relay contacts required in the slow storage 

selection circuits, only one coil is provided on each slow storage pole 

piece. While this permits playback operations to be carried out as in 

fast storage, the recording procedure is necessarily different. The 

polarity of the recorded pulse is determined not by gating the same 

direction of current flow to one of two oppositely wound pole piece 

coils, but by reversing the direction of the current delivered to the 

single coil. The fast storage record unit just described may be adapted 

for slow storage recording by using a transformer, as indicated in 

Fig. 2.15. 
Of the circuits required in the construction of the machine, only 

.. , . . . i.vhsck and record units are designed for direct 
the playback, pulse playbacK, anu 

Ail other units, built with the basic corn-
connection to pole pieces. All otner urn , 

. c h a n t e r  s e r v e  t o  c o m b i n e  v o l t a g e s  i n  a c c o r d a n c e  
ponentsdescribed in this chapter, 

t-inna reauired in computing, selection, sequencing, 
with the logical operations requireu *u r . . 

. -j ..r. the subiect matter of succeeding chapters, 
and control systems, making up the suojeci m 
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CHAPTER I II  

STORAGE SYSTEM 

The general  arrangement of  the 
magnetic drum storage unit  has 
a l r e a d y  b e e n  s h o w n  i n  F i g .  l . l .  
The 15 hp. ,  3450 rpm wound rotor  
induction motor is  connected to 
the input  shaft  of  the gear box,  
which contains one driving gear 
and four driven gears,  Fig.  3.1 
and Plate XVII.  The four output  
shafts  of  the gear  box drive the 
four pairs  of  drums.  The gear  box 
serves as  a  speed-doubling unit  
as  well ,  providing a drum speed 
of  about  6900 rpm. To minimize 
noise,  herr ingbone gears and sleeve 
bearings are used in the gear box.  
A rotary pump coupled to the drive 
gear  shaft  supplies force-feed 
lubricat ion for  the meshing gear 
teeth and for  the bearings.  A 

/  \  pressure alarm is  provided which 

©\  wil l  turn off  the power in the 
\  event  of  a  fai lure in the lubri-

/  \  cat ion system. 
/  \  Each of  the s torage drums is  

/  \  ® /s  inches in diameter ,  40 inches 
/  \  and weighs about  

|  ^ 240 pounds.  The drums are made 
from forged aluminum al loy bi l lets ,  

Fig.  3.1 -Gear  box .  special ly processed at  the foundry 
t o  i n s u r e  homogeneous forgings.  

Fig.  QSp I  '  a r 6  l n S e r t 6 d  °n  S C r 6 W  t h r 6 a d s  l n  t h e  ^ds of each drum, 
all'Jc n T, asse™blles have been "-full, machined, gr„u,d, and 

amically halanced.  As a  result ,  the maximum total  eccentr ici ty on any 
one rum is  0.0003 inch,  and the maximum amount of  unbalance,  0.2 gram. 

The drums are mounted on grease-lubricated,  precision bal l  bearings,  
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which are housed in> cast-iron pillow blocks, Fig. 3.2. A thermocouple 
is mounted on the cap of each pillow block to turn off the power if the 

Fig. 3.2— P i l l o w  b l o c k  a n d  s t u b  s h a f t s .  

°v,erheated- PedeStaiS ProTided t0 h01 

drum Diff "TT" " " th6 P°le PleCe b"Ckets « •« 
Circular d'dr ^ """• ""th circular and semi 
circular, depending on th, pel, pieo, arrangements „„ different channels 
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On a l l  the pole  pieces ,  c learance is  provided around the mounting screws 
to  permit  adjustment  of  the gap between the drum surface and the pole  
piece t ips .  The leads from the pole  pieces  are  brought  out  to  connector  
plates  fas tened onto each bracket .  

The drum surfaces  are  sprayed f i rs t  with a  layer  of  bonding cement ,  
and then with several  appl icat ions of  the  i ron oxide mixture  descr ibed 
in Chapter  I .  They are  then covered with a  second layer  of  cement ,  
buffed a t  high speed to  produce a  hard surface.  

The mechanical  connect ions between drums are  geared f lexible  coupl ings 
which compensate  for  misal ignment  and res t r ic t  the tors ional  displacement  
to  0 .001 inch or  less  on the meshing surface of  the coupl ing.  However ,  
to  insure  accurate  magnet ic  recording,  i t  is  necessary to  record on each 
drum under  control  of  pulses  der ived from the same drum. For  this  purpose 
a  channel  of  record pulses  i s  permanent ly  s tored on each drum in  the 

uni t .  
The drums are  numbered for  reference as  indicated in  Fig.  1 .7 .  Drums 

1 ,  2 ,  3 ,  5 ,  6 ,  and 8  contain the s low s torage channels ,  while  drum 4  
contains  the fas t  s torage channels ,  a ,b  ,  .  .  .  ,z  ,y ,  and the two channels ,  
a  and 0 ,  reserved for  t ransfers  from slow to  fas t  s torage.  Drum 7 con
tains  the f i f teen channels  of  constants ,  the channel  associated with the 
manual  regis ter  on the f ront  panel ,  the  t ransfer  channels ,  the  t iming 
pulses ,  and special  channels  required in  the ar i thmetic  uni ts  and the 

tape read-record system. 
Before descr ibing the s torage system. I t  Is  helpful  to  invest igate  the 

l ining pulse ,  permanent ly  recorded on drum 7 .  When these are  del ivered 
to  pulse  playback uni ts ,  the played back pulses  occur  a t  the t imes l is ted 
in Table  3 .1 ,  and,  e i ther  direct ly  or  through r ing and gate  c i rcui ts ,  
provide t iming controls  for  the operat ion of  the calculator  as  a  whole.  
Basical ly ,  there  are  three sets  of  control  pulses ,  I , ,  B ,  and A. d ,  having 
the same repet i t ion ra te  but  displaced in  t ime as  shown in  Fig.  3 .3 .  
Thus each d ,  pulse  def ines  the s tar t  of  a  digi t  t ime,  while  the d ,  pulse  

thp -1  A, pulse ,  def ines  the s tar t  occurring at  -1  digi t  t ime,  cal led tne m,  p 

of  a  number t ime.  
,  •  PI P  <3tar t  of  even and odd dxgi t  t imes and a t  The pulses  occurr ing a t  the sxan ox .  
A „hh number t imes control  the dxgxt- txme rxng of  the s tar t  of  even and odd numDe 

„  T I  A r ing of  s ix ,  Fig.  3 .4 ,  dr iven by the 
twenty descr ibed in  ^  t  suppl ies  vol tage,  
pulse ,  a t  the s tar t  of  e v e n  and  ̂ ^  ̂  ̂ ̂  o f  t h e  

las t ing through " J"  s t a r t s  i n  p h ase  when the power i s  f i rs t  
rum. To insure  that  r i n« t u b e  4  i s  p u l s e d  o n l y  B t  the s tar t  

turned on,  the suppressor  grx 
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TABLE 3 .1  

Timing Pulses  on Drum 7 

Time of  Pulse Use 

A i  Playback 

R Record 

A 2  Delay for C 
transfer channel  

,  even digit  t imes 

A 1 ,  odd digit  t imes Digit-t ime ring 

-1A, ,  even number t imes 

-1A, ,  odd number t imes 
Digit-t ime ring.  
Number-t ime r ing 

"^•4]  ,  blank number t imes 

-1A 1 ,  blank number t ime,  
"even" drum cycle'  

Indication of  
drum phase 

the fol lowing blank number t ime,  and the other 
later,  from the start  of  0  number t ime to  th 

of  each blank number 

tine. The outputs of 

this ring will be re

ferred to as "number-

time voltages"; and 

similarly the name, 

"digit-time voltages," 

will refer to the 

outputs of the ring 

of  twenty described 
in  Chapter  II .  

The purpose  of the 

ring of four in Pig. 3.4 

is to Indicate the 

drum phase as an 

"even" or "odd" half-

revolution. Two out

puts  are  del ivered,  
one lasting from the 

start of blank number 

time to the start of 

occurring one number time 

e start of the following 

PULSES 

A,  

R 

A2 

D I G I T  T I M E S  

1  i  
i 

1  1 2  

3 

n  L 4 ' 
.  n  TL__ —n—j __n n  

1L 

n  

-, R_ JL TL n_ n 

i (  

n  
S  1 

ETC. 

I L— 

Fxg.  3 .3 -T imtng  j - o r  a  r  
' '  R > a n d  pu l ses .  

0 number t ime.  These two voltages are 
record operat ions ,  respect ively  a  U S 6 d  C o n t r o l l l n « playback ar 
approximately  one number t ime betw ^ C o r r e s Pond to  the  displacement  c 
the  fast  storage channels  °  r e c o r d  a n d  playback pole  pieces  o 

" PUrPOSe °r U» pulses derived in Fig. 3-
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will be seen in later descriptions of special circuits in the calculator. 

lo begin the discussion of the storage system, reference is made to 

Table 3.2, which lists the fast storage channels, their code numbers, and 

their bus connections. 

The fifteen constant channels store the quantities listed in Ap

pendix I. Although many of the constants required for the evaluation 

of the elementary functions are generally selected under control of the 

—IA, , BLANK 
NUMBER TIME, 
EVEN DRUM CYCLE 

TO SUPPRESSORS 
Of 0 AND 2 
-IA,, 000 
NUMBER TIME 

TO 000 
SUPPRESSORS 
- IA,. EVEN 
NUMBER TIME 

— IA,, BLANK 
NUMBER TIME 

FROM CONTROL GRIDS, RING OF SIX 

• CONDUCTING IN 
RESET POSITION 

LLOV) (HIGH) 
V V ' 

4 NUMBER 
TIME 

3 
NUMBER 

TIME 

2 
NUMBER 

TIME 

I 
NUMBER 

TIME 

0 
NUMBER 

TIME 

(HIGH) (LOW) 

BLANK NUMBER 
TIME 

FROM CONTROL GRIDS, 
RING OF FOUR 

(LOW) (LOW) 
EVEN DRUM EVEN DRUM 
CYCLE (PB) CYCLE (REC) 

Fig. 3. 4^-ffu.mber-t ime ring. 

function sensing register, any of them may be selected directly under 

code control as well. Circular brackets, Plate XVIII, are used to permit 

Uo diametrically opposite playback pole pieces to be mounted on each 

binary channel in the group. The numbers were recorded during the con

struction of the calculator by temporarily connecting the playback pole 

pieces to record units. 
Table 3.3 lists the peers of 10 stored on channels 16-19. These 

-.lues are arranged to facilitate selection under control of the I regis-
• Like the constants, these numbers were 

ter for shifting operations. WKe UI1 

.^tinn of the calculator. Two playback pole 
recorded during the construction 

t, oHonnel but since a 1, in 2*,4,2,1 notation, 
Pieces are mounted on each channel, 
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BLANK NUMBER TIME 

Fig. 3.5—C y c l i n g  p u l s e s  .  
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Plate XVIII Constant Storage Bracket 
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is  0001,  a  s ingle binary channel  of  zeros replaces the three channels  
for  the 2*,  4,  and 2 components usually required in decimal channels .  

Registers  on channels  a ,b, . . . ,z ,y,  may be selected by code for  ei ther  
record or  playback operat ions.  To mount two record and two playback 
pole pieces on each binary channel ,  the circular  brackets  shown in 

TABLE 3.2 

Fast  Storage Channels  

Channels  Codes Playback 
Connections 

Record 
Connections 

constants  01 

15 

B bus 

powers of  10 required 
for  shif ts  

16 B bus 

19 

a  
b  

20 
21 

A or  B  bus C bus 

z  
y 

38 
39 

a  
P 

03* 
04* 

A or  B bus slow storage 

manual  register  05* A or  B bus manual  register  
on front  panel  

tape read-record 
channe1s 

(a)  
(b)  

A 10,  
502* 

C02* 
,  C02* 

A bus 
B bus 

C bus 
C bus 

Plate XIX are used.  Each record pole piece is  advanced 20.7 digi t  t imes 
in the direct ion of drum rotat ion from the corresponding playback pole 
piece.  This insures that  digi ts  are returned to storage in the correct  
t ime phase,  taking into account the fact  that  record pulses occur ap
proximately one-third of  a  digi t  t ime later  than the A1  pulses used in 
playback units .  

On the y  channel ,  the third playback pole piece used in fast  to slow 
storage transfers  is  ten digi t  t imes in advance of  the upper playback 
pole piece.  In order that  numbers t ransferred to slow storage may be 
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returned to  fas t  s torage 
in  the same t ime phase,  the 
record pole  pieces  on the a  
and p channels  are  advanced 
11.7 digi t  t imes from the 
upper  playback pole  pieces .  
This  spacing compensates  
for  the delay of  one digi t  
t ime which occurs  when 
s ignals  are  recorded in  
s low s torage and played 
back through the same pole  
p iece,  as  wel l  as  for  the 
t iming difference in  record 
and playback pulses .  

Numbers  are  recorded 
in  the constant  regis ter  
channel  using manual  con
t rols  on the front  panel  
of  the  calculator .  A se t  
of  s t r ip  switches i s  pro
vided there  for  regis ter ing 
a  s ixteen-digi t  quant i ty  
and i t s  algebraic  s ign.  
When a  number- t ime but ton,  
0-9,  and the but ton labeled 
"read in"  are  depressed,  a  
rotary s tep switch is  

s tar ted,  which scans the s t r ip  switch contacts ,  Fig.  3 .6 .  Through the 
f i rs t  four  s tep switch wipers ,  the  binary components  of  each decimal  
d igi t  are  del ivered to  the record uni ts  associated with the constant  
regis ter  channel .  Record pulses  are  gated to  these uni ts  as  shown in  
Fig.  3 .7  under  control  of  a  digi t  t ime vol tage,  suppl ied through wiper  5  
on the s tep switch,  and a  number t ime vol tage,  corresponding to  the 
depressed number- t ime but ton.  The cam t iming which controls  the s tep 
switch is  slow enough to  insure the arr ival  of  a t  least  one gated record 
puj .se  on each s tep of  the s tep switch.  

The two tape read-record channels ,  used in  t ransferr ing quant i t ies  to  
and from magnet ic  tape,  are  descr ibed in  detai l  in  Chapter  VI.  Here i t  
wil l  be noted that  the s ingle  code,  C02*,  causes  the number on the C .bus  

TABLE 3  .3  

Numbers  on Channels  16-19 

Channe1 Number Time Quant i ty  Stored 

16 0 10° 
1  10 1  

2 10 2  

9 10 9  

17 0 10 1 0  

1 10 1  1  

2 10 1 2  

5 10 1  5  

8 0 

18 0 10° 
1  10 1  5  

2 10 1  ** 

9  io 7  

19 0 10 6  

1 10 5  

2 10^ 

5  10 1  



STORAGE SYSTEM 73 

SIGN c 

COLUMN 
2* 4 

16 

e i 
COLUMN 
2" 4 

15 

2 I 

COLUMN I 
2* 4 2 

I 

1-
— \ — \  '  \  

2 —O—20 V 

Z Z Z z 

© 
-ioovo- -KX3VO-

READ-IN 
BUTTON 

DIGIT TIME 
(TO FIG. 3.7) 

TO RECORO UNITS 
FOR CONSTANT 

REGISTER CHANNEL 

- ° 

© ° 

-®—— 

-®—-

o 

-o-

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o o o 

o o o o 

o r° r° r° 

o </ (/ c/ 

o o c/ c/ 

o o c/ c/ 

o o </ c/ 
17 16 15 

DIGIT DIGIT DIGIT 
TIME TIME TIME 

r-O 

c/ 

cf 

c/ 

a 

DIGIT 
TIME 

STEP 
SWITCH 0 

COIL ^ 

Fig. 3.6—Strip switches and step switch for constant register channel. 
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NUMBER-TIME BUTTONS 

to be recorded and regenerated on both channels .  However,  playback 
connections are provided to the d bus only for  one channel ,  and to the 
B bus only for  the other .  

The playback pole pieces provided on the fast  s torage channels  are 
connected to crystal  gate circuits  which are control led by voltages 
corresponding to the d and B codes.  The c ircuits  select  'a  decimal 
channel  and the upper or  lower pole piece on this  channel ,  causing 
s ignals  to be played back to preamplif iers ,  each consist ing of a  403B 
tube and a cathode fol lower.  The s ignals  are then del ivered to the d or  
B playback units .  Since the gat in^ volta? p s  l  a« t  r > w  s  ° unages last  one machine cycle 
s tar t ing at  blank number t ime the tran«ion+c -i + ^  > ransients  introduced by them wil l  
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rimwsT] 

P R E A M P L I F I E R  

TO B2* 
PLAYBACK 

Fig.  3 .8—P l a y b a c k  g a t e s  f o r  2* c o m p o n e n t s  t o  B  b u s .  

l ie  out  dur ing blank number  t ime before  any s igni f icant  informat ion i s  

played back.  
Figure  3 .8  indicates  the  playback gate  c i rcui ts  for  the  2* components  

3 f  the  fas t  s torage  channels  having connect ions  to  the  B bus .  There  
are  s imi lar  c i rcui ts  for  the  4 ,  2 ,  and 1  components  of  these  channels .  
S ignals  f rom channels  01-39 are  gated  under  control  of  the  B sequence 
codes  for :  (1)  the  uni t ' s  d ig i t  of  the  channel  number ;  and (2)  the  ten ' s  
i ig i t  of  the  channel  number  and the  choice  of  upper  or  lower  p layback 
pole  p iece .  The output  of  the  second group of  ga tes  i s  connected to  
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C2-1U)  

TO RECORD U N IT S  
FOR U PPER  POLE P I E C ES ,  

CHANNELS 20 -29  

TO RECORD UNITS  
FOR UPPER  POLE P IECES ,  

C HANNELS 3 0 - 3 9  

RE CO RD  
PULSES  

C2_ (L l  

one  o i  two pr imary  windings  

on  a  t ransformer .  A sepa

ra te  c i rcu i t ,  l ead ing  to  

the  o ther  pr imary  winding ,  

i s  provided  for  the  channels  

hav ing  code  numbers  which  

use  the  s ta r red  (non-

dec imal )  d ig i t s .  

The  c rys ta l  ga te  c i rcu i t s  

l ead ing  to . the  A bus  a re  

s imi la r  to  those  jus t  
descr ibed .  However ,  the  

to ta l  number  of  ga tes  

i s  smal le r ,  s ince  the  

cons tan ts  and  the  powers  

o f  t en  used  in  sh i f t ing  

opera t ions  have  connec t ion  
to  the  B bus  on ly .  

For  record ing  numbers  

in to  fas t  s torage  f rom the  
C b u s ,  c h a n n e l s  a , b , . . . , z , y  

are  equipped  wi th  upper  

and  lower  record  pole  

p ieces .  Record  pu lses  a re  

ga ted  to  the  assoc ia ted  

record  un i t s  under  cont ro l  

o f  the  C sequence  codes  

fo r :  ( l )  the  number  t ime;  

(2 )  the  t en ' s  d ig i t  of  the  

channel  number  and  the  

choice  of  upper  o r  lower  
po le  p iece ;  and  (3)  the  un i t ' s  d ig i t  of  the  channel  number .  The  c i rcu i t  

i s  ind ica ted  in  F ig .  3 .9 .  The  C cont ro l  vo l tages  a re  de layed  one  cyc le  
and  one  number  t ime ,  re la t ive  to  the  A and  B cont ro l  vo l tages  of  a  
sequence  command.  The  one-cyc le  de lay  i s  requi red  so  tha t  when fo r  

example ,  two numbers  a re  se lec ted  f rom s torage  dur ing  cyc le  a ,  the i r  sum 

may be  re turned  to  s torage  in  cyc le  n  +  l ,  a t  the  same t ime  tha t  two new 

operands  a re  be ing  se lec ted .  The  fu r ther  de lay  of  the  C cont ro l  vo l tages  

t i l l  0  number  t ime  of  cyc le  n+ l  compensa tes  fo r  the  fac t  tha t  each  
record  pole  p iece  on  channels  a ,b  i s  a d v a n c e d  a p p r o x i j n a t e l y  

TO RECORD UNITS  
FOR LOW ER PO L E  P IECES .  

C H A N N ELS 20 -29  

TO RECORD UNITS  
FOR LOWER P O LE P IECES ,  

C HANNELS 3 0 - 3 9  

Fig .  3 .9—B a s t  s t o r a g e  r e c o r d  p u l s e  g a t i n g .  
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+100 v 

BLANK 
NUMBER 

TIME 

17 
PULSE 

15 Af 

PULSE PULSE 

0 DIGIT TIME 

BLANK 
NUMBER 

TIME 

I7A2 PULSE FROM FIG. 3.16 

18A2 PULSE 

+ 150 V 

Fig.  3.11—S l o w  s t o r a g e  c y c l i n g .  

one number t ime in the direction of drum rotation from the corresponding 
p l a y b a c k  p o l e  p i e c e ,  F i g .  1 . 5 .  

The slow storage drums are equipped with semicircular brackets,  
Plate III .  The lands on the brackets are staggered,  permitt ing twenty-
four pole pieces to be mounted on each bracket to cover twenty-four 
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binary channels. The slow storage channels, h = 000,...,399, are 

selected for record or playback operations under control of the 8 regis

ter. On a command to read to the 8 register, code C06*, the sign and 

the sixteenth, fifteenth, and fourteenth digits of the quantity on the C 

bus will be stored in the 8 register trigger pairs, Fig. 3.10. This is 

+ioo v 

Fig. 3.12 Channel relays selected by A pyramid. 

accomplished by gating A, pulses at 17, 16, 15 and 14 digit times of 

blank number time to the pentodes serving as puller tubes for the trigger 

pairs. The other inputs to the pentodes are the binary components of 

the C bus. For each binary 1 stored in these trigger pairs, one or more 

of the telephone-type relays E1-E13 is energized. Through the E relay 

contacts, a corresponding configuration of six-contact relays, XI,..., 

A31,B1,B2, is energized. At the time that a number is stored in the 8 

register, trigger pair 1 in Fig. 3.11 is tripped to pick up relay *38. 

Then a series of relays, *39-*42, is energized one after the other, 
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providing a t ime delay of about 20 mill iseconds while the contacts on 
the A and B relays are posit ioned. 

The pyramid of A relay contacts makes connections to the selection 
relays for two slow storage channels,  h and k + 1,  where A is  the number 
s tored in the 5 register tr igger pairs,  Fig.  3.12.  A connection is  also 
made to a record pulse channel selection relay.  This is  necessary in 
order that  record pulses for fast  to slow storage transfers will  be 
supplied from the drum on which the recording is  to be done.  

POLE PIECES FOR 2* COMPONENTS, 000 CHANNELS 

POLE PIECES FOR COMPONENTS, EVEN CHANNELS 
'? L® '« '• • K II H M • MO 

A A A A A A A A 

1 1 1 1  1  

J 
TO SLOW TO SLOW TO SLOW 
ST0RA6E STORAGE STORAGE 
RECORD PLAYBACK PLAYBACK 

"NIT (a) 09) 

Fig.  3.13—.SI o ID s t o r a g e  channel  se lect ion.  

The B relays are energized when a negative sign,  indicating a fast  t ,  
S  S t° r a S C  transfer,  is  stored in the 5 register.  Through the 5 rela:  
contacts,  channel a  will  b e  connected to the slow storage record unit  
and the inputs to the slow stnr*ao-o wi S e  Playback units  will  be grounded, 

3 • 13.  When a  posit ive sian i  <5 c tnnn^ , .  stored m the 6 register,  indicating 
a slow to fast  storage transfer th» » s  ,  B relays are not eneraized.  In this 
case,  channels *  and will  he connected to the slow storage playback, 
leading to the a and P record units, respectively. Also shown in Fig. 3.11 
are contacts on the d relays,  energized through the pyramid when » « 
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NUMBER TIME . . 
B 0 

1 
2 3 4 B 0 1 2 3 4 B 0 1 2 3 4 8 

TRIGGER PAIR 4 HH mi HH BH 
18 A? 18 A2 

TRIGGER PAIR 5 1 ••L BH BH HB ̂ î 
A2 

TRIGGER PAIR 5 
18 A? 

GATED RECORD PULSES HH HH iBI HH wm HB iH Hi Hi HB HB 
I8j £S_ 18 A2 

TRIGGER PAIR 3 1 mm Hi BH HH HB HH 
A2 

TRIGGER PAIR 3 
17 A2 

TRIGGER PAIR 2 ' HB Bi Hi Hi TRIGGER PAIR 2 
17 A2 

RELAYS EI4-37 Bi BI Hi Hi ̂B RELAYS EI4-37 
N 0 A, 

A RELAYS, CHANNEL RELAYS Hi IB Hi HI BH HH BH •• •• •• •• A RELAYS, CHANNEL RELAYS I ••• ••• ••1 l 

Fig. 3. 14—Timing diagram for transfer operation. 

odd. These contacts insure that channel k, whether even or odd, will 

always be associated with the a channel, and channel k+1 with the p 

channel, in transfers from slow to fast storage. 

When the contact of the last relay, E42, in the delay series has 

closed, trigger pair 2, Fig. 3.11, is tripped, energizing relays A'14-A'37 

and, through the E relay contacts, the channel relays selected by the 

A pyramids. The contacts of the channel relays are connected as indi

cated in Fig. 3.13. To minimize crosstalk between channels, each relay 

is shielded, shielded wire is used for all connections to the relay 

contacts, and all normally closed contacts are grounded. As shown in 

Fig. 3.11, the output of trigger pair 2 resets trigger pair 1, and closes 

the gates leading into the 8 register trigger pairs. This makes it 

impossible to read another number to the 8 register until the transfer 

command has been given and trigger pair 2 has been reset. 

The coding instructions stipulate that the command for a transfer 

between fast and slow storage be given at least twelve cycles after a 

number has been delivered to the 8 register, to be sure the relays have 

been positioned. The command, operation-code 7, requires first, that 

record pulses be gated for two cycles to either the a and p record units 

or to the slow storage record units, and second, that the 8 register be 

reset. The timing for these operations is indicated in Fig. 3.14. At 

the start of 0 number time, trigger pair 4, Fig. 3.15, is tripped causing 

a high voltage output from the cathode follower gate in the center of the 

drawing. The 18 A? pulse in the following blank number time trips 

trigger pair 5, to deliver a high voltage output from the cathode follower 

gate for another cycle. Depending on whether a plus or minus sign is 

stored in the 8 register, one of two pulse gates will be opened, to 
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—IA, PULSE, 

O NUMBER TIMF 

FAST-TO-SLOW TRANSFER 
(h) 

(TO FIG 3.111 

supply record pulses for two cycles to the proper record units. Also 

under control of the high voltage output of the cathode follower gate, 

the 18 Az pulse in blank number time trips trigger pair 3, Fig. 3.11. 

The 17 Az pulse in the following blank number time resets trigger pair 2, 

causing relays AM4-.£37 to be dropped out. Finally, during 0 digit time 

of the following blank number time the 5 register trigger pairs are reset. 

Associated with the 

s t o r a g e  c h a n n e l s  i s  O P T  

the i register. This 

permits selection of 

fast storage registers 

under control of previ

ously computed numbers 

as well as under Code 

control. On a command 

to deliver a number to 

the i register, code 

C15*, the sign, the 

1 component of the 

fourteenth digit, and 

the complete thirteenth 

digit of the number on 

the C bus are stored in 

the i register trigger 

pairs, Fig. 3.16. This 

is accomplished by 

gating Az pulses at 17, 

14, and 13 digit times 

to the pentode gates 

serving as trigger pair 

puller tubes. 

When the A, B, or C 

number time in a coded 

instruction is desig

nated as i, code 2*, a number timo uin l 
A ' numDer time will be selected corresponding to the 

thirteenth digit stored in the i register- a , 
, .. . , . ,, gister. To do this, two sienals are 
delivered to the sequence cnntmi «,• 
) h  » „ •  , c « n t " 1  « r m t s .  O n e ,  i n d i c a t i n g  . h e t h e r  
he thirteenth digit is in the range 0-4 or 5-9, is obtained fro* the 

trigger pair storing the component of the thirteenth digit. The 
second, specifying one of five nlMber 0> ^ 

RECORD PULSES 
(FROM DRUM 4) 

RECORD PULSES 
(FROM ONE Of SIX 

SLOW STORAGE DRUMS) 

TO SLOW 
STORAGE 
RECORO UNITS 

Fig. 3.15-^Secord pulse gating for transfers. 
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from a combination of pentode and twin triode gates controlled by the 

outputs of the trigger pairs for all four binary components of the 

thirteenth digit. 

After a transfer from slow to fast storage, numbers may be selected 

from the a and {3 channels under control of the t register. When a slow 

storage register number, r = 0000-3999, has been delivered to the i 

register in the sixteenth, fifteenth, fourteenth, and thirteenth columnar 

positions, then the code A08, number time 2*, will select from the a or 

(3 channel the quantity corresponding to r. The thirteenth digit, as 

previously described, controls the number time selection. To choose 

between the a and 0 channels, the 1 component of the fourteenth digit 

stored in the i register is compared with the 1 component of the 

fourteenth digit originally stored in the 8 register for the slow to 

fast transfer. When these digits are the same, indicating that the 

desired quantity lies on the a channel, the plates of both tubes in 

trigger pair 1, Fig. 3.16, are nonconducting. When the digits are 

different, indicating that the desired quantity lies on the (3 channel, 

FROM FIG. 3.16 

Fig. 3.17—i register channel selection. 
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one p la te  wil l  conduct .  Corresponding to  these two s i tuat ions,  a  high 
or  low vol tage i s  del ivered to  the sequence control  c i rcui ts ,  to  select  
the a  or  p channel .  

A th i rd  funct ion of  the i  regis ter  i s  to  control  shif t ing operat ions.  
The method used to  shif t  a  quant i ty  s  columns i s  to  mult iply i t  by a  1  
in the (a  + l )s t  machine column for  a  lef t  shif t ,  or  by a  1  in  the 
(17 -  s) th  machine column for  a  r ight  shif t .  In  the resul t ing product ,  
the low-order  d igi ts  or  the high-order  d igi ts ,  for  a  lef t  or  r ight  shif t ,  
respect ively,  const i tute  the shif ted quant i ty .  The amount  of  shif t ,  a,  is  
del ivered in  the thir teenth and fourteenth columns to  the i  regis ter ,  
with a  posi t ive or  negat ive s ign to  indicate  a  lef t  or  r ight  shif t .  I f  
the code 512*,  number t ime 2*,  i s  given,  the i  regis ter  wil l  select  the 
proper  power of  ten for  the shif t  mult ipl icat ion.  I f  the code A05 i s  
given on the third cycle  of  the shif t  mult ipl icat ion,  the i  regis ter  
wil l  se lect  the proper  read-out  of  product  d igi ts  from the mult ipl ier .  

The powers  of  ten used for  shif t  mult ipl icat ions are  arranged on four  
channels ,  codes 516,  517,  518,  519,  in  such a  way that  the thir teenth 
digi t  s tored in  the I  regis ter  may a lways control  the number t ime 
select ion.  The values  10°,  that  i s ,  a  1  in  the (s  + l )s t  machine column,  
are  s tored on channel  16 for  a =  0,  .  .  .  ,  9,  and on channel  17 for  
a  =  1 0 , . . . ,  1 5 ,  a t  n u m b e r  t i m e s  c o r r e s p o n d i n g  t o  t h e  u n i t ' s  d i g i t  o f  s .  

The values  10 1 6~ s ' ,  to  be selected for  r ight  shif ts ,  are  on channel  18 
for  -a  = 0 ,  . .  . ,  9,  and on channel  19 for  -a  = 10, . . . ,  15,  a lso a t  number 
t imes corresponding to  the uni t ' s  digi t  of  s .  

The choice among channels  16-19 i s  made through the c i rcui t  shown in  
Fig.  3 .17,  which del ivers  to  the playback gates  one of  the  gat ing vol tages  
2> 6 , . . . , i> 9 .  The se lect ion may be made e i ther  by code control ,  or ,  on a  
512* code,  under  control  of  the s ign and the 1  component  of  the  fourteenth 
digi t  s tored in  the t  regis ter .  Also shown in  Fig.  3 .17 i s  the c i rcui t  
for  the select ion of  low- or  high-order  product  d igi ts ,  under  control  
of  the  code A05 and the s ign s tored in  the i  regis ter .  To insure that  
the low-order  d igi ts  wil l  be chosen for  a = -0 ,  the input  to  the s ign 
t r igger  pair ,  Fig.  3 .16,  i s  control led by three gates .  Thus for  | a |  = 0 ,  
a  plus  s ign is  s tored regardless  of  the s ign of  the quant i ty  on the C bus.  

This  concludes the descr ipt ion of  the internal  s torage system of  the 
calculator .  The mater ia l  contained in  this  chapter  i s  complemented by 
the sect ions in  succeeding chapters  descr ibing the connect ions between 
internal  s torage and other  components  of  the machine,  namely,  the  
ar i thmetic  uni ts ,  the  control  regis ters ,  and the external  tape s torage 

faci l i t ies .  



CHAPTER IV 

ARITHMETIC UNITS 

The a r i thmet ic  uni ts  provided in  the  calculator  are  an adder and a  
mul t ip l ier .  Descr ip t ions  of  these  uni ts  and associated circuits  vl l l  
he  g iven in  th is  chapter ,  preceded by a discuss ion of  the  A,  B,  and C 
t ransfer  channels  which serve  as  intermediate  s torage between the  ar i th
met ic  uni ts  and the  fas t  s torage  sys tem.  

Figure  4 .1  shows the  c i rcui ts  control l ing  the  A transfer  channel .  
The heavy l ines  indicate  the  four  para l le l  wires  for  transalss lon of  

C BUS 

A 
NUMBER 

TIME 
(LOW) A BUS 

A »•»«'!' 
>»*»£. 

AUGEND TO ADDER 
Cfl l  

F l ®' 4 '  l ~
A "'"Vf 

decimal digits. The number recorded on th . 
three  pentode gates  1  ?  ^  channel  may come f rom OB 

' Of vhiph 
t ime.  Gate  1 ,  the  A number- t ime m ° r e  t h a n  ° n e  i S  ° p e n  

of  the  A number  t ime,  to  d e l i v o  '  l s  o p e n e d  during 1-16 digi t  t  
er  the  d i g i t s  o f  ^ 
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storage by the A codes. Gate 2 is the regeneration gate, generally 

open during 1-16 digit times of all number times except the A number 

time, to provide a circuit from the transfer channel playbaek to the 

record unit. Gate 3 delivers C bus information to the A transfer channel 

at 4 number time under control of code A01, the a command. Since record 

pulses occur approximately one-third of a digit time later than the A1 

pulses used in playback units, the record and playback pole pieces on 

the transfer channel are 19.3 digit times apart. This causes a digit 

recorded in 6 digit time, for example, to be played back approximately 

one number time later by the 6 A1 pulse, and then recorded again by 

the 6 record pulse. 
When the command to record zeros on the A transfer channel is given, 

code 415*, a high voltage is delivered to two twin triode gates, as 

indicated in Fig. 4.1. The outputs of the twin triodes close gates 1 and 

2, and as gate 3 is normally closed, the voltage on the bus connecting 

the outputs of gates 1, 2, and 3 will be high. As a result, the input 

voltage to the record unit will be low and zeros will be recorded. 

Fig. 4.2—5 transfer channel. 
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SEQUENCE 
CODE DIGIT 2 

TO FIG. 4.4,  

B SIGN STORAGE 
TRIGGER PAIR 

OP 3 
DELAYED 

(H = * )  

TO FIG. 4.  I  ,  
GATES FROM A TRANSFER 

CHANNEL 

Fig. 4.3—A sign storage circuit. 

ihe 5 transfer channel 

controls are shown in 

Fig. 4.2. Here the input 

may come from one of 

four pentode gates, 1, 

2, 3, or 4, of which not 

more than one is open 

at a time. Gate 1, the 

B number time gate, and 

gate 2, the regeneration 

gate, operate in the 

same way as gates 1 and 

2 on the A channel. 

Gate 3, for normalizing 

control numbers coming 

from the zero-counting 

circuit, is opened at 

0 number time under 

control of code 513*. 

Gate 4 delivers the 

number coded on sequence 

digits 3-16 when an 

external transfer com

mand, code 527*, is 

given. There are no 

special controls for 

recording zeros on the 

5 transfer channel by 

closing gates 1 and 2. 
Instead, zeros are played back from one of the fast storage channels 
under control of code W 8. A number on the B transfer channel ma, 

be delivered to the zero-counting circuit, code A07, as .ell as to the 
adder, multiplier, identity check circuit, and read-out lights. 

The sign storage circuits associated with the and stransfer'channels 

are indicated in Fig. 4.3 and Fig. 4.4, respectively. These sense the 

2. lines only of the A and K busses, to determine the algebraic signs 
associated with the selected quantities. 

As She™ in Fig. 4.3, the A sign storage circuit senses the 2. com

ponent of the 0 bus instead of the A bus .hen a 0 command is given. In 

eithercase, the digit and its inverse are delivered to a sign-computation 
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TABLE 4.1 

Coding of A Transfer Sign 

A Transfer Sign Sequence Digit 
2 1 

positive 
positive absolute value 
negative absolute value 
negative 

0 0 
0 1 
1 0 
1 1 

2* LINE 
B BUS 

circuit, which multiplies 

the stored sign by the 

A transfer sign, repre

sented by sequence digits 

1 and 2 as shown in 

Table 4.1. There is a 

high or low voltage on 

the common plate con

nection from the two 

pentodes in the upper 

portion of Fig. 4.3 when the resultant sign is plus or minus, re

spectively. This sign is read into a trigger pair by the 17 Az pulse, 

either during the A number time or, on a a command, during 4 number 

time. The trigger pair output may be used to control the direct and 

invert gates leading from the A transfer channel to the adder, or, in 

combination with the B sign, to determine the sign of a product. 

The B sign storage 

circuit, in Fig. 4.4, 

combines the sign of the 

number selected by the B 

codes with the B transfer 

sign, coded on sequence 

digits 17 and 18. The 

17 A? pulse during the 

B number time reads 

the resultant sign into 

a pentode trigger pair. 

In an adding operation, 

the outputs from the 

control grids of the 

trigger pair tubes con

trol the direct and 

invert gates leading 

from the B transfer 

channel to the adder. 

To determine the product 

of the A and B signs, 

the outputs of the A 

sign storage trigger 

pair are connected to 
Fig. 4.4—B sign storage circuit. 



90 ARITHMETIC UNITS 

FROM TRANSFER CHANNELS 
(FIG. 4.1, 4.2) 

C TRANSFER 
CHANNEL 

4.5—C transfer channel. 
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the suppressor grids of the £ trigger pair tubes. The connections are 

made in such a way that the common plate voltage from the B trigger pair 

tubes is high or low for a positive or negative product, respectively. 

In sign-choice operations, the product sign controls the direct and 

invert gates between the £ transfer channel and the adder, while in 

multiplication the product sign is stored in a trigger pair and supplied 

later with the product on the C bus. 

The C transfer channel is shown in Fig. 4.5, along with various 

circuits to be described in connection with the adder. The single input 

to the C transfer channel is from the adder, to which products from the 

multiplier must be delivered to be recorded on the C channel. The sum 

of the two digits which enter the adder at 6 digit time, for example, 

may not come through the add circuit in time to be recorded by the 6 

record pulse, as will be explained later. Therefore, the sum digit is 

stored in a trigger pair by the 6 Ag pulse and recorded in the following 

digit time. To compensate for this delay, the displacement between 

record and playback pole pieces is 18.3 digit times, instead of 19.3 

digit times as on the A and £ channels. 

R*OM 510 N 
ST0*»G€ 1 »! 

J J . ,J JJ',1 | J* IJ 
NPUTS FROM TRANSFER CHANNELS 

4 2 
A IB IC | A |B 

DIGIT TIME 
VOLTAGE FROM -

•IP£« 5 FIG 4 7 

JZ 
jllil 

SELECTION 
SWITCH 

TO WIPERS 4, 3, 2, I FIG. 4.7 

Fig. 4.&—Control trigger pairs for read-out lights. 

or,v one of the transfer channels to lights, a 
To read the number on any one oi 

A, P, or C. i. depressed on the front panel. This energises 

. relay Ft* 4 6 providing connections from the four output lines of 
relay, ne. 4.0, pr uuller tubes. A button labeled 
he selected channel to trigger pair puller tu 
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Fig.  4.7 - S t e p  s w i t c h  a n d  r e l a y s  a s s o c i a t e d  w i t h  r e a d - o u t  l i g h t s .  

for  checking the l ights ,  causes a  constant  high voltage to be supplied 
to the t r igger pair  puller  tubes.  When the A or B channel  is  selected,  a  
connection is  also made to the corresponding sign storage unit ,  s ince 
algebraic signs are not  s tored on the A and B t ransfer  channels .  When 
the "read out" button on the front  panel  is  also depressed,  a  s tep switch,  
indicated in Fig.  4.7,  is  s tar ted,  causing the number on the selected 
channel  to be s tored in a set  of  relays control l ing the l ights .  Through 
the f i f th step switch wiper,  digi t- t ime voltages are supplied to the 
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c ircuit  in  Fig .  4 .6 ,  gat ing 
A 2  pulses  to  the  tr igger  
pair  pul ler  tubes .  The cam 
t iming on the  s tep switch 
is  s low enough to  insure 
the arrival  of  at  least  
one gated A,  pulse  on each 
step of  the  s tep switch.  
Thus success ive  digi ts  from 
the transfer  channels  are  
stored in  the  tr igger  pairs ,  
the  outputs  of  which are  
connected to  four of  the  
step switch wipers .  These  
in  turn scan the  re lays  
control l ing the  l ights .  The 
l ights  s tay on unt i l  the  
"off" button i s  depressed 
or unt i l  another number i s  
displayed.  

With this  descript ion of  
the  transfer  channels  as  a  
background,  the  operat ion of  
the  c ircuits  used for  ad
dit ion wi l l  be  considered.  
A s tat ic  add c ircuit ,  shown 
in  block diagram in  Fig .  4 .8 ,  
i s  provided to  add two 
decimal  d ig i ts  and the  carry,  
0  or  1 ,  from a  previous  
sum, producing a  sum digi t ,  
0-9 ,  and a  carry,  0  or  1« 
Four c ircuits  of  the  type 
shown in  Fig .  4 .9  are  con
nected in  paral le l ,  to  add 
the four pairs  of  components  

TABLE 4.2 

Addition Table 

Inputs to Adder Binary Sum Translated Sum 

0000 0000 0 0000 0 0000 
0001 0 0001 0 0001 
0010 0 0010 0 0010 
0011 0 0011 0 0011 
0100 0 0100 0 0100 
1011 0 1011 0 1011 
1100 0 1100 0 1100 
1101 0 1101 0 1101 
1110 0 1110 0 1110 
1111 0 1111 0 1111 

0001 0001 0 0010 0 0010 
0010 0 0011 0 0011 
0011 0 0100 0 0100 
0100 0 0101 0 1011 
1011 0 1100 0 1100 
1100 0 1101 0 1101 
1101 0 1110 0 1110 
1110 0 1111 0 1111 
1111 1 0000 1 0000 

0010 0010 0 0100 0 0100 0010 
0011 0 0101 0 1011 
0100 0 0110 0 1100 
1011 0 1101 0 1101 
1100 0 1110 0 1110 
1101 0 1111 0 1111 
1110 1 0000 1 0000 
1111 1 0001 1 0001 

0011 0011 0 0110 0 1100 0011 
0100 0 0111 0 1101 
1011 0 1110 0 1110 
1100 0 1111 0 1111 
1101 1 0000 1 0000 
1110 1 0001 1 0001 
1111 1 0010 1 0010 

0100 0100 1000 1110 0100 
1011 
1100 
1101 
1110 
1111 

1 
1 
1 
1 

1111 
0000 
0001 
0010 
0011 

1 
1 
1 
1 

1111 
0000 
0001 
0010 
0011 

1011 1011 
1100 
1101 
1110 
1111 

1 
1 
1 
1 
1 

0110 
0111 
1000 
1001 
1010 

1 
1 
1 
1 
1 

0001 
0010 
0011 
0100 
1011 

1100 1100 1 1000 1 0010 1100 
1101 
1110 
1111 

1 
1 
1 

1001 
1010 
1011 

1 
1 
1 

0011 
0100 
1011 

1101 1101 
1110 
1111 

1 
1 
1 

1010 
1011 
1100 

1 
1 
1 

0100 
1011 
1100 

1110 1110 1 1100 1 1100 1110 
1111 1 1101 1 1101 

1111 1111 1 1110 1 1110 

according to  the  rules  t w o  t  components  plus  the  carry 
Thus  in  r ig -  > b inary  addi t ion .  - -  ^  ^  ± g  &  g u m  d - g i t  a n d  a  c a r r y >  

from the  previous  sum <i c ircuit  for  adding the  2  components ,  
the  lat ter  being del ivered to  the  c ircui  
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2*A 2*8 

LA a 
2A 2B 

LA 
+ HM- CARRY 

STORAGE 

TRANSLATOR 
(FIG. 4.10) 

Fig. 4.8—Block diagram of 
static add circuit, 

The combined output of the 

four parallel circuits repre

senting the binary sum, is 

delivered to a translation 

circuit, Fig. 4.10, for con

version to 2*,4,2,1 notation. 

The possible binary sums and 

their 2*,4,2,1 equivalents 

are listed in Table 4.2. The 

static add circuit does not 

produce an output instan

taneously, because the capacity in the voltage dividers delays the carry 

numbers passing from one binary add circuit to the next and retards the 

setting of the gates in the translator. This is the reason for using 

Az pulses to read sums from the adder into trigger pair storage, prior 

to recording on the C transfer channel. 

The cycling circuits for addition are under control of the operation-

code 1. Since a subtraction is treated as the addition of a negative 

number, the same code is supplied by the instructional tape preparation 

table when either an add or subtract operation is selected. In the 

latter case the B transfer sign is automatically inverted. For an ad

dition coded on line n, the A and 5 control voltages cause numbers to be 
selected from storage 

and recorded on the A and 

B transfer channels. 

Since the voltage corres

ponding to operation-code 

1 is also available for 

one cycle starting at 

blank number time, cycle 

n, it must be delayed 

in order to control the 

addition of the selected 

quantities during blank 

and 0 number times, 

cycle n+1. The delay 

circuit, Fig. 4.11, makes 

the command available 

for one cycle starting, 

arbitrarily, at 2 number 

CARRY FROM 
PREVIOUS SUM 

<L«0 

IHMI 
CARRY TO ADD CIRCUIT 

FOR 2 COMPONENTS 

(H« I) 
SUM TO 

TRANSLATOR 
CIRCUIT 

4.9—Add circuit for 1 components. 
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(H s I) 

(M • It |lM • IJ 

CARRY 

tH 5 1) 

Fig. 4.10—T r a n s l a t o r ,  

t ime,  cycle  n .  Simi lar  
c i rcui ts ,  inc luded in  
? ig .  4 .11,  delay  the  
:ommands for  double-
iccuracy addi t ion ,  
)pera t ion-codes  3  and 
1,  and s ign-choice ,  
jpera t ion-code 5 ,  s ince  
these  commands,  when 
Siven on cycle  n ,  a lso  
require  the  use  of  the  
dder  on cycle  n  + 1 .  

OP. 4 OP. 5 

Fig. 4.11—D e l a y  circuit f o r  
operation-codes 1, 3, 4, 5. 

er  on cycle  r.  •  t h e  d e l a y e d add command permits  
Dur ing b lank number  t ime^  ̂  ̂  ̂  ̂  ̂  ̂  a l r e c t  

le  1  and sun atora  t ransfer  channels  to  the  s ta t ic  add 
• Inver t  a . te ,  leadln K  fro. theJra^^ ^  ^  

ircul t .  The numbers  ae  e  b e  l r a l l n g  with  the  lowest  order  d ig i t s .  
•e  added ser ia l ly  in  d ig i t  pai r  ,  
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Each sum digi t  i s  del ivered direct ly  to  the t r igger  pairs  leading to  
the C t ransfer  channel ,  while  the carry i s  s tored in  a  t r igger  pair  
leading hack to  the adder .  A z  pulses  coming from the gate  c i rcui t  shown 
in  Fig.  4 .12 are  used to  read the carry numbers  during 1-16 digi t  t imes 
into a  t r igger  pair ,  while  cont inuous A 1  pulses  advance the carry numbers  
in  the fol lowing digi t  t ime to  a  second t r igger  pair  feeding the add 
c i rcui t .  Thus the carry number resul t ing from the s ixteenth digi t  pair  
sum, the end-around carry,  wil l  be added to  the s igns in  the fol lowing 
17 digi t  t ime.  The sum of  the  s ign digi ts ,  including the end-around 

BLANK |-I6 
NUMBER DIGIT 

TIME TIMES 
(LOW) (LOW) 

OP. I 
DELAYED 

OP. 3 OP 4 
DELAYED DELAYED 

A2 PULSES 

GATED A2 PULSES 
FOR CARRY STORAGE 
(TO FIG 4.5) 

TO GATE FOR RETURNING SUM TO 
ADDER FROM C TRANSFER CHANNEL 
(FIG 4.5) 

Fig.  4.12— A d d e r  c y c l i n g  c i r c u i t s .  

carry,  wil l  then be 0  or  9  for  a  posi t ive or  negat ive sum, respect ively.  
I t  should be noted that  this  system causes  the difference between two 
ident ical  quant i t ies  to  be recorded as  a  negat ive zero.  The 2* component  
of  the  digi t  represent ing the sum s ign is  read into a  t r igger  pair  by 
the 17 A 2  pulse ,  Fig.  4 .13,  and in  the fol lowing number t ime wil l  control  
the direct  and invert  gates  leading from the c t ransfer  channel  to  the 
adder .  

During 0 number t ime,  cycle  n i l ,  the sum on the <7 t ransfer  channel  
i s  played back and del ivered through a  pentode gate  to  the adder  as  
addend,  to  pick up the end-around carry.  Zeros are  suppl ied as  the 
augend,  s ince the gates  from the A t ransfer  channel  are  closed The sum 
i s  no.  sent  on e i ther  direct ly  or  Inverted,  depending on the sum s ign 
to  the <7 t ransfer  channel .  The sum s ign i s  also recorded on the channel  
as  the seventeenth d igi t .  After  0  number t ime,  the 0 regenerat ion 
gate  i s  opened,  causing the (7 p layback output  to  be regenerated and 
made cont inuously avai lable  for  re turn to  fas t  s torage.  '  
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The  exceed-capac i ty  a la rm c i rcu i t  s tops  the  ca lcu la tor  i f  a  sum,  x ,  

fa l l s  ou ts ide  the  range ,  -9999  9999 9999 9999 <  x  < 9999 9999 9999 9999.  

The  c i rcu i t  makes  use  of  the  fac t  tha t  an  excess ive ly  la rge  or  smal l  

sum causes  the  sum of  

the  s ign  d ig i t s ,  a t  17  

d ig i t  t ime ,  to  be  1  or  

8 ,  respec t ive ly .  In  bo th  

these  cases ,  the  1  com

ponent  o f  the  sum d ig i t  

d i f fe rs  f rom the  o ther  
three  b inary  components ,  

whereas  usua l ly  a l l  four  

b inary  components  o f  

the  sum d ig i t ,  0  o r  9 ,  

a re  the  same.  The  
c i rcu i t  shown in  F ig .4 .13  

compares  the  1  component  

wi th  on ly  one  of  the  

other  th ree ,  namely ,  the  

2*component .  When these  

are  no t  the  same,  the  

pentode  ga te  se rv ing  as  

a  t r igger  pa i r  pu l le r  
tube  wi l l  be  open ,  per 

mi t t ing  the  17  A 2  pulse  

to  t r ip  the  t r igger  pa i r  

and  sound an  a la rm.  The  

c i rcu i t  i s  d i sab led ,  
however ,  dur ing  a  double-

accuracy  addi t ion .  

To per form a  double-
accuracy  ( th i r ty - two 

dig i t )  addi t ion  us ing  
the  adder  jus t  descr ibed  

requi res  four  cyc les  of  .  
nf  coding  for  th i s  opera t ion  a re  suppl ied  machine t ime .  The  four  l ines  o t  coding  r  

• +  , , /» t  i  nna l  t ape  prepara t ion  tab le  when the  key  au tomat ica l ly  by  the  ins t ruc t iona l  iape  v  
n A a1i imn i t s  se lec ted ,  a long  wi th  keys  fo r  the  marked © in the  "opera t ions"  co lumn i s  se iec ie  ,  g  

4 4n t r  the  low-order  d ig i t s .  For  example ,  the  order  
s torage  reg is te rs  conta in ing  th  

± 1 1  S U nply  the  coding  to  add  the  numbers  
ind ica ted  as  "* 0  © l/ 2  = 2  3 w i i i  8  p p  J  

<5>— OP. 4 
DELAYED 

TO FIG 4.5 

TO C REGENERATION 
GATE (FIG. 4.5) 

Fig .  4 . 1 3  — E x c e e d - c a p a c i t y  c h e c k  a n d  
s u m  s i g n  s t o r a g e  .  
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having low-order digi ts  stored in x Q  and y 2 ,  and high-order digi ts  stored 
in  x 5  and y 7 ,  respectively.  The low- and high-order sum digi ts  wil l  be 
recorded in z  3  and sg .  The algebraic s ign is  stored twice,  with both the 
low- and high-order digi ts .  

The addit ion is  performed in the fol lowing way.  First ,  the low-order 
d igi ts  or  their  nine 's  complements are added,  and the sum is  stored.  
Then the high-order digi ts  are added,  along with the carry from the lov-
order digi ts ,  and this  sum is  stored.  To pick up the end-around carry,  
the low-order sum is  now returned to the adder,  and is  recorded on the 
0 t ransfer  channel  direct ly or  inverted,  depending on the sum sign.  
Final ly the high-order sum is  added to the carry,  i f  any,  from the low-
order sum, and then recorded on the C t ransfer  channel  under control  of 
the sum s ign.  

I t  wil l  be recal led that  in sixteen-digi t  addit ion,  the augend and 
addend are added during blank number t ime.  During 0 number t ime the SUB 

is  returned to the adder,  to pick up the end-around carry.  However,  in 
double-accuracy addit ion the adder is  used only during blank nuaber 
t ime.  The carry result ing from the addit ion at  16 digi t  t ime is  left  
in  the adder,  to  be added during the fol lowing blank number t ime to the 
new augend and addend.  

Of the four l ines of coding involved in a double-accuracy addit ion,  
the f i rs t ,  requir ing that  the low-order digi ts  be added,  and the second,  
requiring that the high-order digits be added, both contain operation-

code 3.  The third l i„ e ,  returning the low-order sum to the adder  to 
pic  up the end-around carry,  and the fourth,  returning the high-order 
sum o he adder,  both contain operat ion-code 4.  These commands are 
delayed in the circuit  of  Fi^ 4 11 oo « 

T T  .  .  ,  „ l g '  4 , 1 1  a s  Previously mentioned.  
Under control  of  the delaveri  

thp M I I — V  + .  g e  c o r r e sPonding to operat ion-code 3,  the numbers on the A and B . 

during blank number t ike as in T '  C h*n n e l '  «•"««« *• »h.  
returned to the adder during On b " 8" 'adltl0n- "" S"" "0' 
tranafer channel and then returned tT fatT't"" °n "* ' 
fro. the addition at 16 digit time i, dd'"6 Carr" 

The delayed voltage corresponding , * 
gate from the a  t ransfer  channel  To °  °P e r a t l o n- c o d e  4  °P e I» t h e  d l r K t  

the usual  *  sign control  „hen the ,  '  4 '4 '  
returned to the adder to pick nn °W~ *** h l g h"o r d e r  S U I D  d i« i t s  a r e  

the A t ransfer  channel  and supplied^ n U m b e r S* Z e r o s  a r e  ^corded on 
given by the instruct ional  t l  a U g e " d '  ^  C ° d e  ' 1 5 *  h a V l n g  6 6 6 1 1  

operat ion-code 4,  pui s e s  are sated^*1*3*4°" t & b l e '  U n d e r  c o n t r o 1  ° f  

gated through the circuit  in Fig.  4.12,  in 
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order to store carry numbers in the adder. The sum digits are recorded 

either directly or inverted, depending on the sum sign. The gates leading 

to the sum sign trigger pair are closed since the sum sign has already 

been computed and must not be altered. 

When more than thirty-two digits of accuracy are required, three or 

more registers must be used to store each complete quantity in the calcu

lator. An addition of such quantities may be coded by adding the suc

cessive groups of sixteen digits under control of operation-code 3, to 

form sixteen-digit partial sums. These must then be returned to the 

adder under control of operation-code 4, to pick up the end-around carry 

and to invert negative sums to the usual form, a positive absolute value 

followed by the algebraic sign. It may be noted that when two positive 

quantities are being added, there will be no end-around carry and no 

conversion from nine's complements. Therefore, the time for a high-

accuracy addition of two positive quantities may be halved, since it is 

sufficient to form the successive sixteen-digit sums under control of 

operation-code 3, using operation-code 1 on the last line as a check 

that the sum is not excessively large. In this connection, it is ad

visable in high-accuracy work to multiply only positive absolute values 

and to supply the proper product sign afterwards, since this permits the 

high- and low-order product digits from each sixteen-digit multiplication 

to be summed under control of operation-code 3 alone. 

In a sign-choice operation, operation-code 5, the number selected by 

the B codes is multiplied by the sign of the number selected by the A 

codes. As may be seen from Fig. 4.4, the delayed voltage for operation-

code 5 causes the number on the B transfer channel to be read to the 

adder either directly or inverted depending on the product sign, not 

the B sign. As both of the gates from the A transfer channel are closed, 

the number or its nine's complement is then added to zeros and recorded 

directly on the C transfer channel. The product sign is also recorded 

and stored in the trigger pair usually reserved for the sum sign. During 

0 number time, the quantity on the C transfer channel is returned to the 

adder and then recorded either directly or inverted, depending on the 

product sign. 
This concludes the descriptions of circuits immediately associated 

with the adder and employed in the operations of addition, subtraction, 

double-accuracy addition, and sign-choice. In considering the multi

plication circuits, the main components of the multiplier will be 

described first, followed by a discussion of the cycling controls and 

the operation of particular circuits. 
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M U L T I P L I E R  D I G I T  
2* 4 2 I 

1 1 I I 

Referring to Fig. 4.14, an over-all diagram of the multiplication 

circuits, it is seen that the multiplicand, having been selected from 

storage and recorded on the B transfer channel, may be gated to the 

record unit for the decimal channel labeled MC. The sixteen multi

plicand digits, once recorded, are regenerated on the MC channel, since 

the record and playback pole pieces on this channel are separated by 

15.3 digit times. The input to the MC record unit also feeds a static 

multiply circuit, causing the multiplicand digits to be delivered there 

serially, starting with the lowest order digit, and continuously, as 

long as either the input gate or the regeneration gate is open. 

The decimal channel labeled MP in Fig. 4.14 stores the digits of the 

multiplier, coming from the A transfer channel. The lowest order digit 

of the multiplier is gated to trigger pairs in the static multiply 

circuit, where it will be used to multiply all sixteen multiplicand 

digits. Because the record and playback pole pieces on the MP channel 

are 14.3 digit times apart, each digit of the multiplier is played back 

fifteen digit times after it 

is recorded and may then be 

gated back to the record unit. 

Thus at intervals of sixteen 

digit times, the second, 

third, ..., sixteenth multi

plier digits will be played 

back and gated to the trigger 

pairs of the static multiply 

circuit, where each will 

multiply the multiplicand 

digits. 

In a single digit time, 

the static multiply circuit, 

outlined in Fig. 4.15, computes 

the product of one multiplier 

and one multiplicand digit. 

By means of vacuum-tube pyra

mids, Fig. 4.16, the entering 

digits are translated to 

decimal notation and delivered 

to the gates, Fig. 4.17, which 
serve to multiply the two digits. The output leads from the gates are 

connected as shown in Figs. 4.18 and 4.19, to deliver the product in 

T R I G G E R  P A I  
S T O R A G E  

* 

5* 

* Ao* 
* t 0> 

l.A 

1, 

Fig. 4.15—Block diagram of 
static multiply circuit. 
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2*,4,2,1 notation. In each product the ten's digit is referred to as 

the left-hand component, and the unit's digit as the right-hand component. 

Two static add circuits, #1 and #2, are provided for combining 

successive left-hand and right-hand components to obtain the thirty-

two product digits. Adder #1 is the same circuit used for the operations 

of addition, subtraction, double-accuracy addition, and sign-choice. 

Adder #2 is a duplicate circuit, with special controls on the storage 

of carry numbers as will be described later. 

Left-hand components from the static multiply circuit are delivered 

to adder #1, where they are added to sums from adder #2 to form partial 

2* 4 2 1 

Fig. 4.16—Translation pyramid. 

products. These are recorded on the decimal channel labeled PP, and 

played back after a delay to adder #2, where they are added to right-

hand components coming from the static multiply circuit. This provides 

the shift necessary to add the left-hand component resulting from the 

first product, for example, to the right-hand component resulting, 

sixteen digit times later, from the product of the second multiplier 

digit and the first multiplicand digit. 

The decimal point shift circuit stores the thirty-two product digits 

resulting from one multiplication. The final low—order product digits 

are recorded there in the course of a multiplication, and on the MP 
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72, 

Fig. 4.17—Multiplication circuit. 
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channel as well, In place of used multiplier digits. Because of the 

spacing between record and playback pole pieces on the MP channel, the 

low-order product digits are advanced, or precessed, until at the end of 

a multiplication they are recorded at consecutive digit times, even 

though introduced at intervals of sixteen digit times. Then the high-

order digits are delivered from the PP channel to the decimal point 

shift circuit, which selects the sixteen digits at the operating 

decimal point. Under code control, the circuit will also select the 

Fig. 4.18—Left-hand component of product. 

high-order product, the low-order product, or the digits with decimal 
point between columns 16 and 15. 

Referring to Fig. 4.20, it is seen that by recording the complete 

product on one or two of the five decimal channels having pole pieces 

spaced as shown in the diagram, the selection of product digits may be 

made by choosing the proper one of seven playback pole pieces. Relays 

energized by the manual setting of the operating decimal point provide 

connections from the associated playback pole piece to the gate for 

products at the operating decimal point. Relay connections are also 

made to one of the record pole pieces on the four channels at the right 

when the operating decimal point is between columns 15 and 14, 13 and 

12, 12 and 11, or 10 and 9. However, the product is recorded on the 

channel at the far left independent of the choice of operating decimal 
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point, since the playback pole pieces on this channel deliver the digits 

which are available under code control. Because of the upper and lower 

record pole pieces on the channel at the left, the product digits are 

recorded on both halves of the drum periphery and may be called for by 

code regardless of the drum phase. 

A multiplication is performed under control of operation-code 2. When 

the button labeled nx" is selected on the instructional tape preparation 

table, three lines of coding are supplied automatically. The first of 

Fig. 4.19—Right-hand, component of product. 

these contains operation-code 2, while the second and third are blank 

(all zeros) to allow the time required to compute the product of the 

numbers selected by the A and 5 codes on the first line. The product 

will be delivered to the C transfer channel at the operating decimal 

point. However, if the high-order product, the low-order product, or the 
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A A A 3 1 , 7 — 1 Ti^ iJ  t ,«—H G t 7 E  I  t „—»|  s»re  |  
'f 0  IQ/9  I t / I  I  U/ l t  I» / |4  i t /n  „ m  

OMIT 
ROUND 
(TO FIG 

OUTPUT TO PLAYBACK UNIT FOR MP CHANNEL 

OFF—r* I 
4 15) Lnnp- ,  

r l  H | 
09 01* o « !  
'  99 ̂  

OK) 
• r r s  OfS oT:  

Anrv  
OH 014 o f j  

F ig .  4 .20-Decimal point shift circuit. 

dig i t s  wi th  dec imal  po in t  be tween  co lumns  1  

codes  402 ,  403 ,  o r  406 ,  respec t ive ly ,  mus t  be  

17 DIGIT TIME 

I  
NUMBER TIME" 

NUMBER TIME ' 

BLANK NUMBER 
Tl ME 

"̂ ©9  ̂ .(S* 

(SCREEN) 

OP. 2 

-<5)» 

^5). 

J® '  

:©• 

• ® r < g ) ^  

• CONDUCTING IN RESET POSITION 

^FROM CONTROL GRIDS OF RING TUBES 
3  12 IP  

U(pJ L(<pJ L(̂  

Fig .  4 .21-J l u l t i p l i e r  r i n g  o f  t e n .  

-  'A, ,  4  
NUMBER 

TIME 

6 and  15  a re  des i red ,  the  

g iven ,  e i ther  on  the  th i rd  

l ine  of  the  mul t ip l i 
ca t ion  or  a f te r  the  

mul t ip l ica t ion  has  been  
comple ted .  

The  p r inc ipa l  cyc l ing  
vo l tages  requi red  in  a  

mul t ip l ica t ion  a re  ob

ta ined  f rom a  r ing  of  

t en ,  F ig .  4 .21 ,  which  

i s  in  the  rese t  pos i t ion  
when tubes  6 ,  7 ,  8 ,  9 ,  

and  0  a re  conduct ing .  

The  vo l tage  cor responding  
to  opera t ion-code  2  opens  

a  pentode  ga te ,  admi t t ing  

the  1  4 ,  pu lse  dur ing  
4  number  t ime  to  the  

sc reen  gr id  of  tube  1  

and  advanc ing  the  r ing  
to  pos i t ion  1 .  The  t iming  
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diagram, Fig. 4.22, indicates the ring positions during one multipli

cation, and the duration of the cycling voltages, m, derived 

from the ring tubes. 

At the start of a multiplication, 1 digit time, 4 number time, cycle 

n, a timing scheme is adopted composed of sixteen "multiply" number 

times, each containing just sixteen, rather than twenty digit times. To 

deliver a voltage during the last digit time of each multiply number 

time, pulses recorded at sixteen-digit intervals in two channels on 

drum 7 are delivered to playback units. The output derived from one 

or the other channel is selected by the circuit in Fig. 4.23, depending 

on the drum phase at the start of the multiplication. The drum phase, 

indicated as an "even" or "odd" half-revolution, is also determined 

CYCLE n + I n + 2  n + 3 

NUMBER TIME 

RING POSITION 0 
1 
2 
3 
4 
5 
6 
7 
S 
9 

m, 
m, 
m, 

Fig. 4.22—Timing for multiplier ring. 

from channels of pulses on drum 7. The circuits in the lower portion 

of Fig. 4.23 deliver gated pulses occurring at various digit times, as 

required by the multiplication cycling. Further control voltages are 

generated in the circuits of Figs. 4.24 and 4.25, under control of the 

ring and the pulses from Fig. 4.23. 
By considering the over-all diagram of the multiplication circuits, 

Fig. 4.14 in conjunction with the timing diagram, Fig. 4.26, for the 

control voltages i, , t2 *i 8, a detailed study of the steps involved 

in one multiplication may be made. To illustrate the flow of digits, 

an example has been carried out In Table 4.3 for a four-column multiplier 

having the same controls as the unit Included In the calculator. In 

the example, the circled digits are the carry numbers resulting from the 

last addition performed In adder #2 during each multiply number time. 

Each of these must be added not to the Policing sum In adder #2, but 
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In adder #1 to the last left-hand component produced in each multiply 
number time. This is accomplished through the circuit shown in Fig. 4.27. 

D R U M  P H A S E  

A 2  P U L S E S  

Fig. 4.23—Mult i p l t e r  c y c l i n g  v o l t a g e s .  

During the last digit time of each multiply number time, the regular 
trigger pairs for the storage of carry numbers from adder #2 ere reset 

y an 2 Pulso' »na carry number is advanced to trigger pair 9 
instead. In the following digit time it is advanced to trigger pair 3 
Here there is  no coincidence vith a sum from adder #2 „ f! ! I' 
output at this time, being a final product ̂  
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TABLE 4 3 

Digit Flow in Four-Column Multiplier 

4321 x 9876 • 42674196 

Multiply Number- Time 1 Multiply Number Time 2 Multiply Number Time 3 

Digit Tim* t 2 3 4 1 2 3 4 1 2 3 4 
A1 A A 2  A ,  A  A g  A, * A 2  A | R A 2  A, R A2 A, R A 2  A, R A 2  A, R A z  A, R A2 A, .9 A, A, R A2 A, R A2 

la Statle (M P  6 7 8 
Multiplier IHC 1 2 3 4 1 2 3 4 1 2 3 4 
U to Adder #2 6 2 8 4 7 4 1 8 8 6 4 2 
PP to Adder #2 0 0 0 0 2 9 5 2 3 8 2 3 
r.p. i 0 9 1 
r.p. s 6 9 1 
Dee. Pt. Shift Ckl. 6 7 8 0 6 8 9 6 9 9 6 9 
r.p. 3 2 8 4 (0) 3 7 0 © 5 7 5 
f.P. 4 d Adder #1 2 8 4 (°) 3 7 0 (0 5 7 
u to r.p. a 0 1 1 2 0 1 2 2 0 1 2 3 
r.p. 6 0 1 1 2 0 1 2 2 0 1 2 
f.P. 7 A Adder #! 0 1 1 2 0 1 2 2 0 1 
r.p. a 2 9 5 2 3 8 2 3 5 8 
w 2 9 5 2 3 8 2 3 5 

TABLE 4 3 (continued) 

Multiply Number Time 4 Start of Standard Number Time 

Digit Time . 1 2 3 4 1 2 3 4 5 
A ,  A  A 2  A ,  A  A 2  A ,  a A 2  A  ,  a A 2  A ,  A  A 2  A ,  a A 2  A, A  A 2  A ,  A  A 2  A  i A A  2  

In Static (MP 9 0 
Multiplier lire 1 2 3 4 0 
MM to Adder #2 9 8 7 6 0 0 0 0 0 

PP to Adder #2 ft 8 7 3 7 6 2 4 0 

f.P. 1 4 7 6 2 4 

f.P. 2 4 7 6 2 4 

Dec. Ft. Shift Ckt. 1  6 9  1  4 7 6 2 4 

f.F. 3  7 5  0  © 0  

F .P. 4 a Adder fl & (0) 7 5 0 © 0 
lm  to r.p. a 0 1  2 3 0 0 0 
r.p. e 3  0 1 2 3 0 0 

f.P. 7 a Adder #1 2 3 0 1 2 3 0 0 

r. p .  s 7 3 7 6 2 4 0 0 

MP 8 7 3 7 6 2 4 0 0 

_complete 
product 

pai r  1 .  The  car ry  number  i s  then  advanced  to  t r igger  pa i r  4 ,  and  added  

in  adder  #1  to  the  proper  de layed  l e f t  hand-component .  
I t  should  be  no ted  tha t  in format ion  may be  ga ted  th rough any  one  of  

f ive  c rys ta l  r ec t i f ie r  c i rcu i t s ,  F igs .  4 .14  and  4 .20 ,  to  the  p layback  
uni t  genera l ly  assoc ia ted  wi th  the  MP channel .  Under  cont ro l  of  t 1 2 ,  the  
ga te  fo r  the  p layback  po le  p iece  on  the  MP channel  i s  kept  open  a t  a l l  
t imes  except  b lank  and  0  number  t imes ,  cyc le  n+3,  o f  a  mul t ip l ica t ion .  

At  th i s  t ime ,  the  c i rcu i t  of  F ig .  4 .25  de l ivers  e i ther  t 1 3 ,  t , 4 ,  t 1 5 ,  
or  t | 6  ins tead ,  to  open  ga tes  assoc ia ted  wi th  one  of  the  p layback  pole  

p ieces  in  the  dec imal  po in t  sh i f t  c i rcu i t .  These  ga tes  a re  opened  a t  

the  s ta r t  of  b lank  number  t ime ,  l ike  the  fas t  s torage  p layback  ga tes ,  

to  a l low the  t rans ien ts  in t roduced  by  the  ga t ing  vol tages  to  d ie  ou t .  
Dur ing  0  number  t ime ,  the  se lec ted  product  d ig i t s  a re  de l ivered  f rom 

the  p layback  un i t  th rough adder  #1  to  the  C t ransfer  channel  under  
cont ro l  o f  t 1 7 .  The  same cont ro l  vo l tage  causes  the  a lgebra ic  s ign  of  

the  product ,  p rev ious ly  computed  in  the  A and  B s ign  s torage  c i rcu i t s  
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16 DIGIT TIME I DIGIT TIME OF RECORD 
A,  PULSES FOR MULTIPLIER MULTIPLY NO. TIMES A,  PULSES PULSES 

Fig. 4 . 2 4 r - 4 t u l t i p l t  e r  c o n t r o l  v o l t a g e s  * 3 - $ , , .  

and stored in a trigger pair, Fig. 4.28, to be recorded on the C transfer 
channel at 17 digit time. 

FROM FIG.  4 .21  

GRIDS OF RING TUBES 

Fig. 4.25—M u l t i p l i e r  c o n t r o l  v o l t a g e s  t 1 2 - t l g .  
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MULTIPLY 
n u m b e r  T I M E  

c y c l e  I  n  

MACHINE 
NUMBER TIME 

I* 

Fig. 4.26—Timing of control voltages for over-all diagram. 

C A R R Y  F R O M  A O O E R  N O .  2  

» •  |  L I N E  
2 * .  4 .  2  L I N E S  ( F | ( J  4  | 4 )  

( F I G  4  1 4 )  

Fig. 4.27storage of carry numbers, adder #2. 
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PROOUCT SIGN 
(H  =  + )  

FROM FIG .  4 . 4  

<5> 

r® 

2*  LINE 
FROM A D D E R  

( F I G .4  5 )  

(FROM FIG .  4 . 21 )  

17  
DIGIT  
TI ME 

-<3)-

Except  when the high-order or  low-order product  digi ts  are selected 
or  when the operat ing decimal point  is  between columns 1 and 0,  the 
products are rounded off in adder #1 before being recorded on the C 

t ransfer  channel .  Under control  of  t ,8 ,  a high voltage is  delivered 
to the 2* l ine of the addend at  0 digi t  t ime,  0 number t ime,  just  before 
the lowest  order product  digi t  arr ives.  Then i f  the digi t  preceding 
the lowest  order digi t  is  5 or  greater ,  a  carry of 1  wil l  be generated 
and added to the lowest  order digi t .  

As may be seen from Fig.  4.25,  voltages t ,5 ,  t ,  5 ,  t ) ? ,  and t ) g  

are del ivered independent  of  the mult ipl ier  r ing,  when the codes A02 ,  

A03, and A06 are given.  
This  makes i t  possible to 
read the associated groups 
of  product  digi ts  to the 
C t ransfer  channel  af ter  a 
mult ipl icat ion has been 
completed and the r ing has 
s topped cycling.  No B code 
or  operat ion-code is  given 
with a code A02,  A03 or  
A06,  s ince the selected 
product  digi ts  wil l  not  
be available in t ime to 
ini t iate  any ari thmetic 
operat ions.  

This  chapter  concludes 
with a  discussion of the 
zero-counting circuit  pro
vided to faci l i tate  normali
zat ion,  as  this  is  an 

ar i thmetic unit  in  the sense that  digi ts  are counted and the results  
made available for  further  computat ions.  Under control  of  code A07,  
the quanti ty selected from storage by the B codes wil l  be del ivered to 
the circuit  shown in Fig.  4.29.  The output  of  the circuit  is  the number 
of  zeros,  00-15,  to the lef t  of  the f i rs t  non-zero digi t  of  the entering 
quanti ty.  This  normalizing control  number may be del ivered,  in columns 
14 and 13,  to the B t ransfer  channel  under control  of  code 513*.  The 
choice of columns 14 and 13 makes i t  possible to read the number direct ly 
to the i  register  to ini t iate  a shif t ing operat ion.  

The zero-counting circuit  consists  essential ly of an input  r ing of 

2*  LINE TO C  
T RANS F E R CHANNEL 

(F IG .  4 . 5 )  

Fig.  4.28-Product sign storage, 
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four,  a  counting ring of  ten,  two tr igger pairs ,  and a number of  gates .  
The c ircuit  i s  reset  by the A 2  pulse in 0 digit  t ime.  In the fol lowing 
digit  t imes,  each zero digit  coming from the B transfer channel  gates  
an A z  pulse to  the suppressor grids of  tubes 0  and 2  in the f irst  ring,  
advancing the r ing to posit ion 1 or 3.  The fol lowing A 1  pulse advances 
the r ing to posit ion 2 or 0 .  As the control  grids of  tubes 1 and 3 are 
connected to  the suppressor grids of  the odd and even tubes in the second 
ring,  each zero digit  from the B  transfer channel  effect ively advances 
the second ring one posit ion.  Each non-zero digit  from the B  transfer 
channel  gates  an A 2  pulse to  the reset  l ine,  returning the rings and 
tr igger pairs  to  their  reset  posit ions.  Thus s ince the quantity from 
the B  transfer channel  arrives  serial ly  start ing with the lowest  order 
digit ,  the c ircuit  wil l  be reset  by the highest  order non-zero digit .  
The r ing of  ten wil l  then be advanced one posit ion for each of  the 
fol lowing zeros,  the f inal  r ing posit ion indicating the number of  zeros 
to  the left  of  the f irst  non-zero digit  in the entering quantity.  

When the ring of  ten reaches the ninth posit ion,  indicating that  nine 
successive zeros have been counted,  tr igger pair  1 i s  tripped.  If  the 
fol lowing digit  from the B  transfer channel  i s  also zero,  making ten 
zeros,  tr igger pair  2 i s  tripped.  Thus in the output of  the circuit ,  
the posit ion of  tr igger pair  2 indicates  whether the number of  zeros 
counted i s  less  than ten or ten or greater,  while  the posit ion of  the 
second ring indicates  the unit 's  digit ,  0-9,  in the number of  zeros 
counted.  The output i s  avai lable  unti l  another quantity i s  del ivered 
to the c ircuit .  



CHAPTER V 

THE ELEMENTARY FUNCTIONS 

Provisions are made within the calculator for automatic computation of 
the elementary functions a log, 0 », 10x, cos X and tan x. 
The theoretical basis of the computations will be discussed in this 
chapter, followed by descriptions of the associated circuits required in 
the calculator. Complete ooding instructions for the functions are given 

at the end of the chapter. 
The function af1 is computed by an iterative method using the Newton-

Raphson formula, 
r ( i „  

m (D 2 

Vhen specialized for the case, 

/(a) = x -

the formula yields an express ion ,  

— Z (2 - XB ) , ( 3 ) *m + 1  =  rn>> 

-1 Tf the error in a first approximation is 
vhich converges toward x . If th 
represented by «/x, giving 

1 + e 

CQ O II i 
H >• 

results in the following 
2 1 - e* 

" X 
1 - e4 

z 2 ~ X > 

p TTl 
l - e* 

( 3 )  

val 1 < x < 10' 11 follOWS that 

r is assumed to lie in the inte^*uraC~ by a machine of P columns 
procals may be  computed  to ful 
city in m iterations, provided t 

_p 2-ro (-4-' 
| e |  <  ( 5  x  1 0  >  

„ it is necessary to find a first 
>re applying the iterative proce , 1±ty wiu be satisfied, 
•oxlaation, such that the  forego ing  
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To do this, set 

1 + e(x) n-1 sn = —- = a, + a 0x + •••+ a x o x id n 

Then, 

e(x) = -1 + a-jX + a2x2 + ••• + a^xn. 

The value, \e (x)\, can he made as small as possible throughout the iiLCL X 
whole of a certain subinterval of the range 1 < x < 10 if e(x) is repre

sented by a Tchebychef polynomial1, which has the property, 

lemaJ = Mxo)| = M*i)| = !ell = I e2 I = 

where x0 and x 1  are the limits of the subinterval in question, and the 

e(xf)are the n-1 maximum and minimum values of e(x) in that same interval. 

The general Tchebychef polynomial for the interval (x0,x,) is 

T ix) = A cosfn cos-'C2* " *° " Xl)l, 
n n j_ x, - x0 'J ' 

where A n  is arbitrary. For example, when n = 2 

TZ (x) = A2 COS[~2 COS"1 (2X " XL)"1 
L xi ~ x0 J* 

Thus when 

then 

where 

Also, 

where ft = x0/x1 

A2 -
1 " x QY' 

X0Z + 6xqX^ + x, 2' 

e(x) = -1 + a, x + a 0x 2 ' 

a, = 8(xn + x,) 
x0d + 6XQX, + x,2' 

" 8  

® = *r m 

(5) 

2 *0" + 6x0x, + x,2 * (6) 

Ui - x0)2 
x0 + 6XQX, + X12 

(ft - l)2 

ft^ + 6ft + 1' (7) 
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Clearly  an express ion s imilar  to  Eq.  (7)  may be  derived from each 
Tchebyche f  polynomial  of  degree  n.  These  express ions  may be  used together  
with the  Ineq.  (4)  to  re late  the  variables  p,  m,  and h = x 0 /x , .  Since  

must  be  approximately  equal  to  l / lO,  where q i s  the  number of  arcs  
of  degree  n-1  used to  approximate  a Q  in  the  interval  1  <  x <  10,  i t  
fol lows that  a  sui table  study of  the  data here  g iven may be  made to  y ie ld  
that  set  of  a Q  for  which the  total  amount  of  s tored information i s  a  
minimum or  for  which the  number of  ar i thmetic  operat ions  necessary to  
the computat ion of  x - 1  i s  a  minimum, whichever i s  des ired.  Actual ly ,  
this  choice  a lso  depends on the  storage system of  the  calculator  and the  
methods employed for  the  computat ion of  two other  funct ions ,  x and 
log, 0  x.  Hence further  comments  wi l l  be  made af ter  these  funct ions  have 

been d iscussed.  
To compute  the  funct ion x" l / 2 ,  Eq.  ( l )  i s  special ized for  the  case ,  

/ (a  )  =  x  -  - ir .  

Then, 

and a  ,  converges  1 

then,  by Eq.  (8) ,  

l s _ ( 3 - x » m 2 ) ,  ( 8 )  

~  1  / %  Tp 
toward the  value x  .  "  

1  +  e  
s °  =  ITT'  

1 _ 3e 2 /2  (9)  
*1 =  x i /a  '  

1 -  27eV8 
* 2  =  x 1 / 2  

.  1 -  (3 /2) r  e 2 " 
Z m  x 1  / 2  

, n  t h e  interval  1  <  x  <  10,  recogniz ing 
where r  -  f  -  1.  Assume x  U"*"™ x  w i t * i n  t h i s  interval  may 

that  mult ipl icat ion by a  power o  ^ ^  fol lows that  x  may be  
squire  mult ipl icat ion of  * m  ** 1 0  * c o l u m n s  capacity  in  m i ter-
computed to  ful l  accuracy by a  machine 
a Uons,  provided that  

,  r  - p l 2 - m  (10) 
\ e \  <  [5(2/3)  10 1 
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In order to f ind sQ ,  consider  the function,  

e ( s )  = -1 + a ,s  + a 3 s  3 ,  (11) 

and let  a1  and a3  be determined such that  in the interval  sQ  < s  < s  

|  e(s 0) |  = |e(s ,) |  = \ e m \ ,  

where em  is  the maximum value of  the function in the interval  in quest ion.  
I t  may be shown that  

2(s0 2  + 3  Q S  ]  +  s,2)  
+ 2S' (12)  

.  25'  , l 3 )  

0  =  1  2 [ s 0 ^ s ^  +  3 o 3 I 2 )  

m  s o d s )  +  3  o s i2  +  25'  

where 
3 / 2. 

s = |^ s02  +  3  O3  1 + a  1 2  j  

By set t ing h = (s0 /s , )2 ,  i t  fol lows that  

e = 1  2(A -t- VA) 
k  + V* + 2[(A+V/t  + l ) /3]  V2 (14 

I n-f% ( 1 1-V2 S e t  * t 0  °b t a i n  a n  expression for  *0  in the interva 
xo S x  < x]  > namely,  

c  _ 1  + e  
0  x i  / z  ~  a l  +  a  3 X  •  

Inequali ty (10) and Eq.  (14) mav now bP  , ,o^a •  
+ + v.- ,  v .  y  n o w  b e  u s e d  to determine the number 0 constants  which must  be s tored in a machine 

function x- ' /2  is  to te  compute.!  to  fu l l  "1 '  C°1 U n n 5  l f  " 
The computat ion of  the function log .  u r a cJ r  l n  » iterat ions.  

° i  o x  l s  based on the equations 
log,0  x = log1 0  a +  ( iog1 0  e)lB  -  £  +  C - . . .  .  (-I)**'  n 

<3 T  e J + R,  (15 
and 

where 
a  = £  -  1 

a  

" K < l 0 g ' 0  (16)  
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Suppose the interval 1 < x < 10 to be divided into subintervals with 

each of which there is associated a value of a. Further, let the values 

of 1 /a and log, 0 a be stored in the calculator. Assuming xQ < x < x, to 

be one of the subintervals, set 

fo. _ i = _(£iL - i). 
a u 

Then the most appropriate value of a in the interval is 

a = *0 + *1, (IV) 

Hence the maximum value of a in the interval is 

2x. 
s = 
m jiq + 

•J 1 

1 - k (18) 
1 + k' 

where k = xQ/x, . Inequality (16) and Eq. (18) may now be used to de

termine, as a function of the number of constants stored, the number of 

arithmetic operations required for the computation of log,0 *. 
The fact that in the storage system of the calculator ten numbers are 

stored around the drum periphery in one decimal channel suggests that 

the interval 1 < x < 10 be broken into ten subintervals for the three 

foregoing functions. Then by storing constants appropriate to x in each 

interval at the ten number times, a single argument-sensing circuit may 

be used to control the number-time selection on the channels containing 

the parameters necessary to the computations. For simplicity and economy, 

it is desirable to sense only the first two digits of x. On the other 

hand, if the sensing circuits placed no limitation on the design of the 

apparatus, the subintervals should be delimited by the numbers * 

fi0 where i = 10 1/ 1 0, making k = 0.7943 for all intervals. The 

values V are given in Table 5.1, together with certain two-digit 

a rolat'ions more suitable for sensing purposes. The table also I s s 

the values of * resulting from the adoption of the approximate values of 

» I he difference from the theoretical value of * never exceeds 

„ 0443 the approximate limits may be adopted with complete assurance 

that the limitations on the design of sensing circuits due to engineering 
-m not increase the number of stored constants nor the 

considerations will not increase me nf the 
«onni red for the computation ox xne 

number of arithmetic operations required 

functions x , x , and log,0 x- , annroxi-
Using the minimum value of A and assuming that the first appr 

_1 nd x',/2 are to be obtained using polynomials of degree 
mations for x and x are m 

0 
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TABLE 5.1 

Limits of Sensing Intervals 

Interval Theoretical Limits Approximate Limits H 

0 1.000 < x < 1.259 1.0 < x < 1.2 0.833 

1 1.259 < x < 1.585 1.2 < x < 1.5 0.800 

2 1.585 < x < 1.995 1.5 < x < 2.0 0.750 

3 1.995 < x < 2.512 2.0 < x < 2.5 0.800 

4 2.512 < x < 3.162 2.5 < x < 3.0 0.833 

5 3.162 < x < 3.981 3.0 < x < 4.0 0.750 

6 3.981 < x < 5.012 4.0 < x < 5.0 0.800 

7 5.012 < x < 6.310 5.0 < x < 6.0 0.833 

8 6.310 < x < 7.943 6.0 < x < 8.0 0.750 

9 7.943 < x < 10.000 8.0 < x < 10.0 0.800 

two and three, respectively, 

reference to Eqs. (7) and 

(14) shows that 

e - 0.0103 for x m 
em = 0.0039 for i 

- 1  

-1/2 

it With these values of e m'  
(3) and can he seen from Eqs. 

(9) that the number of iter

ations required for the 

improvement of the reciprocal 

and reciprocal square root 

is three in both cases. If 

TABLE 5.2 

First Approximation Constants for x" 

Interval a> ~a2 

0 1.825 726 0.829 876 
1 1.490 683 0.552 105 
2 1.154 639 0.329 897 
3 0.894 410 0.198 758 
4 0.730 290 0.132 780 
5 0.577 320 0.082 474 
6 0.447 205 0.049 689 
7 0.365 145 0.033 195 
8 0.288 660 0.020 619 
9 0.223 603 0.012 422 

r -W2 either approximating polynomial for x"' ,r .ere Increased b, on, 

In degree, ten more constants vould ha»e to be stored. Since the add.. 
multiplication required to evaluate „ vc 

0 w°uld not replace an iterativi 
operation, no gain would be made in speed. 

The values of the constants required for the computation of a"' 

c 1 ̂  l0®'° * « the sensing circuit Is concerned T 
computed from E,s. (5), (.), (12)< (t#) , The,e values ar. 
listed in Tables 5.2, 5.3 and "S a. T 

and 2.0 are required by the iterati " ^ ?>?' 1,# 

factors 1.0 an^ ^ ^ 

root in the event that an even dd' COPreCt ̂  reClPrOCal 9qUar' 
or odd number of columns of shift 
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TABLE 5.3 

First Approximation Constants 

for x~l/2 

Interval a. ~a 3 

0 1.433 410 0.434 967 
1 1.295 342 0.320 499 
2 1.140 234 0.217 933 
3 1.003 367 0.148 954 
4 0.906 568 0.110 039 
5 0.806 267 0.077 051 
6 0.709 488 0.052 663 
7 0.641 041 0.038 905 
8 0.570 117 0.027 242 
9 0.501 684 0.018 619 

polynomials of order 12,13, 

.1 2 3x'° + ̂ x8 - Jr6 + 25^" " 2^ 

respectively, was employed to 

bring the argument into the 

interval 1 < x < 10. Finally, 

the function log! 0 x requires 

that the series coefficients in 

Eq. (15) be made available. 

Sixteen terms of the series 

in Eq. (15) must be retained 

in order to make the maximum 

error in log1 0 x less than 

5x 10~16. However, the twelfth, 

thirteenth, fourteenth, fifteenth 

and sixteenth terms of the series 

maybe removed by using Tchebychef 

.,16, for the interval (-1,1). These are: 

1 105 9 
2048J 

13 
r13(x)-x'3-^tn + TB^9 ~ + T28*5 - Tim*3 + 4095*' 

ruU)-x'*-J*'« + ̂ ,0 - ̂ r*8 + ^ +Tm?Z 

f,5(x) - x' 5 - ̂ x' 3 + ^x1' - + T§&*7 
189.5 4. 35 ^3 _ 
512® Tm^ 

1 
8l92' 

15 
16384' x, 

4j"* • tj-X 
13,„ . 1J.10 ,  ̂+ -

IT* 
SsB®2 + 32768" 

Using these polynomials, Eq. (15) may be rewritte 

• fl % + ••• + (Z i i # ̂ + R 
log,o X - logio o + a0 + o,H 11 + a1 B + 

TABLE 5.4 

uired in the Computation of logi0 * 

0 
1 
2 
3 
4 
5 
6 
7 
I 
9 

1.10 
1.35 
1.75 
2.25 
2.75 
3.50 
4.50 
5.50 
7.00 
9.00 

0.90909 
0.74074 
0.57142 
0.44444 
0.36363 
0.28571 
0.22222 
0.18181 
0.14285 
o.iiin 

09090 
07407 
85714 
44444 
63636 
42857 
22222 
81818 
71428 
11111 

90909 
40741 
28571 
44444 
36364 
14286 
22222 
18182 
57143 
11111 

0.04139 
0.13033 
0.24303 
0.35218 
0.43933 
0.54406 
0.65321 
0.74036 
0.84509 
0.95424 

26851 
37684 
80486 
25181 
26938 
80443 
25137 
26894 
80400 
25094 

58225 
95006 
86294 
11362 
30263 
50276 
75344 
94244 
14257 
39325 
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where 

ao 
= 0.00000 00000 00001 

a1 
= 0.43429 44819 03244 

a2 
= -0.21714 72409 56402 

a 3 
= 0.14476 48273 12253 
= -0.10857 36177 52932 

a5 
= 0.08685 88920 14708 

a6 
= -0.07238 29806 84856 

a7 
= 0.06204 27994 03830 

a 8 
= -0.05423 35532 60322 

a 9  
= 0.04819 56528 39172 

1 0 
= -0.04572 21594 19618 

1 1 
= 0.04177 76646 78944 

1 •R' | < 1.5 x 10" 1 5, 

To simplify the computation of 10^, 

where x is in the range -15 < x < 15, 

the function is considered in the form, 

10x = 10"' ̂lO1 5+ir). 

Then the exponent, 

15+x = m.abc . . . 

is positive for any value of x. To 

compute 10x, the two factors 10°.a 

and 10°*° be... are determined, and 

their product shifted m-15 columns. 

The digit a may he delivered to the 

i register to control the selection 

of 10°-a, provided that the ten values, 

10°*a, Tahle 5.5, are stored on one 

of the constant channels in the calculator 

he evaluated by the series expansion, 

ios = i + t + ̂  + .. 

where 

t = s i0ge io 

and 

. n + 1 
5 < T^TTTWrtJ-

TABLE 5.5 

Constants Required in the 

Computation of 10 X 

o
 
o
 o 

TH = 1.00000 00000 00000 
10°. 1 

= 1.25892 54117 94167 
100.2 = 1.58489 31924 61113 
10°. 3 

= 1.99526 23149 68880 
10°.4 

= 2.51188 64315 09580 
100.5 = 3.16227 76601 68379 
10°.6 

= 3.98107 17055 34973 
IO0-7 = 5.01187 23362 72723 
10°.8 

= 6.30957 34448 01932 
10°. 9 

= 7.94328 23472 42815 

- The factor, 10°,0 be...f may 

(19) 
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As the maximum value of a is 0.1, the value of t does not exceed 0.2303. 
Then twelve terms of the series in Eq. (19) must be retained, making the 
remainder less than 6.04 x 10~17. The tenth, eleventh, and twelfth 
terms of the series may be removed through the use of the following 
Tchebychef polynomials for the interval (0,1): 

_ , 1 o » a . 135 7 £Y«3 
',(*> « *9 " 2*® + T3T®7 " "JET® 

. 81 T 1 
+ 53535® " 131072' 

273„6 1287^,5 
"255 

891 
5T2? 

693 3 
2048® 

270 
8192 :X" 

_ / \ in r q 85 a 25 7 2275 6 ri0(x) - X10 - 5x9 + ^8 . _^7 + _ 
1001:,5 + 2145 4 330 3 
"255"® 2(548^ 2048® 

+ 825 x2 + 53335® 
25 -

53335® + 524288J 

. , . ,, u ,n 209.0 561-r . 935-7 1001-6 , H011-5 rn(x) - x" - -2 '̂° + -JZ-X9 - -32-*b + ~~53r - T28~® + 4595^® 

4719 u 4719 605 2 . 121 - 1 
" 5132® + 53335® " 131072® + 1048576® " 2097152* 

Using these polynomials, Eq. (19) may be rewritten, 

102 = an + a.t + •" + agt8 + B', (20) 

where 

a , = 
a ~  =  

a  , = 

a, = 

a „ = 

1 .00000 
0.99999 
0.50000 
0.16666 
0.04166 
0.00833 
0.00138 
0.00019 
0.00002 

00000 
99999 
00000 
66665 
66701 
32903 
92035 
70747 
78384 

00000 
99970 
03472 
12241 
05326 
70962 
64614 
85410 
16808 

- 1 6  |*.| < 1.04 x 10 

u 1 >qp 0f the polynomial T A x )  lead to Further economies through the use or *ne p j 8 
. ,or Hence Eq. (20) was adopted, requiring 

in excessively large remainder. 
. j + v_„ pnpfficients a., as well as the that the constant storage include the coellicien^s 

values 100-a and log10*, ^r the computation of 10 . 

To evaluate the function 
cos x — cos 
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le t  
|x |  = 2 TTI  + 2  r rJ ,  

where I  is  an integer  and J  a decimal  f ract ion.  I t  fol lows that  

cos  |ar j  = cos  2nJ 

= -cos  (2 r rJ - r t )  .  

Now le t  
4z  = 2rrJ  -  n.  

Then cos  s  may he calculated by the ser ies ,  

2 2  Z h  ( -1 ) n z 2 n  

Since 

cos 2z  = 2cos 2  a- l ,  

i t  is  evident  that  

cos x  = -cos  42 = 1  -  2cos 2  (2a) .  

As the maximum value of  z  is  TT/4 ,  nine terms of  the ser ies  in  Eq.  (21)  
must  be re ta ined,  making 

| a |  < 2.019 x 10" ' 8 .  

Of these terms,  the  eighth and ninth may be removed through the use 
of  the fol lowing Tchebychef  polynomials  of  orders  14 and 16 for  the 
interval  ( -1 ,1) :  

T f t* ^ — /v» 1 2 i 10 ft 147 A 4-Qi A Q  1  
Ta-  -  XT*'  -  KB- 6  -  £gr- * 3"^ -

? , 6U) -  , .6  -  4*" +  f* '*  -  iL 'o  .  ,  

+  32768" 

Equat ion (21)  may then be wri t ten 

cos 2 = aQ  + a 2z 2  + a^z* + . . .  +  a^a 'Z +  R , f  ( 2 2 )  

where 

a 0  = 1 .00000 00000 00000 
a 2  = -0 .49999 99999 99993 

= 0 .04166 66666 66472 
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a6 = -0.00138 88888 86998 

a 8 = 0.00002 48015 78540 

al 0 = -0.00000 02755 52341 

a 1 2 = 0.00000 00020 63047 

I f l '  1  < 4 .  92 x 10" 1 7 # 

Again, further economies through the use of the Tchebychef polynomial 

ri:(i) lead to an excessively large remainder. Hence Eq. (22) was 

adopted as the basis of the computation of the cosine function. The 

constants required for the computation are the values l/2rr, TT/4, TT/2, 

and the series coefficients given above. 

TABLE 5.6 

Sensing Intervals for tan 1 x 

Interval b arc tan b 

0 < |x| < 0.40 

0.40 < |x| < 1.00 

1.00 < |x| < 2.40 

2.40 < |x | < oo 

0.21 

0.66666 66666 66667 

1.5 

4.76190 47619 04762 

0.20699 21942 19821 

0.58800 26035 47568 

0.98279 37232 47329 

1.36380 41325 75076 

The function tan"1 x is computed by using the following relations: 

tan '(-x) = -tan x 

tan"' |x| = tan"1 b + tan"1 » 

|x | - b 
to " —1—L——i—r 

1 + 'X ' i 5 ( 1 )n~1wZn-1 
- 1  W 3  .  W 5  _  . . .  +  i l l L — r  +  S .  

tan to = u> - -3- + "F" 2n_1 

If the range 0 < x < on i. divided into four intervals as shown in 

Table 5.6, then "a value of b and tan"' 1 .ay be associated with any 
i wf w mav be computed, where to < 0.21. The 

argument x, and the value of to may oe r m-
-1 hv the series expansion, in which eleven function tan 1 w is computed by the sen r 

i t h p  r e m a i n d e r  l e s s  t h a n  5  x  1 0  .  F o u r  o i  
terms are required to make the . 

1 i the following Tchebychef polynomials, 
these terms may be removed by us g 

normalized to the interval (-1,1) : 

f15(x) = xi5 . «,i3 + 4B.ii . ^ ~ y&5 + TII*3 " mm*> 
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2171*1 

51 3  17 
4096* 65536*'  

P .  ( - r \  = .19  19 1 7 , 19 . 1 5  665 , 3  .  1729 1 1  2717 ,  627 r ,  
19W ^~x 2~* "64  ̂ + "25^* TU2Z1 + T524* -X 

627 „ 5  ,  285  19 
~ 8T92* +  65536* "  262144*'  

= .21 _ 21 .19 A  189^17 119 15 , 735 ,3 5733 , ,  , 7007 
4^ T6^ "F^* + "64^ " 1354* + 4095 

1287,„ 7  ^ 2079 5  385 3 21  
4396* 65536* "  262144* +  1048576** 

T z , ( , )  =  * 2 1  - ^ ' 9 +  ̂ 1 7  _  1 1 9 ^  

1287^, 7  ^ 2079 5 385 3 21  
""""** 65536* " 262144* + 1048576" 

The series may then be rewritten, 

where 

1  w = a  1 w + a 3w 3 + • • • + a, 3 u' 3  

a 1  
= 0.99999 99999 99983 

CL ^ = -0 .33333 33333 18890 
a5 

= 0.19999 99964 47985 
CLrp = -0 .14285 67570 61678 
a9 0.11108 95377 16742 
a,  ,  = -0 .09025 92174 25174 
a l  3  

= 0.06680 63477 93420 

|* '  1 <  5  x  1 0 ~ 1 6 .  

Thus the constants required for the computation of tan"' * are the .alues 
of b and tan 0 and the series coefficients. As the intervals associ
atedvith b do not correspond to those used vith the functions 
«- / , and log,0 ,, a different technique must be used for sensing the 
arc tangent argument. A digit O, i, 2j or 3 ls co„puted> for , „ts 

in the four intervals 0,1,2,3, resDppfivnin T. -i respectively. Then by storing the values 
b and tan b at number times 0-3 on tun n„„n+ n two constant channels, the i register 
may be used to select the proper values of b and tan"' b 

Based on the theory given above it 3 e' 11 18 Possible to code the functional 
routines in various ways, depending en + v.~ i • ^ , +, +u +J epenaing on the kind of checks to be included 
and on whether the time or the number of line* nf . , ^ tines of coding for each function 
is to be minimized. However, the furrtinmi al coding should always include 
certain features if the corresponding hnttn„c . . . . .  °  t o n s  o n  t h e  i n s t r u c t i o n a l  t a p e  
preparation table are to be used to refer tn a e 

t0 the functional subsequences. 
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For  example ,  when the  order ,  x Q  4-  y  3  =  z  5 ,  i s  indicated  on the  in
s t ruct ional  tape  prepara t ion table ,  the  fol lowing l ines  of  coding are  
recorded:  

( n )  x Q  + 0 = r z  

(n+l)  0  + y 3  =  r Q  

(n+2)  X T  (n+4)  = r g  

( n + 3)  C3000 

(n+4)  0+r 1  = 2 g .  

Thus any coding for  the  divis ion subsequence should  assume the  dividend 
to  be  in  regis ter  r ?  and the  d iv isor  in  r Q .  The rout ine  should  s tar t  
on l ine  3000,  and s tore  the  quot ient  in  f , .  The l ine  number ,  n+4,  of  
the  command to  which the  ca lcula tor  must  refer  back,  should  be  del ivered 
from r g  to  the  l ine  number  regis ter .  The las t  command in  the  rout ine  
should  be  a  ca l l  on the  l ine  number  regis ter .  When the  ca lcula tor  
re turns  to  l ine  n+4,  the  quot ient  wi l l  be  t ransferred  to  z 6 ,  and the  

main  course  of  computa t ion proceeds .  

S imi lar ly ,  when one  of  
the  but tons  for  the  funct ions  
x" 1 / 2 ,  log , 0  x,  10 x ,  cos  x  
or  tan" '  x  i s  se lec ted  to  
i n d i c a t e  a n  o r d e r  / ( * 0 )  =  U y ,  
the  l ines  of  coding recorded 
are :  

( n )  0  +  x  Q  =  r  Q  

(n+1)  X T  (n+3)  = r g  

(n+2)  C3 

(n+3)  0  + r  ,  =  y ,  .  

The starting line numbers, 3—, for the different functiens are listed 
in Table 5.7. To avoid destroying previously computed results, it is 
advisable to use storage registers on channel r only in the course of 

to  nrohibi t  the  use  of  r  regis ters  in  funct ional  computa t ions ,  and to  pronmn 

problem coding.  
,  ,  j n  t ^ e  f u n c t i o n a l  c o m p u t a t i o n s  h a v e  b e e n  The constants  r e q u i r e d  in  tne  _  ,  .  ,  

•i  innonHi  tc  I  They are  s tored wi th  decimal  point  recorded as  indicated  in  Appendix  
1 f i  tha t  the  computa t ions  may be  car r ied  out  between columns 15  and 16 so  ina  L r  

^ot rordl  ess  of  the  locat ion of  the  opera t ing a t  th is  decimal  point ,  regardless  ui  

TABLE 5 .7  

Star t ing  Lines  for  Funct ion Rout ines  

Funct ion Star t ing  Line  

quot ient  
rec iprocal  square  root  
logar i thm 
exponent ia l  
cos ine  
arc  tangent  

3000 
3060 
3200 
3130 
3264 
3340 
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TABLE 5.  8 

Parameters  Used in Function Computat ions 

Number Decimal Point  Storage Register  

15-n 13/12 3o 
15 (n + 1  ) /n s3 
30-n 1/0 a4 
1.4 (n+1)/n 31 
1.0 (n+1 ) /n 3  2 
0.5 (n+1)/n 

3 5 
!og1 0  2 (n + 1  ) /n s6 

Is  assumed that  these values have been recorded 
as  part  of  the set-up procedure for  each 

decimal point .  To 
s implify the shif t ing 
operat ions necessi
tated by the two deci
mal point  locat ions,  
one between columns 15 
and 16 and the other  
between columns n and 
n +1,  i t  is  convenient  
to store in the calcu
lator  the parameters  
l is ted in Table 5.8.  
For example,  in  the 
coding given at  the 
end of this  chapter  i t  
in registers  on channel  s  
problem. 

The quanti ty 15-n is  used in al l  the functional  computat ions to de
termine the shif t  required to return a functional  value,  with decimal 
point  between columns 15 and 16,  to the operat ing decimal point ,  The 
second quanti ty,  15 at  the operat ing decimal point ,  is  added to 
argument . before the function io* is evaluated. The quantity, 30-a, 1, 
also used in exponential  computat ions to obtain the amount of  shif t ,  

(15-n) -  ( m - 15) = 30-n-m ,  

required to return the value +u 
T H o  „ + .+  .  ,  °  t o  t h e  operat ing decimal point .  
The quanti t ies  1.4 and 1.0 at  the .  
the i  +• - i  perat ing decimal point  are used in the evaluation of tan x  tn 

x ,  to compute the digi t .  0 1 2 or 3 indi
cating in which of four intervals -rv, ' ' ' ' 
tha mm + •+• n n logari thm subsequence uses the quanti t ies  0.5 and loe-  ?  ^ 

T .  _ . .  * S ' °  2  l n  decking the computat ion,  
function coding given at  f j  « 

to 1 emnpt> rh nh- v.  e n  this  chapter  includes a tolerance check on each computed val im tc 
t  t j  • + .  the check fai ls ,  the computat ion is  automatical ly reDeatort  
fai ls  a sornnd + • I  6 p e a t e d* T h e  calculator  stops i f  the check i ails a second time. Division -i c mv,  ̂
the oroduct  of  th a-  • checked by comparing the dividend with 
the product  of  the divisor  and the quotient  Thm 
is  checked by mu l t iply l ng t h e  „ a r e  '  T h* square root  

argument,  giving a product  which shouid be ,  ^  
log,0  * -  log,0  x/2  v l o  a  i ;  °U",b e  e q U a l  1 0  ' •  

requires that  the logari thm of '  half  t h e  ^ T h l s  

the constant ,  log1 0  2,  be s tored The c <""Pu t e d  and that  
The exponential  function,  10 ,  is  
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Fig. 5.1—Function sensing circuit. 

checked by computing the value 10"*. The product, 10* x 10"*, should 

then be equal to 1. The relation, sin* x + cos* « - 1, is used to check 

the cosine. This requires the computation of sin x- cos (n/2 - as). The 

arctangent is checked by means of the relation tan x + tan 1/m - n/2, 

which requires the computation of tan l/x. 
Since the number of lines of coding reserved for function computations 

1. limited, operations are interposed where necessary. For example, on 
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l ine 3061 in the reciprocal  square root  subsequence,  a  normalizat ion is  
s tar ted.  Usually the third l ine of a  normalizat ion is  blank to permit  
the normalizing control  number to  enter  the i  register ,  but  in this  case 
the l ine is  used to perform an operat ion required later  in the subsequence.  

The sensing circuit  provided to aid in the select ion of constants  for  
—  1  —  1 / 2  f irs t  approximations to the functions x ,  x , and log1 Q  x,  is  shorn 

in  Fig.  5.1.  An argument x must be normalized,  that  is ,  shif ted left  
t i l l  the f i rs t  non-zero digi t  is  in column 16,  before delivery to the 
c ircuit .  Then the f i rs t  two digi ts  of  x wil l  be in columns 16 and 15,  
and may be sensed to determine which of  the ten intervals ,  Table 5.1,  
contains x.  

Under control  of  code C03*,  the f i f teenth and sixteenth digi ts  of the 
quanti ty on the C  bus wil l  be advanced by record pulses to the tr igger 
pairs  shown in the upper port ion of Fig.  5.1.  Because of  the boundaries 
on the intervals ,  just  two t r igger pairs  are suff icient  for  the f if teenth 
digi t ,  one for  the 2* component  and one for  a combination of  the 4 and 2 
components.  The t r igger pairs  control  gates producing two outputs  from 
the circuit .  One indicates whether the argument l ies  in intervals  0-4 
or  5-9,  and the other  selects  one of  the number t imes 0,  1,  2,  3,  or  4.  
Then under control  of  the B number-t ime code,  3*,  the sequence circuits  
w i l l  s e l e c t  a  n u m b e r  t i m e  c o r r e s p o n d i n g  t o  t h e  i n t e r v a l ,  0 , 1 , . . . , 9 ,  
containing the argument x .  

I t  should be noted that  i f  the number-t ime gate for  a t ransfer  channel  
is opened at more than one number time in a cycle, the last quantity 
recorded wil l  take precedence over a l l  previous ones.  The sensing 
c ircuit  makes frequent  use of  this  fact ,  in order to economize on equip
ment. For example, a voltage is delivered during 0 number time independent 
of the value of x, and if x is in interval 0 or 6, no other number-time 
voltages are del ivered.  For x i n  interval  1,  2,  7,  8,  or  9,  a voltage 
is  delivered during 1 number t ime.  For x i n  interval  2,  8,  or  9,  a  
voltage is  also delivered during 2 number t ime,  and for  x in interval  9,  
during 3 number t ime as  well .  

1. Lanczos, C., Trigonometric Interpolation of I ua the„ ,, 
Empirical and Analytical Functions, Journal  of  m a t ^c» and Phyt tco ,  XVII, pagas 123-19# 
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DIVISION CODING WITH AUTOMATIC ROLLBACK AND CHECK 

Expression Command Line 
No. A OP B C 

Rollback control XT + 120001 = r8 3000 0 20 0 0 1 27* 0 30 8 

Normalize divisor Norm. | r0 | = r 3 3001 0 07 0 0 1 30 0 00 0 

3002 0 15* 0 1 1 13* 0 15* 0 

3003 0 00 0 0 0 00 0 00 0 

3004 1 30 0 2 0 12* 2* 00 0 

3005 0 00 0 0 0 00 0 00 0 

3006 0 05 0 0 0 00 0 30 3 

Sensing a = 03* 3007 0 01 0 1 0 17 8 03* 0 

-aQ + NCN} = r4 3008 3 31 0 1 1 13* 0 30 4 

a2x r3 x (-023*) 3009 0 30 3 2 3 02 3* 00 0 

3010 0 00 0 0 0 00 0 00 0 

16/15 RO 3011 0 06 0 0 0 00 0 00 0 

a, + a2x • 1st approx. a + 013* = r5 3012 0 01 0 1 0 01 3* 30 5 

Iteration XT + 130001 = r6 3013 0 30 0 0 1 27* 0 30 6 

-r3 X r5 
3014 3 30 3 2 0 30 5 00 0 

3015 0 00 0 0 0 00 0 00 0 

16/15 RO 3016 0 06 0 0 0 00 0 00 0 

a + 112 3017 0 01 0 1 0 11 2 00 0 

a X r5 3018 0 01 0 2 0 30 5 00 0 

3019 0 00 0 0 0 00 0 00 0 

16/15 RO = r5 3020 0 06 0 0 0 00 0 30 5 

r& - 10'5 = CC 3021 0 30 6 1 3 17 5 05* 0 

a - r6 3022 0 01 0 1 0 17 8 30 6 

(7C3014 3023 0 30 1 4 0 17* 0 00 0 

Normalize dividend Norm \rz| = r, 3024 0 07 0 0 1 30 2 00 0 

3025 0 15* 0 1 1 13* 0 15* 0 

AT + 100021 = r3 3026 0 00 0 2 1 27* 0 30 3 

3027 1 30 2 2 0 12* 2* 00 0 

3028 0 00 0 0 0 00 0 00 0 

3029 0 05 0 0 0 00 0 30 1 

ru - KCN2 = r6 3030 0 30 4 1 2 13* 0 30 6 

-a - r 3 - i 3031 3 01 0 1 3 30 3 15* 0 

r, x r5 3032 0 30 1 2 0 30 5 00 0 

3033 0 00 0 0 0 00 0 00 0 

16/15 AO = r, 3034 0 06 0 0 0 00 0 30 1 

0 + 118 3035 0 15* 0 1 0 11 8 00 0 

a x io( 3036 0 01 0 2 0 12* 2* 00 0 
Shift rounding no. a x io( 

3037 0 00 0 0 0 00 0 00 0 

SRO 3038 0 05 0 0 0 00 0 00 0 

3039 0 01 0 1 0 30 1 30 5 
Rounded quotient 

Shift quotient to 
(n+l)/n 

a + ri - rs 
rs shifted by r6 = r5 3040 0 15* 0 1 0 30 6 15* 0 Rounded quotient 

Shift quotient to 
(n+l)/n 

f0Or2 = r7 
3041 

3042 

0 

0 

30 

30 

0 

5 

5 

2 

0 

0 

30 

12* 

2 

2* 

30 

00 

7 

0 

3043 0 00 0 0 0 00 0 00 0 

3044 0 05 0 0 0 00 0 30 5 
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DIVISION CODING WITH AUTOMATIC ROLLBACK AND CHECK (c ontii lued) 

Expression Command 
Line 
No. A OP B c 

Attach sign 

Check: 

Rollback 

r7 Or5 = 
r g  = LN 

r ,  x  r Q  

a - r z  

- | cr | + 118 = CC 

CCOOOO 
r e  - 1015 = CC 

<y = r8 

CC3001 
-s2 = stop 

3045 
3046 
3047 
3048 
3049 
3050 
3051 
3052 
3053 
3054 
3055 
3056 
3057 
3058 
3059 

0 30 7 
0 30 9 
0 30 1 
0 00 0 
0 00 0 
0 01 0 
2 01 0 
0 00 0 
0 00 0 
0 30 8 
0 01 0 
0 30 0 
0 15* 0 
0 00 0 
0 00 0 

5 
1 
2 
0 
0 
1 
1 
0 
0 
1 
1 
1 
1 
0 
9 

0 30 5 
0 17 8 
0 30 0 
0 00 0 
0 00 0 
3 30 2 
0  1 1 8  
0 00 0 
0 17* 0 
3 17 5 
0 17 8 
0 17* 0 
3 31 2 
0 00 0 
0 00 0 

30 1 
04* 0 
00 0 
00 0 
00 0 
00 0 
05* 0 
00 0 
00 0 
05* 0 
30 8 
00 0 
16* 0 
00 0 
00 0 

RECIPROCAL SQUARE ROOT CODING WITH AUTOMATIC ROLLBACK 

Expression Command Line 
No. A OP B c 

Rollback control 
Normalize argument 

Sensing 
- . 5r 3  = r 2 

a 3x 

1st approx. = a 3x + a7 

Iteration 

-.5 py, 

-.5 r3r,2 

XT + 12000 | = r 8  

Norm r 0  = r 3  

XT + |3000| = r7 

a = 03* 

-r3 x 110 

16/15 RO = r2 

r 3 x -043* 

16/15 RO 
a + 033* = r, 
r 7  -  1 0 1 5  =  CC 
a  = r 7  

r, x r2 

16/15 RO 
a x r, 

16/15 RO 

3060 
3061 
3062 
3063 
3064 
3065 
3066 
3067 
3068 
3069 
3070 
3071 
3072 
3073 
3074 
3075 
3076 
3077 
3078 
3079 
3080 
3081 
3082 

0 20 0 
0 07 0 
0 15* 0 
0 30 0 
0 30 0 
0 00 0 
0 05 0 
0 01 0 
3 30 3 
0 00 0 
0 06 0 
0 30 3 
0 00 0 
0 06 0 
0 01 0 
0 30 7 
0 01 0 
0 30 1 
0 00 0 
0 06 0 
0 01 0 
0 00 0 
0 06 0 

0 
0 
1 
0 
2 
0 
0 
1 
2 
0 
0 
2 

0 
0 
1 
1 
1 
2 
0 
0 
2 
0 
0 

1 27* 0 
0 30 0 
1 13* 0 
1 27* 0 
0 12* 2* 
0 00 0 
0 00 0 
0 17 8 
0  1 1 0  
C CO 3 
0 00 0 
3 04 3* 
0 00 0 
0 00 0 
0 03 3* 
3 17 5 
0 17 8 
0 30 2 
0 00 0 
0 00 0 
0 30 1 
0 00 0 
0 00 0 

30 8 
00 0 
15* 0 
30 7 
00 0 
00 0 
30 3 
03* 0 
00 0 
00 0 
30 2 
00 0 
00 0 
00 0 
30 1 
05* 0 
30 7 
00 o 
00 o 
00 0 
00 0 
00 0 
00 o 



ELEMENTARY FUNCTIONS 133 

RECIPROCAL SQUARE ROOT CODING WITH AUTOMATIC ROLLBACK (continued) 

Expression Command Line 
No. A OP B c 

-.5r 3r,2 + 1.5 CT + 111 3083 0 01 0 1 0 11 1 00 0 
r, (-.5ry,2 + 1.5) CT x r, 3084 0 01 0 2 0 30 1 00 0 

3085 0 00 0 0 0 00 0 00 0 
16/15 RO = r, 3086 0 06 0 0 0 00 0 30 1 
CC3075 3087 0 30 7 5 0 17* 0 00 0 

P SQ - NCN = i 3088 0 31 0 1 2 13* 0 15* 0 
.5 p a x 117 3089 0 01 0 2 0 11 7 00 0 

3090 0 00 0 0 0 00 0 00 0 
ffAO = r5 3091 0 02 0 0 0 00 0 30 5 

Odd even choice 15* 0 - 121 = CC 3092 0 15* 0 1 3 12 2* 05* 0 
8 = -(15 - n + .5p) ~3 0 ~ r5 = 3093 3 31 0 1 3 30 5 30 4 

CC3099 3094 0 30 9 9 0 17* 0 00 0 
8 = -(15 - n + p-l/2) 

r, x 10"' /2 
ru + 115 = rh 3095 0 30 4 1 0 11 5 30 4 8 = -(15 - n + p-l/2) 

r, x 10"' /2 r, x 113 3096 0 30 1 2 0 11 3 00 0 

3097 0 00 0 0 0 00 0 00 0 

16/15 RO = r, 3098 0 06 0 0 0 00 0 30 1 

XT + 10002| 3099 0 00 0 2 1 27* 0 00 0 

-CT - rh = i 3100 3 01 0 1 3 30 4 15* 0 

15* + 118 3101 0 15* 0 1 0 11 8 00 0 

Shift rounding no. CT x 10^ 3102 0 01 0 2 0 12* 2* 00 0 

3103 0 00 0 0 0 00 0 00 0 

SRO 3104 0 05 0 0 0 00 0 00 0 

Rounded r, CT * r, = r6 3105 0 01 0 1 0 30 1 30 6 

Shift to (n+1)/n r6 shifted by = r, 3106 0 15* 0 1 0 30 4 15* 0 

3107 0 00 0 0 0 00 0 00 0 

3108 0 30 6 2 0 12* 2* 00 0 

3109 0 00 0 0 0 00 0 00 0 

3110 0 05 0 0 0 00 0 30 1 

r g = LN 3111 0 30 9 1 0 17 8 04* 0 

Check: r, x r, 3112 0 30 1 2 0 30 1 00 0 

3113 0 00 0 0 0 00 0 00 0 

3114 0 00 0 0 0 00 0 00 0 

a x r0 3115 0 01 0 2 0 30 0 00 0 

3116 0 00 0 0 0 00 0 00 0 

3117 0 00 0 0 0 00 0 00 0 

CT - S2 3118 0 01 0 1 3 31 2 00 0 

-|CT| + 118 = CC 3119 2 01 0 1 0 11 8 05* 0 

3120 0 00 0 0 0 00 0 00 0 

ccoooo 3121 0 00 0 0 0 17* 0 00 0 

re - 10,s = CC 

a = rg 

3122 0 30 8 1 3 17 5 05* 0 re - 10,s = CC 

a = rg 3123 0 01 0 1 0 17 8 30 8 

Rollback CC3061 3124 0 30 6 1 0 17* 0 00 0 

-s2 = stop 3125 0 15* 0 1 3 31 2 16* 0 

3126 0 00 0 0 0 00 0 00 0 

3127 0 00 0 9 0 00 0 00 0 
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LOGARITHM CODING WITH AUTOMATIC ROLLBACK AND C HECK 

Expression Command 
Line 
No. 

A OP B C 

Rollback control XT + |2000| = rg 3200 0 20 0 0 1 27* 0 30 8 

r0 = r6 3201 0 30 0 1 0 17 8 30 6 

Check control XT + |10001 = r7 3202 0 10 0 0 1 27* 0 30 7 

Normalize argument Norm r6 = rg 3203 0 07 0 0 0 30 6 00 0 

3204 0 15* 0 1 1 13* 0 15» 0 

XT + |1100| = r3 3205 0 11 0 0 1 27* 0 30 3 

3206 0 30 6 2 0 12* 2* 00 0 

3207 0 00 0 0 0 00 0 00 0 

3208 0 05 0 0 0 00 0 30 6 

Sensing 0 = 03* 3209 0 01 0 1 0 17 8 03* 0 

-1012 = r5 3210 0 15* 0 1 3 17 2 30 5 

r6 x 053* 3211 0 30 6 2 0 05 3* 00 0 

3212 0 00 0 0 0 00 0 00 0 

16/15 RO 3213 0 06 0 0 0 00 0 00 0 
z = r6/a - 1 0 - 070 = rg 3214 0 01 0 1 3 07 0 30 2 
Compute log z 
by series 

15* + 119 3215 0 15* 0 1 0 11 9 00 0 

0" x r2 3216 0 01 0 2 0 30 2 00 0 

3217 0 00 0 0 0 00 0 00 0 
16/15 RO = rh 3218 0 06 0 0 0 00 0 30 4 
r5 + 10'2 = r5 3219 0 30 5 1 0 17 2 30 5 
0 = i  3220 0 01 0 1 0 17 8 15* 0 
r3 - 1014 = CC 3221 0 30 3 1 3 17 4 05* 0 
O = r3 3222 0 01 0 1 0 17 8 30 3 
r+ 12 i 3223 0 30 4 1 0 12 2* 00 0 
CC3216 3224 0 32 1 6 0 17* 0 00 0 
0 - 12i 3225 0 01 0 1 3 12 2* 00 0 

Mantissa 0 + 063* = r2 3226 0 01 0 1 0 06 3* 30 2 
• XT + 10002| 3227 0 00 0 2 1 27* 0 00 0 

-a + s0 = t 3228 3 01 0 1 0 31 0 15* 0 
15* + 118 3229 0 15* 0 1 0 11 8 00 0 
0 x 10f 3230 0 01 0 2 0 12* 2* 00 0 

3231 0 00 0 0 0 00 0 00 o 

Rounded rz 
Shift mantissa to 

(n+1) /n 

SRO 

0 + r2 = r2 

rz shifted by 
"S0 = r2 

3232 

3233 

3234 

0 

0 

0 

05 

01 

15* 

0 

0 

0 

0 

1 

1 

0 

0 

3 

00 

30 

31 

0 

2 

0 

00 0 

30 2 

15* 0 

s0 - NCN = ru 3235 0 31 0 1 2 13* 0 30 4 

3236 0 30 2 2 0 12* 2* 00 o 

3237 0 00 0 0 0 00 0 00 o 

-(15-n) + 1.5 

-12 + n 

For checking 

Shift characteristic 
to (n+l)/n 

-s0 + 116 

0 + 116 = i 

" s6 = r5 
ru x 10l 

3238 

3239 

3240 

3241 

3242 

0 

3 

0 

0 

0 

05 

31 

01 

30 

30 

0 

0 

0 

1 

4 

0 

1 

1 

1 

2 

0 

0 

0 

3 

0 

00 

11 

11 

31 

12* 

0 

6 

6 

6 

2* 

30 2 

00 o 

15* 0 

30 5 

00 o 

3243 0 00 0 0 0 00 0 00 o 



ELEMENTARY FUNCTIONS 135 

LOGARITHM C ODING WITH AUTOMATIC ROLLBACK AND CHECK (continued) 

Expression Command Line 
No. A OP B C 

SRO 3244 0 05 0 0 0 00 0 00 0 
Char. + man. = log a + r2 = r3 3245 0 01 0 1 0 30 2 30 3 

-r? + 10' 5 = CC 3246 3 30 7 1 0 17 5 05* 0 
° m r7 3247 0 01 0 1 0 17 8 30 7 
CC3254 3248 0 32 5 4 0 17* 0 00 0 

x/2 

r 3 = 3249 0 30 3 1 0 17 8 30 1 
x/2 r0 X s5 = r6 3250 0 30 0 2 0 31 5 30 6 

3251 0 00 0 0 0 00 0 00 0 
3252 0 00 0 0 0 00 0 00 0 

C3203 3253 0 32 0 3 0 07* 0 00 0 
Check logarithm r5 ' r 3 3254 0 30 5 1 3 30 3 00 0 

- | cr | + 118 = CC 3255 2 01 0 1 0 11 8 05* 0 
rg = LN 3256 0 30 9 1 0 17 8 04* 0 
CCOOOO 3257 0 00 0 0 0 17* 0 00 0 
rg - 10' 5 = CC 3258 0 30 8 1 3 17 5 05* 0 
O - r8 3259 0 01 0 1 0 17 8 30 8 

Rollback CC3201 3260 0 32 0 1 0 17* 0 00 0 
-3 g = stop 3261 3 31 2 1 0 17 8 16* 0 

3262 0 00 0 0 0 00 0 00 0 
3263 0 00 0 9 0 00 0 00 0 

EXPONENTIAL CODING WITH AUTOMATIC ROLLBACK AND CHECK 

Expression Command 
Line 
No. A OP B C 

Rollback control XT + |2000| = rg 3130 0 20 0 0 1 27* 0 30 8 

rO ~ 3 9 3131 0 30 0 1 0 17 8 31 9 

101, 10 x control XT + 120001 = r7 3132 0 20 0 0 1 27* 0 30 7 

Argument +15 3 g 3 ̂  = 3 9 3133 0 31 9 1 0 31 3 31 9 

(16-n) to t reg. 3 Q + 10'2 = I 3134 0 31 0 1 0 17 2 15* 0 

15* + 178 = rfi 3135 0 15* 0 1 0 17 8 30 6 

Split integral, 
fractional parts 

3 g  X  10* 3136 0 31 9 2 0 12* 2* 00 0 

3137 0 00 0 0 0 00 0 00 0 

Fraction LRO = r5 3138 0 03 0 0 0 00 0 30 5 

Integer = I HRO 3139 0 02 0 0 0 00 0 00 0 

30-n-1 (l/o) -a + 3h 3140 3 01 0 1 0 31 4 00 0 

a X  10'2 3141 0 01 0 2 0 17 2 00 0 

3142 0 00 0 0 0 00 0 00 0 

30-n-I (13/12) LRO — ^ 3  3143 0 03 0 0 0 00 0 30 3 

r5 x 1013 3144 0 30 5 2 0 17 3 00 0 

3145 0 00 0 0 0 00 0 00 0 

000 abc... HRO = i 3146 0 02 0 0 0 00 0 15* 0 
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EXPONENTIAL CODING WITH AUTOMATIC ROLLBACK 1ND check cont inued) 

Expression Command 
Line 
No. 

A  OP B  C  

rE x 101 3147 0 30 5 2 0 16 1 00 0 

3148 0 00 0 0 0 00 0 00 0 

b o .  . .  L B O  =  C5 3149 0 03 0 0 0 00 0 30 5 

Choose 10°'a 15* + 07 i = r4 3150 0 15* 0 1 0 07 2* 30 4 

r 5 x 089 3151 0 30 5 2 0 08 9 00 0 

3152 0 00 0 0 0 00 0 00 0 

t  =  ( 0 . 0 6 c . . . )  l o g e  1 0  16/15 R O  =  r  2  3153 0 06 0 0 0 00 0 30 2 

Compute series X T  +  |0700| = r5 3154 0 07 0 0 1 27* 0 30 5 Compute series 
15* + 080 3155 0 15* 0 1 0 08 0 00 0 ' 

a  x r  2 3156 0 01 0 2 0 30 2 00 0 

3157 0 00 0 0 0 00 0 00 0 

16/15 £0 = s g 3158 0 06 0 0 0 00 0 31 9 

r 6  +  1 0 1 2  =  i  3159 0 30 6 1 0 17 2 15* 0 

a  =  r  6 3160 0 01 0 1 0 17 8 30 6 

- r 5  +  1014 = (7C 3161 0 30 5 1 0 17 4 05* 0 

_CT = r 5  3162 3 01 0 1 0 17 8 30 5 

CC3166 3163 0 31 6 6 0 17* 0 00 0 

S9 + 08 i 3164 0 31 9 1 0 08 2* 00 0 

(73156 3165 0 31 5 6 0 07* 0 00 0 

S 9 + 070 3166 0 31 9 1 0 07 0 00 0 

a  x r 4 3167 0 01 0 2 0 30 4 00 0 

3168 0 00 0 0 0 00 0 00 0 

16/15 AO = r4 3169 0 06 0 0 0 00 0 30 4 
X T  +  |0002| 3170 0 00 0 2 1 27* 0 00 0 
- a  +  r 3 = * 3171 3 01 0 1 0 30 3 15* 0 
15* + 118 3172 0 15* 0 1 0 11 8 00 o 

Shift rounding no. O x 10 3173 0 01 0 2 0 12* 2* 00 o 

3174 0 00 0 0 0 00 0 00 0 
S R O  3175 0 05 0 0 0 00 0 00 0 

Rounded r4 O  + r h  =  r h  3176 0 01 0 1 0 30 4 30 4 
Shift r4 to ( n + l ) / n  r4 shifted by 

- r ,  =  r „  
3177 0 15* 0 1 3 30 3 15* 0 

r7 ~ 
-7 C 

101 5 =  (7(7 3178 0 30 7 1 3 17 5 05* 0 

3179 0 30 4 2 0 12* 2* 00 o 

3180 0 00 0 0 0 00 0 00 o 

3181 0 05 0 0 0 00 0 30 2 

^7 " 1 0 1 5  =  r ?  3182 0 30 7 1 3 17 5 30 1  

Check: 10* x 10"x 

C(73197 3183 0 31 9 7 0 17* 0 00 o 
Check: 10* x 10"x r, x r 2  3184 0 30 1 2 0 30 2 00 o 

3185 0 00 0 0 0 00 0 00 o 
3186 0 00 0 0 0 00 0 00 o 

a - s2 3187 0 01 0 1 3 31 2 00 o 
- M + 118 = (7(7 3188 2 01 0 1 0 11 8 05* 0 
r9 - L N  3189 0 30 9 1 0 17 8 04* " 
(7(700 00 3190 0 00 0 0 0 17* 0 00 o 
r8 " 1 0 '  5  =  C C  3191 0 30 8 1 3 17 5 05* 0 
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EXPONENTIAL CODING WITH AUTOMATIC ROLLBACK AND CHECK (continued) 

Expression Command Line 
No. A OP B C 

Rollback 

Set up to compute 10~x 

c - re 
CC3131 
-s2 = stop 

RZ " 

~rO = 39 
C3133 

3192 

3193 

3194 

3195 

3196 

3197 

3198 

3199 

0 01 0 

0 31 3 

3 31 2 

0 00 0 

0 00 0 

0 30 2 

3 30 0 

0 31 3 

1 

1 

1 

0 

9 

1 

1 

3 

0 17 8 

0 17* 0 

0 17 8 

0 00 0 

0 00 0 

0 17 8 

0 17 8 

0 07* 0 

30 8 

00 0 

16* 0 

00 0 

00 0 

30 1 

31 9 

00 0 

COSINE CODING WITH AUTOMATIC ROLLBACK AND CHECK 

Expression Command Line 
No. A OP B C 

Rollback control XT + |2000| = R8 3264 0 20 0 0 1 27* 0 30 8 
RO = r6 3265 0 30 0 1 0 17 8 30 6 

Check control XT - 110001 = r? 3266 0 10 0 0 2 27* 0 30 7 

r6 x 10/2n = 10.7 Kl * 136 3267 1 30 6 2 0 13 6 00 0 

3268 0 00 0 0 0 00 0 00 0 

3269 0 00 0 0 0 00 0 00 0 

10J x t i/Z0 = J n/2 a  X  137 3270 0 01 0 2 0 13 7 00 0 

3271 0 00 0 0 0 00 0 00 0 

16/15 RO 3272 0 06 0 0 0 00 0 00 0 

s = J TT/2 - n/4 d  - 138 = r h  3273 0 01 0 1 3 13 8 30 4 

Compute cos z XT + 100061 = rs 3274 0 00 0 6 1 27* 0 30 5 
by series: 

s 2 RU x RU 3275 0 30 4 2 0 30 4 00 0 

3276 0 00 0 0 0 00 0 00 0 

16/15 RO = r2 3277 0 06 0 0 0 00 0 30 2 

15* + 178 = t 3278 0 15* 0 1 0 17 8 15* 0 

cr = 3279 0 01 0 1 0 17 8 30 4 

Iteration a + 13f = r3 3280 0 01 0 1 0 13 2* 30 3 

+ 10'2 = r4 3281 0 30 4 1 0 17 2 30 4 

O = i 3282 0 01 0 1 0 17 8 15* 0 

r5 - RU = CC 3283 0 30 5 1 3 30 4 05* 0 

p 3  x  r2 3284 0 30 3 2 0 30 2 00 0 

3285 0 00 0 0 0 00 0 00 0 

16/15 RO 3286 0 06 0 0 0 00 0 00 0 

CC3280 3287 0 32 8 0 0 17* 0 00 0 

COS 8 a + 101 5 - rz • 3288 0 01 0 1 0 17 5 30 2 

XT + 10002| 3289 0 00 0 2 1 27* 0 00 0 

-a + s0 = t 3290 3 01 0 1 0 31 0 15* 0 

15* + 118 3291 0 15* 0 1 0 11 8 00 0 

Shift rounding no. a  x  10' 3292 0 01 0 2 0 12* 2* 00 0 
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COSINE CODING WITH AUTOMATIC ROLLBACK AND CHECK (continued) 

Expression Command 
Line 
No. A  OP B  C  

3293 0 00 0 0 0 00 0 00 0 

SAO = r 3  3294 0 05 0 0 0 00 0 30 3 

cos2 s  r 2  X  r2 3295 0 30 2 2 0 30 2 00 0 

3296 0 00 0 0 0 00 0 00 0 

16/15 R O  =  r2  3297 0 06 0 0 0 00 0 30 2 

COS2 3-1 CT - 101 5 3298 0 01 0 1 3 17 5 00 0 

cos 2s = 2 cos2 s-l a + r2 = r2 3299 0 01 0 1 0 30 2 30 2 

"so = * 3300 3 31 0 1 0 17 8 15* 0 

cos2 22 r  2  X  r2 3301 0 30 2 2 0 30 2 00 0 

3302 0 00 0 0 0 00 0 00 0 
16/15 AO = r 2 3303 0 06 0 0 0 00 0 30 2 

-cos2 23+1 1 Q + o
 Ln 3304 3 01 0 1 0 17 5 00 0 

cos r 6 a - r2 = r2 3305 0 01 0 1 3 30 2 30 2 

0 © r 3  3306 0 01 0 5 0 30 3 00 0 
Rounded cos r6 a  +  r 2  3307 0 01 0 1 0 30 2 00 0 
Shift cos r, to 0  X  10* 3308 0 01 0 2 0 12* 2» 00 0 

( n +l) / n  

3309 0 00 0 0 0 00 0 00 0 
S R O  =  r 3  3310 0 05 0 0 0 00 0 30 3 
r7 + 1015 = C C  3311 0 30 7 1 0 17 5 05* 0 
0  =  R? 3312 0 01 0 1 0 17 8 30 7 
C03322 3313 0 33 2 2 0 17* 0 00 0 

Shift TT/2 to (n+l)/n -s0 + 1012 = f 3314 3 31 0 1 0 17 2 15* 0 
15* + 137 3315 0 15* 0 1 0 13 7 00 0 
0 x 10* 3316 0 01 0 2 0 12* 2* 00 0 

3317 0 00 0 0 0 00 0 00 0 

n/2 - r 0  = new arg. 
SAO 3318 0 05 0 0 0 00 0 00 0 

n/2 - r 0  = new arg. a " r 0  = r6 3319 0 01 0 1 3 30 0 30 6 
r 3  =  r ,  3320 0 30 3 1 0 17 8 30 1 
03267 3321 0 32 6 7 0 07* 0 00 0 

cos2 (n/2 - x) 
r g  =  L N  3322 0 30 9 1 0 17 8 04* 0 

cos2 (n/2 - x) p 3  *  r 3  =  S g  3323 0 30 3 2 0 30 3 31 9 
3324 0 00 0 0 0 00 0 00 0 
3325 0 00 0 0 0 00 0 00 o 

cos2 x  r ,  x r ,  3326 0 30 1 2 0 30 1 00 o 
3327 0 00 0 0 0 00 0 00 0 
3328 0 00 0 0 0 00 0 00 0 

cos2 x  + cos2 (n/2- x) 0  + s9 3329 0 01 0 1 0 31 9 00 0 
O  -  3  2  3330 0 Q1 0 1 3 31 2 00 o 
- 1 cr I + 118 = 00 3331 2 01 0 1 0 11 8 05* 0 

• 3332 0 00 0 0 0 00 0 00 0 
CC70000 3333 0 00 0 0 0 17* 0 00 o 
r8 - 1015 = C C  3334 0 30 8 1 3 17 5 05* 0 

Rollback 
0  =  r8 3335 0 01 0 1 0 17 8 30 8 

Rollback 0032 65 3336 
0 17 8 

0032 65 3336 0 32 6 5 0 17* 0 00 o 
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COSINE CODING WITH AUTOMATIC ROLLBACK AND CHECK (continued) 

Expression Command Line 
No. A OP B c 

-s2 = stop 3337 3 31 2 1 0 17 8 16* 0 

3338 0 00 0 0 0 00 0 00 0 

3339 0 00 0 9 0 00 0 00 0 

( 

ARC TANGENT CODING WITH AUTOMATIC ROLLBACK AND CHECK 

Expression Command Line 
No. A OP B c 

Rollback control XT + 120001 = r e  3340 0 20 0 0 1 27* 0 30 8 

r0 " P2 3341 0 30 0 1 0 17 8 30 2 

Check control XT + 120001 = r7 3342 0 20 0 0 1 27* 0 30 7 

r2 m  3  9 3343 0 30 2 1 0 17 8 31 9 

Sense to choose b: M - s2 = r5 3344 1 01 0 1 3 31 2 30 5 

« 0 J 2  3345 0 01 0 5 0 31 2 00 0 

a + s 1 3346 0 01 0 1 0 31 1 00 0 

-cr + |s9| = r3 3347 3 01 0 1 1 31 9 30 3 

r s O 10 ' 2 3348 0 30 5 5 0 17 2 00 0 

a + 116 = r5 3349 0 01 0 1 0 11 6 30 5 

r 3 O n 5  3350 0 30 3 5 0 11 5 00 0 

a + r5 = i 3351 0 01 0 1 0 30 5 15* 0 

XT + |3392| = a8 3352 0 33 9 2 1 27* 0 31 8 

b 15* + 091 = r5 3353 0 15* 0 1 0 09 2* 30 5 

tan"' 6 15* + 101 = r6 3354 0 15* 0 1 0 10 2* 30 6 

Shift b to (n+1)/n r5 shifted by 
"s0 " rh 

3355 0 15* 0 1 3 31 0 15* 0 

3356 0 00 0 0 0 00 0 00 0 

3357 0 30 5 2 0 12* 2* 00 0 

3358 0 00 0 0 0 00 0 00 0 

3359 0 05 0 0 0 00 0 30 4 

b |s9| a x |3 9| 3360 0 01 0 2 1 31 9 00 0 

3361 0 00 0 0 0 00 0 00 0 

3362 0 00 0 0 0 00 0 00 0 

b |s9| + 1 a + a2 = r2 3363 0 01 0 1 0 31 2 30 2 

Compute l/r2 XT + 130001 = r5 3364 0 30 0 0 1 27* 0 30 5 

Norm r2 = r2 3365 0 07 0 0 0 30 2 00 0 

3366 0 15* 0 1 1 13* 0 15* 0 

-s0 + NCN = r3 3367 3 31 0 1 1 13* 0 30 3 

3368 0 30 2 2 0 12* 2* 00 0 

3369 0 00 0 0 0 00 0 00 0 

3370 0 05 0 0 0 00 0 30 2 

a = 03* 3371 0 01 0 1 0 17 8 03* 0 

r3 - s0 = t 3372 0 30 3 1 3 31 0 15* 0 

r2 " -023* 3373 0 30 2 2 3 02 3* 00 0 
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ARC TANGENT CODING WITH AUTOMATIC ROLLBACK AND CHECK (con tlnued) 

Expression Command 
Line 
No. 

A OP B C 

3374 0 00 0 0 0 00 0 00 0 

16/15 RO 3375 0 06 0 0 0 00 0 00 0 

1st approx. a + 013* = r3 3376 0 01 0 1 0 01 3* 30 3 

Iteration r5 - 1015 = CC 3377 0 30 5 1 3 17 5 05* 0 

0• = r5 3378 0 01 0 1 0 17 8 30 5 

r 3 x -rZ 3379 0 30 3 2 3 30 2 00 0 

3380 0 00 0 0 0 00 0 00 0 

16/15 RO 3381 0 06 0 0 0 00 0 00 0 

a + 112 3382 0 01 0 1 0 11 2 00 0 

8 X P3 3383 0 01 0 2 0 30 3 00 0 

3384 0 00 0 0 0 00 0 00 0 
16/15 RO = r3 3385 0 06 0 0 0 00 0 30 3 
(7(73377 3386 0 33 7 7 0 17* 0 00 0 
s8 = LN 3387 0 31 8 1 0 17 8 04* 0 

Shift r3 to (n+l)/n r3 x 10* 3388 0 30 3 2 0 12* 2* 00 0 

3389 0 00 0 0 0 00 0 00 0 
SRO = r2 3390 0 05 0 0 0 00 0 30 2 
(70000 3391 0 00 0 0 0 07* 0 00 0 

Is 9 1 " » Kl - rh 3392 1 31 9 1 3 30 4 00 0 
( |s9| - b)/(b |s9| + 1) 0 x r2 = r3 3393 0 01 0 2 0 30 2 30 3 

3394 0 00 0 0 0 00 0 00 0 
3395 0 00 0 0 0 00 0 00 0 

Shift to 16/15 r3 shifted by sQ = r3 3396 0 15* 0 1 0 31 0 15* 0 
XT + |0004| = r4 3397 0 00 0 4 1 27* 0 30 4 

3398 0 30 3 2 0 12* 2* 00 0 
3399 0 00 0 0 0 00 0 00 0 
3400 0 05 0 0 0 00 0 30 3 

Compute tan"1 r3 by r4 = t 3401 0 30 4 1 0 17 8 15* 0 
series 17 8 15* 

r 3 x r3 3402 0 30 3 2 0 30 3 00 0 
3403 0 00 0 0 0 00 0 00 0 

16/15 RO = r5 3404 0 06 0 0 0 00 0 30 5 
15* + 178 3405 0 15* 0 1 0 17 8 00 0 

Iteration a + 09t = r2 3406 0 01 0 1 0 09 2* 30 2 
-rh + 083 = CC 3407 3 30 4 1 0 08 3 05* 0 
r4 + 10^ = r4 3408 0 30 4 1 0 17 2 30 4 
a = i 3409 0 01 0 1 0 17 8 15* 0 
rz x r5 3410 0 30 2 2 0 30 5 00 0 

16/15 RO 
3411 0 00 0 0 0 00 0 00 0 

16/15 RO 3412 0 06 0 0 0 00 0 00 0 
CC3406 3413 0 34 0 6 0 17* 0 00 0 
a + 104 3414 0 01 0 1 0 10 4 00 0 cr x r3 3415 0 01 0 2 0 30 3 00 0 

-l tan r3 + tan 6 

16/15 RO 
3416 

3417 

0 

0 

00 

06 

0 

0 

0 

0 

0 

0 

00 

00 

0 

0 

00 

00 

0 

0 -l tan r3 + tan 6 a + r6 = r5 3418 0 01 0 1 0 30 6 30 5 
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ARC TANGENT CODING WITH AUTOMATIC ROLLBACK AND CHECK (continued) 

Expression Command Line 
No. A OP B c 

XT + 10002| 3419 0 00 0 2 1 27* 0 00 0 
-a + s 0 = i 3420 3 01 0 1 0 31 0 15* 0 
15* + 118 3421 0 15* 0 1 0 11 8 00 0 

Shift rounding no. a x 101 3422 0 01 0 2 0 12* 2* 00 0 

3423 0 00 0 0 0 00 0 00 0 
SRO 3424 0 05 0 0 0 00 0 00 0 

Rounded tan"' a9 a + r 5 = r 3 3425 0 01 0 1 0 30 5 30 3 
r7 - 10'5 = CC 3426 0 30 7 1 3 17 5 05* 0 

Shift to (n+1 )/n r3 shifted by 
-s0 = f3 

3427 0 15* 0 1 3 31 0 15* 0 

3428 0 00 0 0 0 00 0 00 0 

3429 0 30 3 2 0 12* 2* 00 0 

3430 0 00 0 0 0 00 0 00 0 

3431 0 05 0 0 0 00 0 30 3 

rg - 10'5 = r7 3432 0 30 7 1 3 17 5 30 7 

r o O r 3  = r 5  3433 0 30 0 5 0 30 3 30 5 

CC3451 3434 0 34 5 1 0 17* 0 00 0 

Che?!f: .1 , r, + r5 = r3 3435 0 30 1 1 0 30 5 30 3 
tan i + tan 1/x 

-s0 + 1012 = i 3436 3 31 0 1 0 17 2 15* 0 

-r0 © 137 3437 3 30 0 5 0 13 7 00 0 

±n/2 at (n+l)/n a x 10* 3438 0 01 0 2 0 12* 2* 00 0 

3439 0 00 0 0 0 00 0 00 0 

SRO 3440 0 05 0 0 0 00 0 00 0 

a + r3 3441 0 01 0 1 0 30 3 00 0 

- 1CT 1 + 118 = CC 3442 2 01 0 1 0 11 8 05* 0 

r g = LN 3443 0 30 9 1 0 17 8 04* 0 

(7 <70000 3444 0 00 0 0 0 17* 0 00 0 

r8 - 10,s = CC 3445 0 30 8 1 3 17 5 05* 0 

a = r8 3446 0 01 0 1 0 17 8 30 8 

CC3341 3447 0 33 4 1 0 17* 0 00 0 

-s2 = stop 3448 3 31 2 1 0 17 8 16* 0 

3449 0 00 0 0 0 00 0 00 0 

3450 0 00 0 9 0 00 0 00 0 

Set up for tan"' l/x r5 = r, 3451 0 30 5 1 0 17 8 30 1 

XT + 133431 = s8 3452 0 33 4 3 1 27* 0 31 8 

r0 • r2 • 3453 0 30 0 1 0 17 8 30 2 

(73364 3454 0 33 6 4 0 07* 0 00 0 



CHAPTER VI 

NUMERICAL INPUT AND OUTPUT DEVICES 

The three subjects to be dealt with in this chapter are the numerical 

tape preparation table, the input-output system of the calculator, and 

the five printers. All of these units are associated with the storage 

of numerical information on magnetic tape. 

The mechanical devices used in these three units to move the magnetic 

tape past the pole piece tips are similar in many respects, differing 

largely in the speeds at which the tapes are driven. The tape is threaded 

through a system of rollers which maintain proper tension in the tape, 

and is passed over a driving capstan. A rubber belt presses the tape 

against the capstan in order to provide adequate friction. The capstan 

is started and stopped by a magnetic clutch of the type shown in Plate XX. 

While all of the tape mechanisms use a friction-driven take-up reel, it 

is necessary to drive the supply reel in the case of the input-output 

mechanisms only. A detailed description of the system controlling this 

drive is presented later on in this chapter. 

Four pole pieces are mounted on a block in a staggered arrangement 

so that each covers a separate channel on the tape. These four channels 

on the tape are designated by the letters, A, B, C, and D. Channels A 

and B are reserved for coded numerical data, while channels C and D are 

used for timing pulses. The eighty binary digits associated with one 

quantity in the calculator, Table 6.1, are arranged on the tape as shown 

in Fig. 6.1, and have the relative timing shown in Fig. 6.2. These 

diagrams indicate that in contrast to the system used within the calcu

lator, the high-order digits are recorded first on the tape to simplify 

the operation of the printers. For check purposes, the information is 

recorded in duplicate on the A and B channels, and corresponding components 

are one digit out of phase. One of the eighty binary digits is omitted 

from each information channel on the tape, as this simplifies the control 

circuits. However, the omitted digits are components of noninformative 

decimal digits, namely, the 2* component of digit 18 and the 1 component 
of digit -1. 

In general, techniques similar to those used „ith the magnetic druH 

are employed in tape recording and playback, A reel of tape is erased, 
prior to recording, on a commercially available eraser, sinceno provisions 

have been made for selective alteration of previously recorded information. 

The simplest of the tape-handling units is the manually operated 
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numerical tape preparation table. The sixteen decimal digits and alge

braic sign of each quantity to he recorded must he registered on keys at 

the front of the table, Plate X. The switch at the top of each column 

may he thrown when zeros occur repeatedly in that column to eliminate 

the necessity of punching the 0 key with each quantity. When the record 

pushbutton is depressed, relays are energized to store the digits and 

algebraic sign, and a check is made to insure that in each column either 

TABLE 6.1 

Pulses associated with one quantity on tape 

A or B Decimal Binary A or B Decimal Binary 
Pulse Number Digit Component Pulse Number Digit Component 

79M) 18 2* 39 8 2* 
78 18 4 38 8 4 
77 18 2 37 8 2 
76 18 1 36 8 1 
75 17 2* 35 7 2* 
74 17 4 34 7 4 
73 17 2 33 7 2 
72 17 1 32 7 1 
71 16 2* 31 6 2* 
70 16 4 30 6 4 
69 16 2 29 6 2 
68 16 1 28 6 1 
67 15 2* 27 5 2* 
66 15 4 26 5 4 
65 15 2 25 5 2 
64 15 1 24 5 1 
63 14 2* 23 4 2* 
62 14 4 22 4 4 
61 14 2 21 4 2 
60 14 1 20 4 1 
59 13 2* 19 3 2* 
58 13 4 18 3 4 
57 13 2 17 3 2 
56 13 1 16 3 1 
55 12 2* 15 2 2* 
54 12 4 14 2 4 
53 12 2 13 2 2 
52 12 1 12 2 1 
51 11 2* 11 1 2* 
50 11 4 10 1 4 
49 11 2 9 1 2 48 11 1 8 1 1 47 10 2* 7 0 2* 46 10 4 6 0 4 45 
44 
43 
42 
41 
40 

10 
10 
9 
9 
9 
9 

2 
1 
2* 
4 
2 
1 

5 
4 
3 
2 
1 
0 
-1(2> 

0 
0 
-1 
-1 
-1 
-1 

18 

2 
1 
2* 
4 
2 
1 

1 

1'1 Channel B only ( 2 ) _ 
Channel A only 
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a key was punched or the zero switch thrown. A 

check failure causes an indicator lamp to be lit. 

If the check passes, the keys are reset and the 

operator must punch the same number a second time. 

When the record pushbutton is depressed again, the 

same columnar check is made and in addition the 

quantity stored in relays is compared with the one 

indicated on the keyboard. Failure of this check 

causes a second indicator lamp to be lit. In the 

event that the first quantity registered on the 

keyboard was in error, the reset switch may be 

employed to reset the keys, storage relays, and 

control circuits. If the error was in the second 

quantity, the corrections may be made immediately 

on the keyboard, where the second quantity is 

still registered. When both checks are passed, 

the quantity stored in relays will be recorded 

on tape. At the end of the record operation the 

keys are reset, and the operator may register the 

next quantity on the keyboard. 

The operation of the table is under control of 

a step switch, labeled #1 in Fig. 6.3. The same 

diagram shows the timing for the six cams which 

supply the necessary pulses to control the step 

switch and the associated relays. Table 6.2 lists 

the operations performed in one step switch cycle, 

during which one quantity is recorded on tape. 

Each of the keys on the front of the table 

controls five contacts, as indicated in Fig. 6.4. 

The contacts labeled C, along with the switches 

(Sw.l, . . . ,Sw. 16) which may be thrown when zeros 

occur repeatedly in one or more columns, are con

nected to form the columnar check circuit. The 

remaining contacts are used to energize the proper 

storage relays, and, following the second punching, 

to perform the comparison check, controlled by 

the check relays, A1,...,A11. 
Figure 6.5 shows the electronic circuit and 

the two step switches which scan the storage relays 

and deliver digits to the record circuit. Accurately 

timed record and cycling pulses are derived from 

- OIGIT CHANNEL A -

S 

o 

S 

s 

POLE 
-PIECE 

C 

Fig. 6.1 —Location 
of pulse8 on tape. 
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TABLE 6.2 

Step switch 1 operation (tape preparation ta ble) 

Step Viper Operation Relays 

1 2 

1 

When start button is depressed, start the step 
switch, provided that column-punch check has passed 
and that electronic circuits are in reset position. 

Supply current to recording tubes in electronic 
circuit. 

Pick up storage relays corresponding to depressed 
keys by delivering -120 v. to storage relay pick
up and check bus. 

Pick up CL101,CL102; 
energize step svitch 
coil. 

Pick up CL114,CL206. 

2 7 Turn off reset position indicator lamp. 

5 Reset keys. Pick up CH112,CL111; 
energize key reset 
magnet. 

3 Pick up check relays, Al-All. 

3 3 Turn on 1ight 1. Pick up CL109,CH110. 

4 5 Prepare to stop on step 5. Pick up CL107,CL108. 
Drop out CL102. 

5 1 Ground storage relay pick-up and check bus for 
comparison check. 

2 When start button is depressed, start the step 
switch again, provided that the comparison check 
and column-punch check have passed and that the 
electronic circuit is in the reset position. 

Pick up CL101,CL102; 
energize step svitch 
coil. 

3 Energize start coil for magnetic clutch controlling 
the tape. Pick up CL103,CH104. 

5 Reset keys. 
Pick up CL111,CH112; 
energize key reset 
magnet. 

7 4 Start electronic circuit. 

9 5 Prepare to stop on step 10. 
Pick up CL107,CL108. 
Drop out CL102. 

10 6 "" b"° «.rt stop CL203 picked up by 
electronic circuit. 
Pick up CL101,CL102; 
energize step switch 
coil. 

12 

13' 

1.8 

3 
iine Pick up CL105,CL106. 

12 

13' 

1.8 

• 8 Pass directly over these steps to step 19. 

19 No special operations. 

20 Prepare to stop on step 1. 
Pick up CL107,CL108. 
Drop out CL102. 
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TIME — 

Fig. 6 .2—Relative timing of pulses on tape. 

Fig. 6.3-Step switch 1, tape preparation table. 
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I L-L= 

wm*< 
* 

>JfW;v 
]  a  

>4tê h. < 

JJTUTU^tsnAtt-

Fig.  6.4-  K e y  c o n t a c t s ,  t a p e  p r e p a r a t i o n  t a b l e .  

pole pieces mounted around thP  u 
whieh r»n+ + + periphery of  a  plast ic  disk,  Plate X Folates at .  a  speed of* 170= 
Every t ime a pin passes a  pole C O n t a i n s  magnetized metal  pi '  

del ivery  to  a  t ransformer  may beTV ^  g e n e r & t e d  " h i C h '  *  
a vacuum-tube ga te .  Pulses  f  W l t h ° U t  t o  °P e n  

record  die- i t s  In  tu  A r ° m  P ° l e  P i e C e  1  on the  d isk  are  used 

are used in s tLt^e a nT f ^  C h a n" e l S '  ^  P U l S 'S  f™m  ^ P l C C '  
and 4 are referred to as Vlnd Ẑ)  ̂ClrCU±t' P u l s e s  f r o m  P o l e  P i e c e i  

usedto record in the c and n t  p u l s e s> respectively,  since they « 
ape channels  as  well  as  for  t iming signal  
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The start impulse from step switch 1 trips trigger pair 1, Fig. 6.5. 

The first succeeding pulse from pole piece 2 trips trigger pair 2. The 

connection from the non-conducting tube in trigger pair 2 permits gated 

information to arrive at the record circuits for the A and B tape pole 

Fig. 6.5—Step switches 2, 3, and electronic circuits, 
tape preparation table• 

ieces, while the connection from the conducting tube gates C and D 

ulses to the record tubes for the C and D tape pole pieces. The C pulses 

re also gated to the even-numbered suppressor grids in a ring of four, 

pulses being delivered continuously to the odd suppressors. Referring 

o the timing diagram, Fig. 6.6, it is seen that the first (7 pulse 

allowing the tripping of trigger pair 2 is recorded on the tape and 

tarts the ring cycling. Two step switches, 2 and 3, are then advanced 
. _ tn deliver the A and B digits from storage lternately by the ring, to deliver 

The ring also controls these gates, causing 
elays to pentode gates. me ring 
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one A and one B digit to be delivered to the A and B record circuits 

at each position of the ring. 

When step switch 3 returns to its reset position, a ground potential 

is delivered through wiper 4 to open the gate serving as a puller tube 

for trigger pair 1. When the last D pulse to be recorded advances the 

ring to position 4, a differentiated pulse is produced which resets 

trigger pair 1. The following pulse from pole piece 2 resets trigger 

pair 2, closing the pulse gates in the electronic circuit. At the same 

time, the trigger pair 2 output energizes relay CL203, to start step 

switch 1 again. 

The reset switch (Sw.20) resets all the circuits associated with the 

tape preparation table, including the keys on the front. The reset 

Fig. e.e-Ttmtng diagram, tape preparation table. 

light, Fig. 6.5, 1. turned on under control of relay CL204, vhen the 

ring of four, trigger pairs 1 and 2, and .the three step switches are in 

their reset positions. 
The next unit, to be described are the eight tape read-record „echa-

nisms. Two of these gechsnls»-s, Plates XXII and XXIII, vith associated 
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Two Tape Read-Record Mechanisms- .  
Front  View 

Plate XXII 
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Fig .  6 .7— T a p e  r e e l  m a g n e t i c  c l u t c h .  

+ 100 v o 

switches ,  pushbut tons ,  and l ights  are  mounted on each of  the  four  panels  
a t  the  r ight  of  the  ca lcula tor .  The connectors  to  the  pole  pieces  are  
p lugged to  the  upper  or  lower  p lughubs  
for  record  or  read opera t ions ,  respec
t ive ly .  The " read-record"  swi tch  must  
be  se t  correspondingly .  Tape i s  moved 
pas t  the  pole  p iece  t ips  by a  c lu tch-
dr iven capstan  a t  a  speed of  about  
28 inches  per  second.  A second c lu tch ,  
Fig .  6 .7 ,  control led  by the  c i rcui t  
shown in  Fig .  6 .8 ,  s tar ts  and s tops  
the  tape  supply  ree l .  When the  main  
c lu tch  s tar ts  the  tape  moving,  the  arm 
shown in  Fig .  6 .  8(a) is  ro ta ted  counter
c lockwise  by the  tens ion on the  tape .  
In  th is  pos i t ion  a  contact  i s  made to  
pick  up re lay  D, opera t ing the  c lu tch  
for  the  tape  supply  ree l ,  as  shown 
in  Fig .  6 .8(f t ) .  

TO POLE PIECE 

(a)  

6 . 8—C l u t c h  c o n t r o l  c t r c u  1  
f o r  o n e  o f  e i g h t  m e c h a n i s e s  •  
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•100 V. 
o 

DE-ENERGIZE 
CLUTCH SWITCH 

CI 
100 V. 
Q 

STOP 

COIL r 
B 

> 

START 
COIL 

CAPSTAN CLUTCH 
COILS 

II 
STOP 
COI r f l  START 

COIL 

SUPPLY REEL 
CLUTCH COILS 

Insuff ic ient  tape  or  
broken tape  in  any of  
the  e ight  mechanisms 
wi l l  cause  an  a larm to  
be  sounded,  and the  
ca lcula tor  to  s top.  
Spr ing contacts  sense  
for  these  condi t ions .  

The "motor"  swi tch  
on each of  the  four  
panels  controls  three  
motors ,  which dr ive  the  
tape  supply  and take-up 
ree ls  as  wel l  as  the  
capstans  for  both  mecha-

( 0 )  

F ig .  6 .8  (cont inued)  

nisms (Fig .  6 .9) .  The "c lu tches  off"  swi tch  associa ted  wi th  each mechanism 
de-energizes  both  the  s tar t  and s top coi ls  of  the  capstan  c lu tch ,  to  

fac i l i ta te  threading the  no v.  A . C .  

tape .  The "manual  oper
at ion"  pushbut ton t rans
fers  one  quant i ty  f rom 
the  tape  to  the  in ter 
media te  drum s torage  
channels  associa ted  wi th  
the  tape  read-record  
system,  or  v ice  versa ,  
depending on whether  the  
mechanism i s  se t  for  
reading or  recording.  
This  makes  i t  poss ible  
to  posi t ion an input  
tape at  the  s tart  of  a  
problem.  

Two l ights  are  pro
vided with each mechanism .  
The left-hand light 

P L U G  H U B  C O N N E C T I O N S  S H O W N  I N  F I G .  6 . 1 2  

Fig 6 .9  T w o  t a p e  r e a d - r e c o r d ,  m e c h a n i s m s .  
,  . .  i  «  is  in  use ,  e i ther  reading or  indicates  tha t  the  associa ted  mechanism i s  in  us  ,  s  
^ no-ht  a-oes  on  a f ter  the  mechanism has  been recording.  The r ight -hand l ight  goes  u j  
.  • i  another  tape  read or  record  opera t ion i s  

used,  and remains  on unt i l  an  
,  .  i- jo-hts  located  beneath  the  input-output  

in i t ia ted .  Four  addi t ional  l ights  ioca  
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mechanisms provide a visual indication of the state of the electronic 

circuits. All four lights are on when the circuits are reset. 

A block diagram showing the general organization of the tape read-

record system is given in Fig. 6.10. The two binary drum channels, 

and Ib, serve as intermediate storage between the magnetic tape and the 

SEQUENCE CODE CONTROL 

Fig. 6.10—Block diagram, tape read-record system. 

fast storage system of the calculator. To transfer one quantity from 

tape to channels Ia and 1^, or vice versa, requires about twenty-five 

cycles of machine time. During this time operations not involving the 

tape read-record system may be interposed. An automatic wait circuit 

delays the execution of the second of two successive commands involving 

the input-output system until the operations initiated by the first 

command have been completed. 

All quantities to be recorded on tape are derived from the C bus. 

Before the quantity on the C bus can be recorded on tape, a command must 

be given to cause this quantity to be stored on channels I and I . On 
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each channel the complete quantity is recorded serially three times in 

the following manner: the twenty 2* components, followed by the twenty 

4,2, and 1 components; then the 2* components again, etc. Once recorded, 

the digits are continuously regenerated through the playback pole pieces 

provided for this purpose. The four additional playback pole pieces on 

channels I and Ib make it possible to read information on these channels 

to the A and B busses of the calculator. A check may therefore be made 

to insure that the quantity on the C bus was correctly transferred to 

channels I . and I, before the tape recording is initiated. 

When the check has been passed, a command is given to record via any 

one of the eight mechanisms which has been preset for recording. Relays 

are picked up to connect the tape record circuits to the pole pieces on 

the selected mechanism, and the corresponding clutch coil is energized 

Fig. 6.11—Channels and Tft. 

.n„ The control circuits cause the digits on 
to start the tape moving. f d of regenerated, such that 

bo nrecesseu inst«du ^x 0 
channels and Ib to F successive binary components will be 
at Intervals of one number la units to the A  and B  tape record 

delivered from the Ia and Ib p cirCUits also deliver pulses derived 

circuits, respectively. The ^ &nd D tape record circuits. A check 

from the main storage drums o digits during recording, and 
is maintained between corresponding X 
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Fig. 6.12—Tape mechanism, selection circuit. 

the tape is stopped when a complete quantity has been recorded. 

To read a quantity from tape to the calculator, a command must be 

given selecting one of the eight mechanisms previously set for reading. 

As in recording, the clutch coil is then energized and the mechanism 

selection relays are picked up, providing connections from the selected 

pole pieces to the tape playback units. A ring counter of eight tubes, 

stepped by the C and 5 tape pulses, distributes the A and 5 playback 

information to trigger pairs A1-A8 and 51-58, respectively. A second 

ring of eight, controlled by pulses derived from the storage drums of the 

calculator, successively advances the A and 5 digits from these trigger 

pairs to trigger pairs A9 and 59. The digits in trigger pairs A9 and 

59 are then recorded on channels and Ib> respectively, and are pre-

cessed until the whole quantity has been played back from tape and re

corded serially on the intermediate storage channels. At this time the 

tape is stopped and the digits on channels JQ and are regenerated. 

A second command is then given to read the quantity on channel I to 

any desired fast storage register. A check to compare the quantitj in 

the fast storage register with the number on channel insures that 
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a l l  t ransfers  have been carr ied  out  correc t ly  and tha t  the  two quant i t ies  
read f rom the  tape  were  ident ica l .  

The de ta i led  opera t ion of  the  tape  read-record  sys tem may be  considered 
by re fer r ing to  Figs .  6 .11-6 .21.  Figure  6 .11 shows channels  I  and 
and the  associa ted  control  c i rcui ts  a t  the  s tar t  of  0  number  t ime on an  
even drum cycle .  A quant i ty  i s  t ransferred  from the  C bus  to  these  
channels  under  control  of  code C02*.  In  order  tha t  the  2*,  4,  2,  and 1  
components  wi l l  a lways  be  recorded in  the  sec tors  indicated  in  the  
diagram,  two se ts  of  number  t ime gates  are  provided for  each channel ,  to  
be used on odd and even drum cycles .  The d isplacement  of  one  number  
t ime between each d ig i t  on channel  I a  and the  ident ica l  t  digi t  on channel  
I b  corresponds  to  the  displacement  between d ig i ts  on the  A and B tape  

channels .  
The commands to  se lec t  a  mechanism for  e i ther  reading or  recording,  

codes  Al l ,A12, . . . ,A18,  control  the  c i rcui t  shown in  Fig .  6 .12.  An in te
gra t ion c i rcui t  de lays  the  se lec t ion so  tha t  in  case  the  sys tem i s  
complet ing a  previous  opera t ion there  wi l l  be  t ime to  resc ind the  command.  
Provided the  tape  r e a d - record  sys tem i s  not  in  use ,  one  of  e ight  t r igger  
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Fig. 6.14— T r i g g e r  p a i r s  J  h  J f  
J ,  « ,  L ,  t a p e  r e a d - r e c o r d  s y s t e m  
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L 
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PULSES TO TP,.* 
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TP K 

TP < 

3 R PULSES 
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1 
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•8 R PULSES 

A P B 

A T P  D E L A Y  

A REC (DRUM) 

A TAPE CHANNEL 

6 PS 

B T P DELAY 

B REC (ORUM) 

B TAPE CHANNEL 

C TAPE CHANNEL 

0 TAPE CHANNEL 

6 . 1 5 — T a p e  r e c o r d  t i m i n g  d i a g r a m •  
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pairs is tripped, causing three circuits to be energized. One delivers 

the "busy" signal to the sequence control circuits, to block commands 

involving the tape read-record system until the recording has been 

finished. A second energizes the clutch control relay C1,C2,...,C8 for 

the selected mechanism (Fig. 6.8). The third function of the trigger 

pair output is to energize relay Rl,R2,...,R8, which controls a circuit 

shown in Fig. 6.13. Of the seven relays energized through the R relay 

contact, five provide the record or playback connections to the pole 

piece coils, depending on the plugging. The sixth turns on the light 

associated with the selected mechanism, while the seventh controls the 

last-mechanism-used light, and also provides a connection to the +70 volt 

supply through the read-record switch contact. When a mechanism has 

been set for recording, the connection to the +70 volt supply energizes 

the first relay, 5148, in a relay delay line. This provides time for 

the tape to attain full speed before the digits are recorded on tape. 

Figure 6.14 shows three trigger pairs, J, k, and -t, which are used 

to start and stop the operation of recording. The pulses played back 

from the drum channel in the upper right-hand corner of the diagram oper

ate a playback whose output is low during number times 0 and 4 of even 

machine cycles and 2 number time of odd machine cycles. When the last 

relay in the delay line closes contact 5141-2, trigger pair J is tripped. 

The next time the output of the playback circuit changes from high to 

low voltage, the positive differentiated pulse applied to trigger pair j 

trips trigger pair k. In a similar manner, when the output of the 

playback changes from low to high voltage one number time later, trigger 

pair -t is tripped through trigger pair k. Trigger pair k starts pre

cession of information on channel Ia, while trigger pair -L starts 

precession of information on channel and initiates recording on tape. 

Figure 6.15 indicates the timing for the start and finish of one record 

cycle. 

Just one record circuit is provided for both the C and D pole pieces, 

which are connected to the output terminals for recording l's and O's, 

respectively. In order to record C and D pulses in alternate number 

times, the input to the record unit is high during odd number times 

(blank, 1, 3), and low during even number times (0, 2, 4). 

The four rings shown in Fig. 6.16 serve to count the digits as they 

are recorded. Ring 1, containing four tubes, is started as soon as 

trigger pair k has been tripped, and is advanced regularly by the record 

pulses at 3 and 13 digit times. Rings 2, 3, and 4, containing eight, 

four, and ten tubes, respectively, are advanced by pulses obtained from 



NUMERICAL INPUT AND OUTPUT DEVICES 163 

* CONDUCTING IN RESET POSITION 

Fig. 6.16—Tape record check circuit. 

the preceding rings, as indicated in the diagram. Since tape will 

continue to move after the clutch is disengaged, the clutch stop coil 

is energized when ring 4 reaches position 4, before the complete quantity 

has been recorded. Under control of ring 4, tube 4, trigger pair w 

(Fig. 6.12) is tripped, relay W is energized, and the clutch control relay 

Cl,...,C8, for the selected mechanism is dropped out. When ring 4 is 

in position 9 and ring 2 reaches position 7, trigger pair j of Fig. 6.14 

is reset. Consequently, trigger pairs k and will be reset causing 

regeneration to take place on channels and Ib, as indicated in 

Fig. 6.15. The ring counter is prevented from starting another count, 

and trigger pair u> and the trigger pair controlling the mechanism 

selection are reset (Fig. 6.12). 

The record check circuit shown in Fig. 6.17 checks for the presence 

of current pulses in the pole pieces, and also compares the polarity of 

the A  and B  pulses. 
Every time a C or D pulse is recorded, trigger pairs r and s are 

tripped. Trigger pair r is reset when an A digit is recorded and trigger 

pair s is reset when a B digit is recorded. Note that in case a 0 is 

recorded the pulse induced in the 1 coil is sufficient to reset the 

trigger pair. When any of these events fails to occur, the record pulses 

applied to the suppressor grids of the pentodes comprising trigger pairs r 

and 3 will trip the alarm trigger pair. 

For the comparison check, the digit from channel A is delayed one 

number time in trigger pair m and is thereafter advanced to trigger 

Pair q. The digit from channel B is read directly into trigger pair p. 

I f  a n d  o n l y  i f  t h e s e  d i g i t s  a r e  i d e n t i c a l ,  t h e  o u t p u t  f r o m  t r i g g e r  p a i r  q  

is low. In case the output of trigger pair q is high, the record pulse 
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a t  1  digi t  t ime wi l l  cause  the  a larm t r igger  pai r  to  be  t r ipped.  The A  
and 5  compar ison check i s  disabled a t  the  beginning and end of  recording 
and dur ing a l l  read opera t ions .  

As i s  indicated  in  Fig .  6 .12,  when a  mechanism i s  se lec ted  for  reading 
by code All ,A12,  .  .  .  ,A18,  the  corresponding se lec t ion t r igger  pai r  i s  
t r ipped and the  associa ted  R and C re lays  energized.  The C re lay  again  
controls  the  c lu tch ,  whi le  the  re lays  picked up through the  R re lay  
contact  provide  connect ions  f rom the  pole  p iece  coi ls  to  the  playback 

RINGS 3 AND * 
IN RESET 
POSITION (LOW) 

TO ALARM 

Fig.  6 .17 R i n g  c o u n t e r ,  t a p e  r e a d ,  — r e c o r d  s y s t e m .  

ci rcui ts .  The connect ion to  the  +70 vol t  supply  through the  read-record  
swi tch  contact  provides  the  s ignal  to  open a  pulse  gate ,  Fig .  6 .18,  
admit t ing  d i f ferent ia ted  pulses  f rom the  C playback to  the  even suppressor  
gr ids  in  r ing 5 .  Dif ferent ia ted  D pulses  are  del ivered to  the  odd sup
pressor  gr ids ,  caus ing the  r ing  to  s tep  once  for  each C or  D pulse .  I t  
i s  th is  r ing  of  e ight  tubes  which d is t r ibutes  the  A and B playback infor
mat ion in  t r igger  pai rs  A1-A8 and 51-58.  

The informat ion in  the  A  and 5  tape  channels  i s  del ivered to  playback 
c i rcui ts  through the  pole  p iece  coi ls  used for  recording l ' s .  This  
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FROM SELECTED C 
POLE PIECE 
(FIG. 6.13) 

FROM SELECTED D 
POLE PIECE 
(FIG. 6.13) 

ANY MECHANISM 
SELECTED (HIGH) 

FROM FIG. 6.12 

H »READ 
(FROM FIG. 6 .13) 

PB 

D F 

TRTR 
BUSY (HIGH) 

TO SEQUENCE 
CONTROL CIRCUITS, 

FIG. 7.7 

preserves the convention that a high voltage output from a playback 

represents a 1 and a low voltage, a 0. The tape playback circuits used 

here are similar to the fast storage playback circuits, but have dif

ferent circuit constants. Also, the final trigger pairs in the A and 

5 playback circuits are omitted. The playback outputs are distributed 

to trigger pairs A1-A8, B1-B8, Fig. 6.19, under control of differentiated 

pulses from ring 5. Thus the pulses from ring 5 serve the same purpose 

as the A1 pulses used 

in fast storage playbacks 

in that they arrive 

shortly after the cross

over point of the entering 

pulse and sense the 

polarity of the A and B 

digits. 

The first C pulse 

played back from the 

tape steps ring 5 to 

position 1, as indicated 

in Fig. 6.18 and the 

timingdiagram, Fig. 6.20. 

At this time no A or B 

digits have yet been 

played back, so that no 

information is stored 

in trigger pairs A1 and 

51. When ring 5 is 

stepped to position 2 

by the first D pulse, 

the A and B playback 

outputs, representing 

the 4 and 2* components of digit 18, respectively, are stored in trigger 

pairs A2 and 52. The next C pulse steps ring 5 to position 3, causing 

the 42-18 and 54-18 digits to be stored in trigger pairs A3 and 53. This 

process continues until the complete quantity has been read from tape. 

Meanwhile, when ring 5 reaches position 3, trigger pair j of Fig. 6.14 

is tripped. As in recording, trigger pairs k and I are subsequently 

tripped, the ring counter is started and the digits recorded on 

channels I and I. are precessed. At -1 digit time, precession is inter-
a b 

rupted and the digits stored in trigger pairs A 9 and B 9 are recorded 

TO EVEN 
SUPPRESSORS 

TO ODD 
SUPPRESSORS 

* CONDUCTING IN 
RESET POSITION 

Fig. 6.18—Ring 5, tape read-record system. 
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on channels  I  and I^  respect ively .  In  th is  way,  one  d ig i t  f rom tape  
i s  recorded on channels  I  and I^ in  each number  t ime.  Once recorded 
the  d ig i ts  are  precessed around the  channel  so  tha t  they wi l l  be  cor
rec t ly  located  when the  reading has  been completed .  

At  the  beginning of  each tape  reading opera t ion the  record  c i rcui ts  
of  channels  I  and I .  are  control led  by the  c i rcui t  shown in  the  center  a  b  
of  Fig .  6 .11.  This  c i rcui t  causes  O's  to  be  recorded in  channel  I Q  and 
l ' s  to  be  recorded on channel  I b  .  Thus  i f  no new informat ion i s  re
corded on e i ther  channel  due  to  some e lec t r ica l  fa i lure ,  the  ident i ty  
check appl ied  to  channels  I  and 1^ wi l l  s top the  machine .  

When t r igger  pai r  h  s tar ts  the  r ing  counter ,  r ing  2  wi l l  begin  
adv a n c i n g  o n e  A  a n d  o n e  B  d i g i t  a t  a  t i m e  t o  t r i g g e r  p a i r s  A 9  a n d  B 9 .  

FROM SELECTED A 
POLE PIECE 
(FIG. 6.13) 

L^l 

j ̂  | Q-« 1j t»2 S~Eh' 11T> | Eh' 11 * ,P I ̂*~ 

-Eh -Eh 
iarL- A-*"0* « Vow*, t  

MZF~hh' QO-Eh1 11T" I H~hh? I * ».p * (— 

FROM SELECTED B 
POLE PIECE 
(FIG 6 13) 

LOT13" LOT 

^£>~Eh' 

•Eh Ehs 
1 L .  I  FROM CONTRO 
j r~ [GRIDS. RING 3 

—0-'}ZK. CONTROL 
RING 2 

Fig.  6 .19—ITr i g g e r  p a i r s  A 1 - A 9 ,  B 1 - B 9 ,  t a p e  r e a d - r e c o r d  s y s t e m .  

To make sure  tha t  r ing  2 wi l l  not  over take  r ing  5  and read out  some 
inf  ormat ion twice ,  a  condi t ional  s top i s  made by rese t t ing  t r igger  pai r  J f  

Fig.  6 .14,  each t ime r ing  2  reaches  pos i t ion  7 .  I f  r ing  5  i s  in  posi t ion  
3 ,  4 ,  5 ,  or  6 ,  or  reaches  one of  these  pos i t ions  before  a  cycl ing pulse  
a r r ives  a t  the  suppressor  gr ids  of  t r igger  pai r  J ,  then t r igger  pai r  j  
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will be tripped out of the reset position, and the cycling pulse will 

not change the position of trigger pair k. However, if trigger pair j 

remains reset long enough for a cycling pulse to arrive and reset trigger 

pair k, then rings 1, 2, 3, and 4 are stopped, and the channel I re
el 

generation gate is opened. One number time later trigger pair is 

tripped, causing the channel 1^ digits to regenerate also. Meanwhile, 

ring 5 continues to store information from the tape in trigger pairs 

Al, ... ,A8,Bi,..., 58. As soon as ring 5 reaches position 3, trigger 

pair j is tripped out of its reset position, and, under control of the 

cycling pulses, the counter rings and the precession controls are started 
again. 

The clutch is stopped as in recording, when ring 4 reaches position 4. 

Ring 5 stops when all the C and D pulses associated with one quantity 

on tape have been played back. The last two digits in tape channels A 

and B are therefore never stored in trigger pairs nor recorded on 

channels I a and Ib. However, since they are both components of non-

informative digits, this is of no importance. 

Two check circuits are associated with the rings. One, shown at the 

right of Fig. 6.21, insures that all five rings are in their reset posi

tions at the start of an operation. The second, shown in Fig. 6.21 on 

the left, checks to see that ring 2 steps at the proper times by com

paring two ring positions with the cycling voltage delivered to trigger 

pair J. The checks are effective in both read and record operations. 

The check on ring 2 is especially important in reading, since it is 

ring 2 which advances digits into trigger pairs A9 and £9. 

The controls for the last-mechanism-used lights are shown at the right 

in Fig. 6.13. When code A11,...,A18 energizes relay 121,...,128, at the 

start of either a read or record operation, a corresponding relay, 

M 1,...,M8 is energized, turning on the associated light. When ring 4 

reaches position 1, relay N is energized and held, regardless of which 

mechanism was selected. This causes the M relay for the mechanism just 

selected and also the M relay for the last mechanism selected to be 

dropped out. When ring 4 reaches position 6, relay N is dropped out. 

Then the U relay for the mechanism in use is energized again, and held 

until another mechanism is selected. 

This chapter concludes with a description of the five printers. Each 

is a separate unit consisting of the following parts: 

1. a tape playback mechanism, Plate XXIV, and playback circuits, 

for reading numerical information from magnetic tape; 

2. relays of the six-contact type, mounted on the rear panels of 
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RING I RING t 

Fig. 6.21—Ring check circuit, tape read-record 3ystem. 

the left wing of the calculator, Plate XXV, for storing the digits played 

hack from tape; 

3. step switches for delivering digits from the playback circuits 

to the storage relays, and from the relays to an electrically operated 
typewriter, Plate XXVI; 

4. switches and plugs on the front panel, Plate XXVII, to de

termine the typography of the printed page; 

5. step switches and relays to control the printing of arguments, 

the time delay for a typewriter carriage return, and the interlinear 
spacing; 

6. cams of the type used in the Mark II Calculator, to supply 

timed electrical pulses for the operation of the step switches. The 

cams are in the lower section of the typewriter table, Plate XXVIII 

along with the cams required by the two tape preparation units and the 
calculator's manual control circuits. 

First consider the manual controls, which must be set before a printer 

is placed in operation. At the top of the control panel, the print jacks 

must be connected to the twenty-four column-selection jacks to determine 

the arrangement in which the sign and digits of each quantity are to be 

printed. A positive or negative quantity will be preceded by a space 

or a minus sign, respectively. The decimal point (DP) and spaces (SP) 

may be plugged between digits as desired. The argument control plugs 

CACr,ACz) make it possible to limit the number of digits printed in 

arguments. The first plug must be connected in front of the highest 

order digit to be included in arguments, and the second following the 

lowest order argument digit. If desired, the decimal point maybe omitted 

in argument printing by throwing the D.P. cut-off switch. 

There are twenty-five toggle switches in the lower portion of the 
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Plate XXIV P r i n t e r  T a p e  M e c h a n i s m  
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front  panel ,  associated with the twenty-five s teps of a  s tep switch.  The 
s tep switch is  advanced one s tep for  each quanti ty played back from tape,  
causing the quanti ty to be printed as an argument only when the step switch 
is  on a  s tep for  which the corresponding switch has been thrown. Thus i f  
every argument is  to be fol lowed by n functional  values,  then every (n+l)st  
switch must  be thrown. The four switches immediately below the last  four 
argument control  switches are provided to reset  the step switch,  omitt ing 
when necessary the controls  on one or  more of  the last  four s teps.  If  
twenty-five divided by n  + 1  leaves a remainder r ,  then r  of the lower 
switches must  be thrown. 

The f i f teen drop-zero switches for  columns 2 through 16 prevent  the 
print ing of zeros in front  of  the highest  order non-zero digi t  when this  
d-igi 'k  i s  to the lef t  of the decimal point .  When a  zero occurs in a 
column for  which the drop-zero switch has been thrown, a  zero is  not  
printed unless one or  more of  the higher order digi ts  was not  zero.  
Instead,  a  space or  minus s ign is  printed,  depending on the information 
in the next  lower column and on the algebraic s ign.  For example,  i f  the 
operat ing decimal point  is  between columns 12 and 13,  drop-zero switches 
in columns 14,  15 and 16 are thrown, and spaces plugged to print  the 
decimal digi ts  in groups of  four,  then for  these numbers recorded on tape,  

( a )  0 0 0 0 1 2 3 4 5 6 7 8 9 1 2 3 4  

O )  9 0 0 0 0 0 0 1 2 3 4 5 6 7 8 9 0  

( c )  0 5 0 0 0 6 7 8 9 1 2 3 4 5 6 7 8  

the printed results  wil l  appear as  fol lows:  

1.2345 6789 1234 

-0.0012 3456 7890 

5000.6789 1234 5678 

The amount of  information to be printed on one l ine is  determined by 
adjust ing the margin controls  on the typewriter  carr iage,  the capacity 
being ninety-f ive characters .  A microswitch on the r ight  margin of  the 
typewriter  provides for  a carr iage return at  the end of each l ine.  

Interl inear  spacing is  determined by the posi t ions of two switches 
One provides a  blank l ine between ei ther  every three or  every f ive l ines 
of  print .  The other ,  in the on posi t ion,  marks the end of  a  page by 
supplying thir teen blank l ines,  ei ther  af ter  every ten groups of  f ive 
l ines each or  af ter  every twenty groups of  three l ines each.  

Five print  switches are provided to determine whether the"information 
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recorded on the A or B tape channels is to be printed. There is also a 

check switch, determining whether or not the A and B digits are to be 

compared before printing the A digits. Normally the print switches are 

in the A position and the check switch in the check position, causing 

the A and B digits played back from tape to be stored in two sets of 

relays, the print and check relays. Each A digit is then delivered to 

the typewriter solenoids and printed. At the time of printing each A 

digit is compared with the corresponding B digit through contacts located 

in the typewriter, insuring that the digit is printed and also that it 

is the same on both tape channels. However, for test purposes the A 

channel digits may be printed without a check by repositioning the check 

switch. When the print switches are in the B position, the B information 

will be stored in the print relays and printed. Since in this case the A 

digits are not stored, no check may be made and the check switch must be 

in the no-check position. 

As on the tape read-record mechanisms, insufficient tape or broken 

tape in a printer mechanism will cause an alarm to be sounded, through 

Fig. 6.22 —Printer alarm circuits. 

the circuit shown in Fig. 6.22. Spring contacts are again used to sense 

for these conditions. 
Before starting a printer, the power must be turned on by throwing 
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START CLUTCH 
I (T70) 

-20 V — 

STOP CLUTCH 
I1T74) 

ii 
T. P.  J — 

+250 V O 

+ I50V r 
X" 

1_ 

the switches associated with the f i la
ments,  the posi t ive and negative voltage 
supplies,  and the motors.  The alarm 
hell  cut-off  switch must  be in the on 
posi t ion to s tar t ,  though i t  may be 
turned off  la ter .  The s tep switches 
and electronic circuits  must  be in their  
reset  posi t ions,  indicated by associated 
l ights .  The print ing may be done one 
quanti ty at  a  t ime or  continuously.  

When the s tar t  button is  depressed,  
the s tar t  clutch relay is  energized,  
Fig.  6.23,  t r ipping the clutch control  
t r igger pair .  The clutch s tar t-coil  
is  then energized and the tape s tar ts  
moving.  As the tape is  run at  the 
comparat ively slow speed of  1 .4 inches 
per  second,  a  larger  number of  turns 
than usual  is  used in the pole piece 
coils  in order to obtain playback signals  
of  suff icient  ampli tude.  In addit ion,  shielded transformers mounted 
direct ly behind the pole pieces amplify the s ignals  before they are 
del ivered to playback circuits .  

"1 

TO POWER TUBE 
CONTROLLING 

STEP SWITCH 2 
(FIG. 6.26) 

v START STOP, 
V 

TO CLUTCH 
COILS 

Fig.  6.23 - C l u t c h  c o n t r o l  
c i r c u i t  f o r  p r i n t e r .  

C (ORD) 
PULSE FROM -
POLE PIECE 

TWO STAGE 
AMPLIFIER 

.-©-Kg)— - C (OR 0) PULSE OUT 

C PULSES 

A (OR B) 
PULSE FROM -
POLE PIECE 

TWO STAGE 
AMPLIFIER 

A-C (OR B-C) 

A-D (OR B-D) 

ID PULSES 

Fig* 6.24-—Printer playback circuits. 

The playback circuits  
used in the printers  are 
indicated in Fig.  6.24.  
Each C or D pulse,  af ter  
amplif icat ion,  operates 
a  tr igger pair ,  the output  
of  which is  fed to an 
inverter  and a cathode 
f o l l o w e r .  E a c h  A  o r  B  
digit ,  af ter  amplif i
cat ion,  operates two 
pentode t r igger pairs .  
The C and D playback 
outputs  are used to 
advance digi ts  through 
the two pentode tr igger 
pairs  to tr iode tr igger 
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pairs. The outputs of the A  and B  playback circuits are labeled A - C ,  

A-D, B-C, and B-D, indicating whether a C or D pulse advances the digit 

to the final trigger pair. 

The timing for one print operation is indicated in Fig. 6.25. The C  

and D pulses played back from tape are used to step a ring of four, 

Fig. 6.26. The ring in turn controls a number of gates for delivering 

coarmot «jho» o* m* tum« 

ROWERTOSEstf) ©©©©©© 

Wailn rJr-

•{i 
(2*1 -

'•own# • a  

ITVIWIO. | 

Fig. 6 . 2 6 — P r i n t e r  p l a y b a c k  a n d  g a t e  c i r c u i t s  

the A and B  digits from the playback circuits to the wipers of two step 

switches, 1 and 2, which are stepped by the ring. The si,-contact relays 

for storing the digits are connected to the first four levels of the 

step switches as indicated In Fig. 6.27. print relays, 

Z * rthe Sl8n a"d "lnary °omone„t the quantity to be printed. 
The check relays, PB1.PB2,... PB66 ctnno „ . 

' ' store the B  channel information when
ever the A channel information is to be nHnto^ 
... , . . .. printed. Four of the five switches 
indicating whether channel A  or channel f t  -ir,e 

.. +. cnannel B  information is to be printed de
termine the connections to the sten + 

• p, P switch wipers, Fig. 6.26. In the 
position shown, the channel A  digits win w 
and the nhonnoi » a« + . Qlglts 1,111 stored in the print relays, and the channel B digits in the nheeu i 

the step switch phasing for x and * prilmT'to T H"""" "̂ 'b  
digits, which are one digit out of phase on th elther the A °r 

print relays. the tape' to be stored in the 

On step 5 of step switch 2, the sta^t e • 

A cam-timed voltage energises relay SP2 U 

relay spa through the ypi-i contact. These 
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i TO SW. 56-2 (-120 V) 

TO STEP SWITCH 7. 
FIG 6 33 

STOW CLUTCH 
' to m. no o ts> 

Pig. 6.28— P r i n t e r  s t e p  s w i t c h  5. 

relays are then held through the SPl-6 and 5p2 i , • «. 
and the normally c losed  m.t c o n t a c t  "-'contact,. reepectltel, 
coll of step svitch 5. Plg 8 28 * Thr°Ugh the <=»"""• ll 

thi, step switch, controlling the'printTnT"2" ̂  ' "°H"' 
quantity to he printed. The first ,h complete, one cycle for »c 
nected to the column-selection lacks vMcTh' °n 8t'"" '"S4 *" "" 

'  hich have been plugged In son  
A  P Y R A M I D  

( 1 6 )  

< )  

i 
PA3-4 

) 

PA4-4 

V PA5-5 1 
2 

1 
3 4 5 

B  P Y R A M I D  

(16) 

PB2-3 
•« 

PB3-4 

PB4-4 

PB5-6 PB5-5 "i n 
PB3-3 

1 

Fig. Q . 2 9 - P r t n t e r .  r - e l a u  n, e l a y  P y r a m i d s  

IPB4-3 

PB5-4 PB5 r'l n 2 3 4 5 6 78 9 
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CONTACTS ON TYPEWRITER BARS 
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Fig. 6.30—Printer check circuits. 
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arrangement to the print  jacks.  Thus cam-timed pulses coming through 
wipers 1  and 3 to the print  jacks are del ivered through relay pyramids,  
Fig.  6.29,  to the typewriter  solenoids and the print-check circuit ,  
respectively.  The printer  check circuits  are shown in Fig.  6.30.  When 
the solenoid for  the minus s ign or  for  a digi t ,  0-9,  is  energized,  a 
type bar  is  raised,  making contact  with a  small  copper al loy s tr ip mounted 
on the typewriter .  Through this  contact ,  or  through amicroswitch contact  
underneath the space bar ,  a  relay,  CI, .  . . ,  C12,  C15,  i s  picked up,  causing 
one of  the normally closed C relay contacts  to open.  The cam-timed 
voltage coming through the check relay pyramid wil l  then energize the 
check alarm relays,  AL1 and AL3 ,  when the A and B digits  are not  the same. 

Pulses coming through wiper 2 on s tep switch 5 are used in the non
zero sensing circuit ,  Fig.  6.31.  The relays £16-^22 are energized when 
the decimal digi ts  in columns 16-2,  respectively,  are not  zero.  Through 
the Z relay contacts  in conjunction with the drop-zero switches,  the 
zero,  space,  or  minus s ign solenoid is  energized when a  zero occurs in 
a  column for  which the drop-zero switch has been thrown. 

On s tep 11 of s tep switch 5,  a s ignal  is  given through wiper 6 to 
s top the tape,  s ince one complete quanti ty has now been played back 
and s tored in relays.  On s tep 25,  the end-print  relay,  EP1 ,  is  ener
gized through wiper 1 ,  causing the print  relays,  check relays,  and Z 

relays to be dropped out .  On the same s tep through wiper 3,  ei ther  the 
space or  carr iage return solenoid on the typewriter  is  energized,  under 
control  of  the microswitch.  I f  the space solenoid is  energized,  then 
a  signal  is  given,  through the EP1-5 contact  and the normally closed 
GR1-2 contact ,  Fig.  6.32,  to s tar t  the clutch.  However,  i f  the carr iage 
return solenoid is  energized,  this  signal  is  not  given unti l  the type
wri ter  has performed a carr iage return.  

When the carr iage return solenoid is  energized,  relay CR1 is  picked 
up,  through the normally closed contacts  PC1-4 and PC 3 - 2 .  Through 
contact  C R 1-2 ,  a cam-timed voltage energizes the coil  of  s tep switch 3 
Through the connections on level  1,  the step switch is  now advanced ten 
s teps.  This provides the t ime delay for  a  carr iage return.  On s tep 10 
a  signal  is  supplied to s tar t  the clutch,  through wiper 3  and the normally 
closed contact  PC1-3.  Step switch 3 then waits  on s tep 11 unti l  the 
carr iage return solenoid is  energized again.  The same operat ions are 
performed on s teps 11-20 as on s teps 1-10.  

The sane impulse vhich picks up relay Ml energises the coil  of  s tep 
svi tch 6,  causing i t  to s tep once at  the beginning of each carr iage 
return delay.  On s tep 8 of s tep svitch 3,  a  cam-timed voltage is  
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Fig. 6.33—Argument printing controls. 

delivered through wiper 2 to the first or second wiper on step switch 6; 

and on step 9 of step switch 3 a cam-timed voltage is delivered through 

wiper 2 to the third or fourth wiper on step switch 6. The position of 

the line-grouping switch determines which wipers are pulsed. Through the 

connections on levels 1 and 2 of step switch 6, the coil of step switch 4 

is energized. Through the connections on levels 3 and 4 of step switch 6, 

the carriage return solenoid is energized, providing blank lines at the 

specified intervals. 
At the end of each page, provided that the end-of-page switch is in 

the on position, step switch 4 will have advanced to step 10. Thirteen 

blank lines are then supplied in the following manner. Referring to 

Fig. 6.32, it is seen that step switch 3 provides a carriage return delay 

in the usual way following the last line of type. On step 8 of step 

switch 3, a cam-timed voltage is supplied through wiper 1 or 2 on step 

switch 6 to wiper 1 on step switch 4 and picks up relay PCI, which is 

held through contact PC1-1 and the normally closed contact PC2-3. At 

the same time the coil of step switch 4 is energized. Then relay PC3 is 

picked up through contact PCl-2, and held through contact PC3-1 and the 

normally closed contact PC2-3. Through step 9 of step switch 3, the 

coil of step switch 6 is energized, but as the connection to the carriage 

return solenoid has been broken, no blank line is supplied at this time. 

Through contact PC3-3 the coil of step switch 4 is now energized once 

every second. Through contact PC3-2 the carriage return solenoid is 

energized twice every second, supplying twelve blank lines on steps 11-16 

of step switch 4. On step 17 a thirteenth blank line is supplied, and 

at the same time relay PC2 is picked up through wiper 1 on step switch 4. 

The start clutch signal is given when contact PC2-2 closes; and relays 
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PCl  and  PC3 a re  dropped  ou t  when contac t  PC2-3  opens .  S tep  swi tch  4  i s  

re turned  to  i t s  rese t  pos i t ion  through the  connec t ions  on  l eve l  6 .  

F igure  6 .33  shows s tep  swi tch  7  and  the  assoc ia ted  cont ro ls  for  
a rgument  p r in t ing .  The  s tep  swi tch  i s  advanced  one  s tep  for  each  quant i ty  

p layed  hack  f rom tape ,  hy  means  of  a  cam-t imed vo l tage  suppl ied  f rom 
s tep  swi tch  5 ,  wiper  4 ,  s tep  1 .  I f  s tep  swi tch  7  i s  on  a  s tep  for  which  

the  argument  cont ro l  swi tch  has  been  th rown,  then  re lays  AC1 and  AC2 

are  energ ized .  The  AC 1-1  contac t  ho lds  re lay  AC 1 through the  normal ly  

c losed  contac t  EP1-4  unt i l  the  end  of  the  pr in t ing .  Relay  AC2 i s  he ld  

th rough contac t  AC2-1  and  the  normal ly  c losed  contac t  AC4-1 .  The AC2-2  

contac t  p revents  the  space  so lenoid  on  the  typewr i te r  f rom be ing  ener 

g ized  except  by  a  p lus  s ign .  Thus  as  s tep  swi tch  5  scans  the  pr in t  jacks  

p receding  the  f i r s t  AC plug ,  a  typewr i te r  so lenoid ,  space  or  minus ,  i s  
energ ized  only  fo r  the  a lgebra ic  s ign .  When s tep  swi tch  5  reaches  the  
f i r s t  AC plug ,  re lay  AC4 i s  energ ized  through contac t  AC1-3 .  Relay  AC2 

i s  dropped  ou t  when contac t  AC4-1  opens .  Af te r  the  d ig i t s  be tween  the  
AC plugs  have  been  pr in ted ,  s tep  swi tch  5  reaches  the  second AC plug  and  

energ izes  re lay  AC3 th rough contac t  AC1-2 .  Contac t  AC3-2  opens  and  

p revents  fu r ther  d ig i t s ,  except  p lugged  spaces ,  f rom be ing  pr in ted .  



CHAPTER VII  

SEQUENCING AND CONTROL 

The  c i rcu i t s  to  be  descr ibed  in  th i s  chapter  provide  the  cont ro ls  

necessary  fo r  both  au tomat ic  and  manual  opera t ion  of  the  ca lcu la tor .  In  
au tomat ic  opera t ion  the  ca lcu la tor  may:  1 )  read  and  per form a  sequence  
of  ins t ruc t ions  prev ious ly  recorded  on  the  ins t ruc t iona l  s torage  drum;  
2)  in te r rup t  a  sequence  under  cont ro l  of  a  ca l l  o r  success fu l  condi t iona l  
ca l l  command,  and  s ta r t  a  new sequence  a t  the  l ine  number  de l ivered  to  
the  l ine  number  reg is te r ;  3)  in t roduce  a  wai t  when  a  read  or  record  code  

i s  g iven  whi le  the  tape  read- record  sys tem i s  s t i l l  engaged  in  a  read ing  
or  record ing  opera t ion ;  4)  supply  codes  under  cont ro l  of  the  i  reg is te r  
and  func t ion  sens ing  reg is te r ;  5 )  s top  under  cont ro l  of  the  check-s top  

reg is te r .  
The  manual  con t ro ls  enable  the  opera tor  to  do  the  fo l lowing:  l )  record  

Ins t ruc t ions  on  the  ins t ruc t iona l  s torage  drum f rom tape ,  e i ther  one  
l ine  a t  a  t ime  or  cont inuous ly ,  and  to  inspec t  the  codes  and  l ine  numbers  

in  l igh ts  when des i red ;  2)  cause  the  ca lcu la tor  to  s ta r t  e i ther  on  a  
spec i f ied  l ine  or  on  the  l ine  fo l lowing  the  l as t  l ine  per formed,  and  

having  s ta r ted ,  e i ther  to  per form jus t  one  l ine  or  to  cont inue  in  
sequence ;  3 )  read  to  l igh ts  e i ther  a  spec i f ied  l ine  of  coding  or  the  
l as t  l ine  per formed by  the  ca lcu la tor ;  4)  s top  the  ca lcu la tor  e i ther  
immedia te ly  o r  when i t  a r r ives  a t  a  spec i f ied  l ine ;  5)  cause  the  ca lcu
la tor  to  per form a  command reg is te red  on  the  cont ro l  pane l  e i ther  once  
or  repea ted ly ,  fo r  t es t ing ;  6)  read  a  command reg is te red  on  the  cont ro l  

pane l  e i ther  to  l igh ts  or  to  the  ins t ruc t iona l  s torage  drum.  
A b lock  d iagram of  the  sequenc ing  c i rcu i t s  i s  shown in  F ig .  7 .1 .  In  

normal  opera t ion  a  command i s  p layed  back  and  advanced  to  t r igger  pa i r  1 .  
A cyc l ing  pu lse ,  der ived  f rom the  main  s to rage  drums,  then  advances  

the  A opera t ion ,  and  B codes  to  the  appropr ia te  cont ro l  pyramids .  The  
C code  i s  advanced  to  t r igger  pa i r  2 ,  and  de layed  before  de l ivery  to  
the  C cont ro l  pyramid .  One  cyc le  l a te r  the  next  command i s  p layed  back  

f rom the  drum and  advanced  in  a  s imi la r  fash ion .  
Whenever  a  command i s  g iven  to  ca l l  a  par t icu la r  l ine  of  coding ,  the  

cyc l ing  c i rcu i t s  s top  the  pu lses  used  to  read  out  commands .  The  se r ia l  
numbers  p layed  back  f rom the  drum a re  compared  in  the  match ing  c i rcu i t  

wi th  the  number  s to red  in  the  l ine  number  r eg is te r .  When a  match  i s  
obta ined ,  the  cyc l ing  pulses  a re  res tored .  The  des i red  l ine  of  coding  
wi l l  then  be  advanced  to  the  cont ro l  pyramids  and  opera t ion  i s  resumed.  
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Fig. 7.1 Block diagram of sequencing circuits. 

The matching circuit is used in a similar way to find a particular line 

on which the calculator is to start, stop, or on which a command is to 
he recorded. 

The instructional storage drum is shown in Plate V and Fig. 7.2. This 

drum is mounted vertically and driven at a speed of about 1725 rpm. The 

drum is 50 inches in circumference and 32.8 inches in length. Digits are 

recorded with a density of about twenty per inch around the periphery 

of the drum, allowing 1001 digits to be recorded in each channel. 

One digit of the 1001 digits recorded in a channel is non-informative, 

while the remainder represent coded instructions. Advance pulses are 

supplied to the sequence playbacks so that every 125th digit is read 

out. In this manner all the digits recorded on a channel may be read out 

in 125 revolutions of the drum. The positions of the serial numbers 

which identify the coded information are shown in Fig. 7.3. The binary 

channels on the instructional storage drum are allocated as shown in 
Table 7.1. 

The number storage drums and the instructional storage drum are driven 

by separate motors. Compensation for the lack of synchronism between 
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Fig .  7 .2— I n s t r u c t i o n a l  s t o r a g e  d r a m .  

these  drums i s  made in  the  e lec t ronic  c i rcui ts  associa ted  wi th  the  
sequencing sys tem.  Two se ts  of  pulses  are  used to  control  these  c i rcui ts .  
The pulses  M }  ,  M z ,  i i 3 ,  and U h ,  occurr ing a t  the  t imes  indicated  in  

T a b l e  7 . 2  a r e  d e r i v e d  f r o m  t h e  m a i n  s t o r a g e  d r u m s .  T h e  p u l s e s  S ,  ,  S 2 ,  

S 3 ,  S 4 ,  and S 5 ,  t imed as  shown in  Fig .  7 .4 ,  are  obta ined f rom f ive  

channels  on the  ins t ruct ional  s torage  drums.  
An addi t ional  pulse  channel ,  indica ted  in  Fig .  7 .5 ,  i s  used to  control  

the  read-out  of  commands and ser ia l  numbers  f rom the  playback c i rcui ts .  
Of the  three  pole  p ieces  provided on the  channel ,  one  i s  for  recording 
l ' s ,  the  second i s  for  playback,  and the  th i rd  i s  for  recording O's .  In  
normal  opera t ion,  a  1  d ig i t  i s  recorded,  and p layed back 125 sequence 

pulse  t imes  la ter  by an  5 ,  pulse .  
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When the  go s ignal  
i s  suppl ied  to  open 
the  pentode gate  des ig
nated  599 in  Fig .  7 .5 ,  
each 1  digi t  p layed hack 
causes  the  fo l lowing 
to  take  p lace:  1)  the  
c i rcui t  which records  
O's  i s  s tar ted  to  erase  
the  1  digi t ;  2)  another  
1  i s  recorded on the  
cycl ing channel  so  tha t  
i t  may be  p layed back 
125 d ig i t  t imes  la ter ,  
caus ing the  next  coded 
command to  be  read out ;  
3)  an  5 2  pulse  i s  gated  
to  the  l ine  number  
p layback c i rcui ts ,  and 
an S 1  pulse  to  the  code 
p layback c i rcui ts ,  in  
order  to  read out  a  
command and i t s  l ine  
number .  

As  indica ted  in  the  
l o w e r  l e f t  o f  F i g .  7 . 5 ,  5  

ADVANCE PULSE 

OUTSIDE NUMBERS :  LOCATION OF SUCCESSIVE COMMANDS 
INSIDE NUMBERS :  CONSECUTIVE PULSE POSITIONS 

Fig.  7 .3— C r o s s  s e c t i o n  o f  i n s t r u c t i o n a l  
s t o r a g e  d r u m .  

4  p u l s e s  a r e  used to  record  O's  in  the  erase  
c i rcui t .  In  order  to  insure  complete  erasure  th^  ?  ™ i  r  erasure  tne  5^  pulses  are  accura te ly  

t imed re la t ive  to  the  5 ,  
TABLE 7 .1  

Al locat ion of  channels  on 
s torage  drum 

ins t ruct ional  

Informat ion Number  of  
Channels  

Cycl ing pulses  6  
Ser ia l  Numbers  000-999  12 
Commands 0000-0999 38 
Commands 1000-1999 38 
Commands 2000-2999 38 
Commands 3000-3999 38 

pulses  used to  record  l ' s .  
Thus  a  1  d igi t  on the  cycl ing 
channel  i s  normal ly  erased 
121 d ig i t  t imes  af ter  being 
p layed back.  I f  the  go 
s ignal  i s  removed,  however ,  
the  erase  c i rcui t  wi l l  be  
s topped a l lowing the  las t  

d ig i t  recorded to  remain  
on the  channel .  When the  go 
s ignal  i s  res tored th is  
d ig i t  may be  used to  s tar t  
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n i 
JL IL 

the  calculator  on the l ine fol lowing the las t  l ine executed.  
A regenerat ion path i s  formed by the playback,  gate  5120,  gate  598,  

and the 1  record c i rcui t .  This  path is  opened by 5120 whenever  a  cal l  
occurs ,  thus  interrupt ing the recording of  l ' s  unt i l  a  match i s  obtained.  

In  normal  operat ion,  when the 
calculator  i s  execut ing suc
cessive l ines  of  coding recorded 
on the drum, gate  5121 i s  opened 
every t ime a  1  digi t  i s  played 
back from the cycl ing channel .  
The 5 2  pulses  obtained from gate  
5121 are  used to  advance the 
l ine numbers  f rom the l ine number 
playbacks to  associated t r igger  
pair  s torage.  As indicated in  
the block diagram, Fig.  7 .1 ,  the 
l ine numbers  may be del ivered 
ei ther  to  the matching c i rcui t  

s .  

s 5  

-ONE SEQUENCE PULSE TIME — 
(APPROX. 33 MICROSECONDS) 

Fig.  7 , 4 r - R e l a t i v e  t i m i n g  o f  s e q u e n c e  
c y c l i n g  p u i s  e s .  

or  to  the re lays  control l ing the l ine number d isplay l ights .  In  case a  
command i s  to  be recorded on a  par t icular  l ine of  the drum, however ,  
cate  5121 i s  opened by the record match s ignal  obtained from a  re lay 
contact .  In  this  manner  cont inuous 5^ pulses  are  suppl ied to  the l ine 
number playbacks so that  each l ine number may be examined in  the matching 

c i rcui t .  Cont inuous S z  pulses  
are  a lso suppl ied by gate  5121 
in  case a  par t icular  l ine of  
coding i s  cal led.  In  this  case 
a  cont inuous high vol tage is  
appl ied to  the gr id  of  gate  5121 
by t r igger  pair  2 .  This  t r igger  
pair  may be t r ipped by an M 3  

pulse  when a  cal l  i s  made auto
matical ly  by a  coded instruct ion.  
I t  may a lso be t r ipped by a  dif
ferent ia ted pulse  from a  re lay 

contact  which i s  closed when a  manual  cal l  i s  made as  in  s tar t ing the 
•calculator  or  reading information to  l ights .  

The output  f rom t r igger  pair  2  a lso prevents  a  1  from being recorded 
on the cycl ing channel  unt i l  the desired l ine has  been found.  This  i s  
accomplished by c losing the gate  5120 and opening the gate  5119.  Then a  

TABLE 7 .2  

Timing of  u z ,  M 3 ,  and pulses  

Type of  Digi t  Number 
Pulse  Time Time 

a 2  18 4 

u z  A y  -1  blank 

U  3  R  -1  blank 

u h  A 2  -1  blank 
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played back 1 digit trips trigger pair 3. An 5, pulse, gated at 1, 2, 
3, or 4 number time, is read through trigger pair 3 to trip trigger 
pair 4. As soon as a match signal is obtained from the matching circuit, 
indicating that the desired line has been found, a signal to record a 1 
is delivered through gate 596 and through the combining gate 598. This 
signal also causes trigger pair 5 to be tripped, permitting an 5, pulse 
to be delivered to the playback circuits for the thirty-eight code digits. 
The 5, pulse also serves to reset trigger pairs 2 and 3, and is used in 

•Ui/ T H O , )  TO T P 6.H 
T P (FIG. 7 6) 

5 

Si PULSES TO CODE 
PLAYBACK CIRCUITS 

Fig. 7.5 — C y c l i n g  p u l s e  c o n t r o l  c i r c u i t .  

the circuits shown in Fig. 7.6. When trigger nalr 2 -i • o -Ls&tJr pair <2 is reset the next 
S2 pulse resets trigger pair 4, thus restoring the circuit to i t  
condition. circuit to its normal 

Referring to Fig. 7.6, it is seen that a gated 5, pulse from the 
circuit she™ in Fig. 7.5 resets trlgger pa±r 6_ ^ ̂  « 

signal. The first following M pulse resets trigger pair 7 the t t 
or »hlch is hirrerentl.te* to trIp trl̂ TalT 



SEQUENCING AND CONTROL 195 

GATED S, PULSES 
(FROM FIG. 7.5) 

M, .  
PULSES 

PULSUS" 

M2 PULSES 
(TO ADVANCE COMMANDS 

TO TRIGGER PAIRS 
FEEDING CONTROL 

PYRAMIDS) 

Fig. 7.6—Sequence cycling circuit, 

U pulse  reads  through t r igger  pai r  8  and serves  two purposes :  1)  i t  
t r ips  t r igger  pai r  9 ;  2)  provided the  gate  548 i s  open,  i t  ar r ives  a t  
terminal  7*22 and advances  a  command,  read out  by the  previous  gated  5 1  
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pulse, to the trigger pairs controlling the pyramid circuits. The fol

lowing U3 pulse resets trigger pair 8, provided the gate 530 is open. 

The following 51 pulse reads through trigger pair 8 and resets trigger 

pair 9, provided gate 526 is open. The output of trigger pair 9 is 

differentiated, resulting in a pulse which is delivered through gate 

555, and through the cathode follower gate 556, to trip trigger pairs 6 
and 7, restoring the go signal. 

Trigger pair 11 controls the relay for the stop and go lights. Each 

gated 51 pulse trips the trigger pair, turning on the go light. When 

the machine is to stop, a low voltage is delivered to gate 555 and to the 

triode controlling gate 551. Then when trigger pair 9 is tripped, the 

differentiated pulse goes through gate 551 to reset trigger pair 11, 

turning the go light off and the stop light on. As no pulse is delivered 

through gate 555, trigger pairs 6 and 7 remain reset and the go signal 
remains cut off. 

The relay for the wait light is energized through a normally open 

contact on the go light relay, under control of trigger pair 10. This 

trigger pair is tripped by an pulse, and reset by a gated U2 pulse, 

which, in normal operation, arrives every cycle immediately after the 

pulse. Thus usually the light will not be turned on at all. If an U 

pulse is delayed, however, the light will be turned on, indicating that 

the calculator is waiting, because of a busy signal from the tape read-

record system, because of relays controlled by the matching circuit or 

because of temporarily improper phase relation between the sequence drum 
and the main storage system. 

When the machine is started with a pushbutton on the front panel, two 

start pulses are supplied, as indicated in Fig. 7.6, to trip trigger 

pair 12 and then to reset it. The differentiated trigger pair output 

supplies a single pulse which serves to trip trigger pairs 6 and 7, 
turning on the go signal. 

The circuit shown in Fig. 7.7 controls gate 530, Fig. 7.6. This gate 

is closed to prevent the go signal from being delivered whenever a command 

is given to use the tape read-record system while this system is busy. 

Referring to Fig. 7.7, it is seen that the busy signal, supplied from 

the mechanism selection circuit, Fig. 6.12, trips trigger pair a, which 

will be reset by an pulse as soon as the busy signal is removed. As 

may be seen from the list of codes, Appendix II, the commands to be 

blocked while the tape read-record system is busy are A10-A18, 502*, and 

C02*. The corresponding voltages from the control pyramids are combined 

as shown in Fig. 7.7 to deliver a high voltage through the trigger pair, 
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TRTR BUSY M, 
(FROM FIG. 6.18) PULSES 

Al_ EXCEPT AI5* 
(LOW) 

supplying the  s ignal  to  c lose  gate  530,  F ig .  7 .6 .  The fo l lowing M 3  pulse  
t r ips  t r igger  pai r  b,  permit t ing  the  next  M r 4  pulse  to  read through t r igger  
pai r  b and rese t  the  code t r igger  pai rs  before  the  command i s  executed.  

In  normal  opera t ion,  the  t r igger  pai rs  control l ing  the  pyramids  for  
the  A,  B ,  and opera t ion codes  are  rese t  by the  pulse  as  indicated  in  
Fig .  7 .7 .  The t r igger  pai rs  control l ing  the  pyramids  for  the  C codes  
are  rese t  by a  vol tage  
las t ing  through 1  number  
t ime,  except  in  a  mul t i 
p l ica t ion.  In  th is  case  
the  C code determining 
where  the  product  i s  to  
be s tored must  be  delayed 
unt i l  the  product  has  
been computed.  The delay  
i s  provided by the  m,  
vol tage  f rom the  mul t ip l i 
ca t ion cycl ing c i rcui ts .  

The ga te  526,  F ig .  7 .6 ,  
i s  control led  by the  
matching c i rcui t ,  which 
wi l l  now be  descr ibed.  
This  c i rcui t  compares  
the  l ine  numbers  of  
commands be ing read f rom 
the  drum wi th  the  number  
of  a  speci f ied  command,  
on which the  machine  i s  
to  s tar t ,  cont inue  com
put ing,  s top ,  or  record  
a  new command.  When the  

RESET FINAL CODE 
TRIGGER PAIRS 

(TP I, FIG. 7.3) 

RESET FIRST C DELAY 
TRIGGER PAIRS 

(T.P 3, FIG. 7.3) 

Fig.  7.7— W a i t  s i g n a l  c i r c u i t .  

two numbers  agree ,  a  match s ignal  i s  del ivered to  the  sequence cycl ing 
c i rcui ts ,  F ig .  7 .5 .  The speci f ied  l ine  number  may be  del ivered to  the  
matching c i rcui t  f rom severa l  sources  indicated  in  the  block diagram,  
Fig .  7 .3 .  These  a re  the  l ine  number  regis ter ,  the  s tar t  and s top match 
regis ters ,  and the  l ine  number  s torage  re lays .  The la t ter  s tore  infor
mat ion which e i ther  has  been p layed back f rom an ins t ruct ional  tape  or  
has  been des ignated in  the  se lec t  l ine  number  regis ter  on the  f ront  panel .  

Due to  the  fac t  tha t  re lays  are  used to  connect  the  matching c i rcui t  
to  one of  the  poss ib le  inputs  and to  se lec t  one of  the  four  channels  of  
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• 

commands on the instructional storage drum, delays must be included in 

the matching circuit to make sure that all relays have been properly 

positioned before a match signal is given and, in some cases, before 

the next line of coding is read. For example, whenever a shift is made 

from one of the four channels of commands to another, a delay is required 

while the selection relays are positioned. If the machine has been set 

to stop on a specified line, causing the stop-match switching relays 

(Fig. 7.3) to be energized, and a specified line is called, either manually 

or automatically, the match signal must be delayed to allow the stop-

match switching relays to drop out. Also the next command must be 

delayed, in order to pick up the stop-match switching relays again. After 

starting on a specified line, the next command must be delayed in order 

to drop out the start-match switching relays, since the first command 

read may require that a number be delivered from the line number register 

to the matching circuit. In recording commands on the instructional 

storage drum the delay for the record-match switching relays is provided 

in the manual control circuits. 

The matching circuit is indicated in Figs. 7.8 and 7.9. At the right 

Fig* 7.8—Matching circuit. 
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Fig .  7 , 9 — M a t c h  g a t i n g  a n d  c h a n n e l  s e l e c t i o n  c i r c u i t .  

of  F ig .  7 .8  are  the  compar ison c i rcui ts  for  the  three  lower  d ig i t s  of  
the  enter ing l ine  numbers .  The inputs  to  the  upper  te rminals ,  7 , 2,T4,  .  . . ,  
T24,  a re  f rom the  output  t r igger  pai rs  of  the  l ine  number  p laybacks .  A 
pul ler  tube  connected to  each of  these  inputs  controls  a  l ight  re lay ,  
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making it possible to read line numbers to lights under manual control. 

The lower terminals, T1,T3f...,T23, may be connected to either the line 

number register, the start or stop match register, or the line number 

storage relays. Assume first that no stop line has been set on the front 

panel. Then a high voltage is applied to 2"60, Fig. 7.8, and a call 

signal at T77 has no effect on the cathode follower 5114a. The tube 

586 will be cut off, and a high voltage, indicating a partial match, is 

delivered to the circuit in Fig. 7.9 when the inputs at T2, 74, . . .,T24 

and 7*1, T3, ...,T23, agree. 

The selected input to the match circuit delivers the two binary digits 

representing the thousand's digit of the line number to 7"81 and 780, 

Fig. 7.9. These digits are stored in trigger pairs, the gates to the 

trigger pairs having been opened either by the record signal from the 

manual control circuits, or by a call signal. The trigger pair outputs 

are fed through cathode followers and combined in twin triode gates such 

that a low voltage is obtained at just one of the terminals T70,T71,T72, 

T73, to indicate which of the four channels of coding is desired. The 

outputs from these terminals control the relays connecting the thirty-

eight code playbacks to pole pieces on the four channels. 

Each trigger pair output, Fig. 7.9, also feeds a differentiating 

circuit. If the line number called requires a shift from the drum section 

which up to this time has been connected to the sequence playback, at 

least one of the trigger pairs will be repositioned. Then a pulse is 

obtained from one of the differentiating circuits to trip trigger pair 1. 

A delay is introduced while relays 51, D2, and 53 are energized in suc

cession. When the contact on 53 closes, an 5^ pulse is delivered to 

reset the trigger pair. Then a 

partial match signal from the 

circuit in Fig. 7.8 will produce 

a high voltage at T54, supplying 

the match signal to the cycling 

circuit, Fig. 7.5. 

When the calculator has been set 

from the front panel to stop on a 

particular line, the output of the 

cathode follower 5114a, Fig. 7.8, 

is high. The stop match relays are 

energized by the puller tube 5137a 

connecting the stop line register 

to the matching circuit. The high 

i 
STOP LINE REGISTER 

THOUSAND'S DIGIT 

3 t_ 

2 t_ 

I t_ 

ot_ 

-O-IOOV O—20 V 

* i 

n 
TO T25, 

Fig .7 • 10—St op line —thousand* s digit, 
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output from the cathode follower 5114a is delivered to gate 586, making 

the gate output low and preventing a partial match signal until the 

voltage at 725 is made low. This occurs when the thousand's digit 

selected in the stop line register matches the thousand's digit selected 

by the channel selection relays, under control of the circuit shown in 

Fig. 7.10. The match signal is then gated through the tube 5123, Fig. 7.9, 

supplying a stop signal to the cycling circuit, Fig. 7.6. 

When a stop line has been registered on the front panel and a call is 

made, the call signal cuts off the cathode follower in 5114a, Fig. 7.8, 

causing four events to take place. First, the stop match switching 

relays are dropped out, under control of the puller tube 5137a. Second, 

a low voltage is applied to the gate 586, making its output high as soon 

as a partial match is obtained. Third, a differentiated pulse is delivered 

to the cathode follower 543b, Fig. 7.9, in order to trip the trigger 

pair controlling the delay relays 51,52,53. 

The fourth purpose of the low voltage from the cathode follower 5114a 

is to delay the command until the stop match switching relays have been 

energized again. Accordingly, as soon as the call signal is cut off, a 

second differentiated pulse is produced and used to trip the trigger 

pair 5135. The right-hand output of the trigger pair is then low. This 

voltage, constituting the wait signal, is delivered to the cycling 

circuits, Fig. 7.6. The left-hand output of the trigger pair energizes 

relay 5144, which in turn energizes relay 5143. The trigger pair is then 

reset to cut off the wait signal. 

The wait signal is also delivered to the cycling circuits when the 

calculator is started on a specified line. This allows the start match 

switching relays to drop out. The manual control circuits energize 

relay 5142, and the wait signal is delivered when the normally closed 

contact on this relay opens. 
The function of the pyramid circuits indicated in the block diagram, 

Fig. 7.3, is to convert the thirty-eight binary digits of each command 

into control voltages which will cause the machine to execute the command. 

The digits 1, 2, 17, and 18, representing the A and B transfer signs, are 

delivered directly to circuits associated with the A and B transfer 

channels (see Chapter IV). The digits 19-28, representing the C channel 

and number time, are delayed in trigger pairs one cycle and one number 

time, as explained in Chapter III, before delivery to the trigger pairs 

controlling the C pyramids. 
Figure 7.11 shows the pyramid for the four digits, 13, 14, 15, and 

16, used for operation codes. Special controls are introduced by codes 



202 SEQUENCING AND CONTROL 

5_7* ( tha t  i s ,  any B code whose  second d ig i t  i s  7*)  and B27* .  The ca l l ,  
condi t ional  ca l l ,  and external  t ransfer  commands,  having codes  B 7*,  use  
code d ig i ts  3-16 to  represent  a  number  in  the  range 0000-3999.  In  these  
cases  no control  vol tage  der ived f rom d igi ts  13-16 should  be  del ivered 
to  the  ca lcula tor  to  in i t ia te  an opera t ion.  As wi l l  be  seen la ter ,  pro
v is ions  are  a lso  made in  these  cases  to  prevent  d ig i t s  3-12,  usual ly  used 
for  the  A channel  and number  t ime,  f rom opera t ing through the  A pyramids .  
In  an  external  t ransfer ,  the  number  coded on d ig i t s  3-16 i s  del ivered 
to  the  B t ransfer  channel ,  added to  zeros ,  and made avai lable  on the  
(7 bus .  Therefore ,  opera t ion code 1 ,  for  an  addi t ion ,  i s  suppl ied  wi th  
the  code 527* independent  of  the  opera t ion code pyramid.  As wi l l  be  
seen la ter ,  the  code A15*,  to  record  zeros  on the  A t ransfer  channel ,  i s  
a lso  suppl ied  for  the  code 527* independent  of  the  A pyramids .  

The c i rcui ts  shown in  Figs .  7 .12,  7 .13,  and 7 .14 are  provided in  
t r ip l ica te ,  for  the  d ig i ts  represent ing the  A,  B ,  and C channel  number  
and number- t ime codes .  In  the  number- t ime pyramid,  F ig .  7 .12,  the  
output  i s  a  h igh vol tage  dur ing 0 ,  1 ,  2 ,  3 ,  or  4  number  t ime,  corres
ponding to  number- t ime codes  0  or  6 ,  1  or  7 ,  2  or  8 ,  3  or  9 ,  or  4  or  5 ,  
respect ively .  In  the  C number- t ime pyramid,  the  number- t ime vol tages  
are  delayed to  account  for  the  d isplacement  of  one  number  t ime between 
record  and playback pole  p ieces .  

As may be  seen f rom Fig .  7 .13,  the  inputs  represent ing the  uni t ' s  
d ig i t  of  a  channel  number  produce a  high vol tage  a t  one of  s ix teen output  
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te rmina ls .  The  ou tputs ,  4_0 ,  .  .  .  ,a_9 ,  £_0 ,  .  .  .  ,  5_9 ,  f rom the  i  and 5  

c i rcu i t s  cont ro l  the  f i r s t  leve l  of  the  p layback  se lec t ion  ga tes ,  whi le  

the  ou tputs  C_0, .  .  .  ,  C_9,  f rom the  C c i rcu i t  cont ro l  the  f i r s t  leve l  
d i s t r ibu t ion  ga tes  fo r  record  pu lses .  

The  components  o f  the  t en ' s  d ig i t  of  a  channel  number  a re  de l ivered  
to  the  c i rcu i t  in  F ig .  7 .14 .  A low vol tage  output  A0_,B0_, . . . ,  02 ,  i s  
produced  fo r  use  in  the  t en ' s -un i t ' s  combina t ion  c i rcu i t s ,  F ig .  7 .15 .  
The  c i rcu i t  in  F ig .  7 .14  

a l so  produces  ou tputs  
cont ro l l ing  the  second 
leve l  p layback  or  record  

gates, A0_(L) , B0_(L) , 

...,C3_(L).  These  ou tputs  

a re  de te rmined  no t  on ly  
by  the  t en ' s  d ig i t  of  

the  channel  number  bu t  
a l so  by  a  vo l tage  ind i 

ca t ing  the  drum phase  

and  whether  the  se lec ted  

number  t ime  i s  in  the  

range  0-4  or  5 -9 .  
When a  code  B_7* i s  

g iven  and  the  number  
coded  on  sequence  d ig i t s  

3-16  i s  00_ , . . . ,  19_ ,  some 

provis ion  must  be  made  

to  prevent  a  command 
.400-4  19  f rom be ing  de

l ivered  to  the  ca lcu la tor .  
This  i s  accompl i shed  by  

the  ca thode  fo l lower  ga te  
shown in  F ig .  7 .14 ,  which  

feeds  the  A t en ' s  pyramid  
and  insures  tha t  fo r  a  £_7* code ,  the  A t en ' s  pyramid  wi l l  rece ive  a  

d ig i t  2  o r  3  as  input .  
The  c i rcu i t s  shown in  F igs .  7 .15  and  7 .16  combine  the  t en ' s  and  un i t ' s  

d ig i t s  of  the  A, B ,  and  C channel  numbers .  The  ou tputs  a re  used  as  

requi red  in  cont ro l l ing  the  ca lcu la tor  or  as  inputs  to  fur ther  pyramid  

circuits. The code £27* supplies the code 415* independent of the A 

code  d ig i t s  as  descr ibed  above .  Both  the  commands  £27*  and  415* a re  

NOTE ON C NUMBER TIME PYRAMID, 
NUMBER TIME VOLTAGES ARE 
ONE NUMBER TIME LATER THAN 
SHOWN HERE. 

Fig .  7 .12  —Number time pyramid. 
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de layed  un t i l  the  s ta r t  

of  0  number  t ime  s ince  

bo th  requi re  the  use  of  

the  adder  and ,  wi thout  

the  de lay ,  would  in te r 

fe re  wi th  an  addi t ion  

coded  on  the  prev ious  

l ine .  

The  c i rcu i t  shown 

in  F ig .  7 .17  provides  

vo l tages  cont ro l l ing  the  

number- t ime ga te  on  the  

4  t ransfer  channel ,  
ind ica t ing  the  drum phase  

as required in the A 

c i rcu i t  of  F ig .  7 .14 ,  

and controlling the A 

bus  ga tes  for  the  a ,  (5 ,  
and  manual  cons tan t  

reg is te r  channels .  F i r s t  

cons ider  the  output  

cont ro l l ing  the  A number-

t ime  ga te .  This  wi l l  

be  a  low vol tage  dur ing  

e i ther  the  number  t ime  

represen ted  by  code  

d ig i t s  9-12 ,  the  number  

time selected by the i 

reg is te r ,  o r  a  number  

t ime  su i tab le  for  read ing  
f rom channel  I a  in  the  tape  read- record  sys tem.  Provis ions  a re  made  to  
abroga te  the  A number  t ime  in  a  number  o f  cases ,  namely ,  fo r  code  B 7*,  

400 ,  402 ,  403 ,  405 ,  406 ,  and  4 l_  except  410 .  This  prevents  any  of  these  
commands ,  which  do  no t  use  the  4  t ransfer  channel ,  f rom des t roy ing  the  
l as t  quant i ty  recorded  on  the  4  t ransfer  channel .  

^ The  second  ou tput  of  the  c i rcu i t  of  F ig .  7 .17  i s  h igh  on  an  even  cyc le  
i f  the  number  t ime  se lec ted  i s  be tween  5  and  9  and  h igh  on  an  odd  cyc le  i f  

the  number  t ime  se lec ted  i s  be tween  0  and  4 .  This  vo l tage  i s  used  as  

shown in  F ig .  7 .14  to  se lec t  the  upper  o r  the  lower  po le  p iece  on  the  
channel  ca l led  for  by  the  4  code .  

F ig .  7 .13—U n i t e s  p y r a m i d .  
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The c i rcui ts  con
t ro l l ing  the  A bus  gates  
of  the  a,  P,  and manual  
c o n s t a n t  r e g i s t e r s  
having codes  03*,  04*,  
05*,  a re  shown in  the  
upperpor t ion of  F ig .7 .17.  
Vol tages  f rom the  A  
ten ' s -uni t ' s  combinat ion 
c i rcui t ,  F ig .  7 .15,  are  
combined wi th  the  drum 
phase  vol tage  to  se lec t  
the  upper  or  lower  
playback pole  p ieces  on 
these  channels .  Channels  
a  and p  may a lso  be  
se lec ted  under  control  
of  the  t  regis ter ,  by 
means  of  code A08 in  
combinat ion wi th  a  vol tage  suppl ied  by the  i  regis ter .  

Circui ts  comparable  to  the  one in  Fig .  7 .17 are  provided for  the  
5  a n d  C  c o d e s  a s  s h o w n  i n  F i g s .  7 . 1 8  a n d  7 . 1 9 ,  r e s p e c t i v e l y .  T h e  B  
ci rcui t  d i f fers  f rom the  A in  four  respects .  F i rs t ,  s ince  the  constants  
maybe p layed back to  the  B t ransfer  channel  under  control  of  the  funct ion 
sens ing regis ter ,  there  i s  a  pentode gate  control l ing  the  B number  t ime 
output  for  the  number  t ime,  code 3*,  chosen by the  funct ion sens ing 
regis ter .  Also ,  provis ions  are  made for  sens ing the  2* component  of  
the  funct ion number  t ime when necessary ,  in  determining the  se lec t ion of  
upper  or  lower  pole  p ieces .  Second,  the  t imes  for  reading f rom channel  
I h  to  the  B bus  are  2  number  t ime on an  odd cycle  and 4  number  t ime on 
an even cycle .  Third ,  there  are  no provis ions  for  ca l l ing  a  number  f rom 
t h e  a  o r  p  c h a n n e l  u n d e r  c o n t r o l  o f  t h e  i  r e g i s t e r .  F i n a l l y ,  t h e  B  
number  t ime i s  abrogated only  for  codes  500,  507*,  and 517*.  I t  i s  not  
abrogated in  an  external  t ransfer ,  527*,  in  order  tha t  the  a lgebra ic  
s ign coded on the  5  s ign d ig i ts  may be  associa ted  wi th  the  d ig i ts  being 

external ly  t ransferred .  
In  the  C  ci rcui t ,  F ig .  7 .19,  the  i  regis ter  number  t ime i s  delayed 

one number  t ime by a  t r igger  pai r  delay  c i rcui t .  The C number  t ime i s  

abrogated only  for  code COO. 
The specia l  control  c i rcui ts  provided in  the  ca lcula tor  wi l l  now be  

CO_(L) CO_(U) CI_(L) CI_(U) C3_(L) C3_<U) C2_(L> C2_<U) 

Fig.  7 .14—T e n ' s  p y r a m i d .  
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descr ibed .  The  check-

s top  reg is te r ,  F ig .  7 .20 ,  

i s  a  t r igger  pa i r ,  which ,  

under  cont ro l  of  code  

C16*,  s to res  the  s ign  

of  the  quant i ty  on  the  

C bus .  When the  opera t ion  

code  g iven  i s  8  or  9 ,  

fo r  check  or  s top ,  re 

spec t ive ly ,  and  i f  a  

nega t ive  s ign  has  been  

s to red ,  th i s  c i rcu i t  

s tops  the  ca lcu la tor ,  

energ izes  the  a la rm 
re lay ,  and  tu rns  on  
e i ther  the  check  or  the  

s top  l igh t .  I f  a  pos i 

t ive  s ign  has  been  s tored ,  

the  c i rcu i t  has  no  e f fec t  

and  the  ca lcu la tor  
cont inues  in  opera t ion .  

The  iden t i ty -check  

c i rcu i t ,  F ig .  7 .21 ,  

opera tes  under  cont ro l  
of  opera t ion  code  6 .  

Dur ing  4  number  t ime ,  

the  s ign  and  d ig i t s  of  
the  quant i ty  se lec ted  

under  the  A codes  a re  
compared  wi th  the  s ign  
and  d ig i t s  of  the  quant i ty  

selected under the B 

codes .  A check  fa i lu re  

sounds  an  a la rm to  s top  
the  ca lcu la tor  and  turns  
on  the  iden t i ty -check  
fa i lu re  l igh t .  

The  condi t iona l  ca l l  
r eg is te r ,  F ig .  7 .22 ,  
s to res  the  s ign  of  the  
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quantity on the 5 tus, under control of code 505*. If a positive sign 

has been stored, the conditional call light will be turned on, indicating 

that a conditional call command, 517*, will succeed in reading through 

the trigger pair. A high voltage is delivered through the cathode 

follower gate 5132, causing the same results as a direct call, 507*. 

However, if a negative sign has been stored in the conditional call 

register, a conditional call command has no effect and the calculator 

proceeds to the next command. 

The remaining gates in Fig. 7.22 are associated with the line number 

register. This register, which is capable of storing numbers in the 

range 0000-3999, consists of fourteen trigger pairs, as indicated in 

Fig. 7.23. The command 504*, to read the number on the 5 bus to the 

line number register, opens gates for the four components of the 5 bus. 

Gated A2 pulses are supplied from the circuit in Fig. 7.22 to store in 

the trigger pairs the sixteenth, fifteenth, fourteenth, and thirteenth 

digits on the 5 bus. When a call or successful conditional call occurs, 

the number coded on sequence digits 3-16 will be stored in the line 

number register for comparison in the matching circuit. For this purpose, 

fourteen pentode gates, Fig. 7.23, are 

opened at 16, 15, 14, or 13 digit time. 

Corresponding A z  pulses then store the digits 

in the trigger pairs. Both the digit-time 

voltages and the gated A0 pulses are derived 

from the circuit in Fig. 7.22. They are cut 

off when the line called is 0000, to permit 

the number previously stored in the line 

number register to control the matching 

circuit. 

For an external transfer command the 

circuit in Fig. 7.22 delivers gated digit-

time voltages to the circuit in Fig. 7.23, 

permitting the number coded on digits 3-16 

to be fed through the first set of gates 

used in calls and successful conditional 

calls. The number is then delivered to the 

B transfer channel, through gates indicated 

in Fig. 4.2. 
The remaining sequence circuits are 

associated with the manual controls on the 

front panel of the calculator, Plate XII. The various operations are 

(LOW) (LOW) 
G0_ G—6 Cl_ 

Fig. 7.16—T e n ' s - u n i t 's 
combination (5). 
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performed under control of cycling step switches and relays mounted 

behind the front panel. 

With the exception of the stop and reset controls, each button may be 

operated only under certain conditions. For example, if there is an 

TABLE 7.3 

Buttons on main control panel 

Button Start 
Line No. 

Relays Energized at 
Start of Cycle 

Step 
Switch Wipers 

Start next line 3 55, CI, C2,(73 1 4,5,6 
Start spec, line 3 52,55,51,52,53,51 1 2,4,5,6 
Run next line and 

stop 3 51,55,53,54,51 1 3,4,5,6 

Run spec, line and 
stop 3 j44,A5,55,53,54,51 1 2,3,4,5,6 

Read last line to 
lights 2 A3,51,52,52 1 1,5,6 

Read spec, line to 
lights 2 A1, A 2,A3,55,53,54, 

51,52 1 1,2,3,4,5,6 

Operate 3 510,512,511 2 1,5,6 
Repeat 
(toggle switch) 5 510,510,512,511 2 1,5,6 

Lights 1 A10,512,512- 2 1,4,6 
Trans, line of coding 
to drum and lights 3 59,A10,512,512,512, 

record match relays 2 1,4,6 

Tape to lights, 
next line 1 59,512,513,512 2 1,3,6 

Tape to drum and 
lights, next line 3 

59,59,513,512,512, 
A12,512, record 
match relays 

2 1,3,6 

Tape to lights, 
last line 1 59,513,512,513,512 2 1,2,6 

Tape to drum and 
lights, last line 3 A9,59,513,512,513, 

A12,512,512 2 1,2,6 

Tape to drum, cont. 
(toggle switch) 4 All,511,511,511,511, 

record match relays - - - -

alarm, the machine may not be started; however, information may be 

displayed in lights. The buttons listed in Table 7.3 are connected to 

five starting lines, energized through normally closed relay contacts 

as indicated in Fig. 7.24. The relays are energized under the conditions 

listed in Table 7.4, in order to prevent conflicting operations. 

Step switch 1, Fig. 7.25, controlled by the buttons, Fig. 7.26, oper

ates the machine from commands previously recorded on the drum. One 

cycle of the step switch is ten steps, the same connections being pro

vided on steps 11-20 as on steps 1-10. Each of the associated buttons 
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energizes relays CI and C2, 

which are held by contact Cla 

through the normally closed 

contact 56a. The coil of 

the step switch is energized 

on step 1 through wiper 6 

and contact C2a. The step 

switch is advanced by a 4 lobe, 

4 rps cam until it reaches 

step 8. Then relay 56 is 

picked up, and, provided the 

control button has been released, relays CI and C2 will be dropped out, 

and the step switch moves on to step 11. If, however, the start button 

is still depressed when the step switch reaches step 8, relay C2 will 

TABLE 7.4 

Relays controlling starting lines 

Relays Energized for 

CIO 

516 

516 

A17,C17 

"repeat" operation 

machine running 

alarm condition 

"tape to drum, continuous" 
operation 

Fig. 7.17-Special A controls. 
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remain energized and the step switch will remain on step 8 until the 

button is released. 

When a button associated with step switch 1 is depressed, the fol

lowing operations occur: 1) The storage relays, keys, and light relays 

are reset; 2) the alarm bell is rung as a signal that the step switch 

is cycling; and 3) at the end of the cycle the relay hold line is inter

rupted. These operations are controlled through wiper 5, which is con

nected to a second cam, whose timing is the same as that of the cam used 

Fig. 7.18 Special B controls . 

to advance the step switch. When the reset button is depressed, only 

these operations are performed. Additional operations required b, other 
buttons are controlled through wipers 1-4. 

Closing the contacts of the atari „e*t line button causes two signals 

to be delivered through wiper 4 to the sequence cycling circuit. Fig. 7.6 
to start the calculator. 



SEQUENCING AND CONTROL 211 

(p (p (p <p 

The start specified 

line button starts the 

calculator on the line 

Indicated In the start 

line register. For this 

purpose the start-match 

relays must be energized 

to deliver the number in 

the start line register 

to the matching circuit. Relay S142 

In the matching circuit is energized 

to delay the next command, giving the 

start-match relays time to drop out. 

These relays are energized through 

viper 2. In addition, the start 

signals are supplied through wiper 4, 

as for the start next line button. 

The run next line and stop button 

CH* C M Ct#1 

EVEN RECORD 
(LOW) 

<£> 

*©— 
EVEN CYCLE,2* 
ODD CYCLE,NO 2* 
(TO FIG. 7.14) 

© (J; Is 

T. P 

(p\— 

C CODED 
NUMBER 

TIME 

uuu 

Q 

t 
C NUMBER TIME 

Fig. 7.19—Special C controls, 

TO ALARM LIGHT RELAYS 

© 
ADDER 

- EXCEED 
CAPACITY 

© 
IDENTITY 

- CHECK 
FAILURE 

V 
TRTR 
A*B 

TRTR 
" NOT HOME 

TRTR 
- INSUFFICIENT 

TAPE 

© (p ' (p (p 

Ixu STOP 
U6MT «Ci>v 

TO Ac ARM •£ L Av CIS 
,f« 7 251 

Fig. 7.20—Check-stop register. 
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causes the operat ions associated with the s t a r t  n e x t  l i n e  button to be 
performed,  and in addit ion stops the calculator  af ter  one command has 
been executed.  The s top signal  is  supplied through wiper 3.  

The r u n  s p e c i f i e d  l i n e  a n d  s t o p  button s tar ts  the calculator  on the 
l ine indicated in the s tar t  l ine number register ,  and stops i t  after  
this  l ine has been performed.  Vipers 2 and 4 are used to s tar t  the 

FROM B SIGN 
TRIGGER PAIR 

7.21 I d e n t i t y - c h e c h  c i  r c u i t .  

machine on the specif ies  l ine,  and wiper 3 is  used to del iver  the stop 
s ignal .  r  

The read l a s t  l ine t o  l ights  button causes the information in the 
code and serial  number playback circuits  to be del ivered to the relays 
control l ing the display l ights .  These operat ions are performed through 
viper  1.  The c ircuits  control l ing the l ights  are shown in Fig.  7.27.  
The code and the l ine number displayed in l i t rVitc m  
+ .  .  ,  p  ayea in l ights  may come ei ther  from 
the storage relays or  from the playback circuits .  
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C BUS 
(2*) C05* 

Fig. 7.22-Control circuits for line number register 
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The read specified line to lights but ton requires  the  use  of  a l l  the  
s tep  swi tch  wipers ,  in  order  tha t  the  l ine  speci f ied  in  the  s tar t  l ine  
regis ter  may be  found by the  matching c i rcui t  and d isplayed in  l ights .  

The s t o p  but ton i s  in  para l le l  wi th  the  re lay  contact  D 6 b  and causes  a  
s t o p  s i g n a l  t o  b e  d e l i v e r e d  t o  t h e  s e q u e n c e  c y c l i n g  c i r c u i t s .  T h e  s t o p  
speci f ied  l ine  toggle  swi tch  suppl ies  a  s ignal  to  the  matching c i rcui t ,  

Pig .  7 .8 .  
The but tons  control l ing  ins t ruct ional  input  tapes  and the  manual  

opera t ion of  the  ca lcula tor  f rom commands regis tered  on the  f ront  panel  

- ioov 

ClOo 

BI60 j^~ 

0160 

AI70 

BI6b 

4— 
CI7Q 

AI70 

Dl6b 

*-

CI7b 

STARTING LINES 
(TO FIGS. 7.26,7.29) 

Fig.  7 .24— S t a r t i n g  l i n e s  f o r  m a n u a l  c o n t r o l  b u t t o n s .  

are  associa ted  wi th  s tep  swi tch  2 ,  Fig .  7 .28.  Since  a  cycle  consis ts  
of  ten  s teps ,  s teps  11-20 have the  same connect ions  as  s teps  1-10.  As 
may be  seen f rom Fig .  7 .29,  a l l  the  but tons  associa ted  wi th  s tep  swi tch  2  
energize  re lay  £12,  which i s  held  through contact  E12a and the  normal ly  
c losed contact  D7a .  The s tep  swi tch  coi l  i s  energized through contact  
E12b and the  br idging wiper ,  6 .  Through the  cam-control led  contacts  
connected to  level  6 ,  s tep  swi tch  2  i s  advanced unt i l  i t  reaches  s tep  7 .  
On th is  s tep  re lay  D7 i s  energized and re lay  £12 i s  dropped out ,  pro
vided the  but ton i s  no longer  depressed.  The s tep  swi tch  then cont inues  

s tepping to  f in ish  the  cycle .  
Vhen .  button associa ted  wi th  s tep  swi tch  2  i s  depressed,  the  fo l lowing 

opera t ions  occur :  1)  ™e l ights  are  ext inguished;  2)  the  s torage  re lays  
are  rese t ,  provided re lay  C1Z i s  not  energised;  3)  the  keys  a re  rese t ,  
provided re lay  *13 i s  energized;  4)  the  a larm bel l  i s  rung as  a  s ignal  
tha t  the  s tep  swi tch  i s  cycl ing;  5)  a t  the  end of  the  cycle  the  re lay  
hold  l ine  i s  in ter rupted.  The vol tages  causing these  opera t ions  to  be  

performed are  del ivered through wiper  1  .  
ca lcula tor  to  execute  a  coded command regis tered  In  order  to  cause  the  ca icuia tux f  

.  h l l ( t n „  i s  used.  Under  control  of  wiper  5  on 
in  the  keys ,  the  operate  but ton i s  
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s tep  swi tch  2 ,  the  informat ion in  the  keys  i s  del ivered to  the  s torage  
re lays ,  and the  X 2  re lays ,  Figs .  7 .3  and 7 .27,  are  energized.  When 
s tep  swi tch  2  i s  on s tep  7 ,  re lay  F8 i s  picked up through wiper  5 .  
Contact  F8b energizes  the  opera te  re lay  shown in  the  upper  le f t -hand 
corner  of  F ig .  7 .30.  Tr igger  pa i r  1  is  t r ipped by an  # 2  pulse .  The 

START LINE 3 START LINE 2 

1,  t. nun *. RUN 4. rre.AU *• KCML> 
SPECIFIED [-NEXT LINE \- SPECIFIED LINE r LAST LINE \- SPECIFIED LINE 
LINE T AND STOP T1 AND STOP t1 TO LIGHTS t1 TO LIGHTS 

-100 V 

r I A2b 

READ 
LAST L 
TO LIGHTS 

1 

^5 (oA4 ^A3 A2 ^ 

STOP 
SPECIFIED 

LINE 

IT45 
TO MATCHING 

CIRCUIT 
(T60, FIG.7.8) 

-MX)V 

Ztt ™ '̂°| iB6° 

-IOOV o— 

HOLO LINE FOR D4.D5 
"(FROM FIG 7 25) 

^CE ^Cl  

EI3o C2b 

RESET SENSING 
ON KEYS 

-•00 V O 
05b 

Jr}« 
r 

| BIO f 

'Tin 
ASo Alb 

^C4 

i—r~ B20 A40 

"nin 

t ^»D2 

_T0 RELAY HOLD LINE 
FIG. 7. 25 

Fig.  #  2 6  C i r c u i t s  a s s o c i a t e d  w i t h  s t e p  s w i t c h  1 .  

dif ferent ia ted  output  of  th is  t r igger  t r ips  t r igger  pai r  2 ,  which i s  
rese t  by the  next  J / ,  pulse .  The output  of  t r igger  pai r  2  i s  high for  
one machine  cycle  and i s  used to  read the  code in  the  s torage  re lays  to  

the  control  pyramids .  
To perform one command repeatedly ,  for  tes t  purposes ,  the  command i s  

regis tered  in  the  keys ,  and the  toggle  swi tch  r e p e a t  i s  thrown.  Up to  
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s tep 7 the s tep switch cycling Is  the same as  for  the o p e r a t e  button.  
Then the step switch s tops,  and pulses read the command from the storage 
relays to the control  pyramids,  unti l  the toggle switch is  thrown. The 
s tep switch then completes the cycle.  

The l i g h t s  button causes the information in the keys to be del ivered 
to the storage relays,  and then to the relays control l ing the display 
l ights .  This  is  accomplished through wiper 4 on the step switch.  The 
button,  t ransfer  l ine  of  coding  to  drum and l ights ,  must,  in  addit ion,  
record on the specif ied l ine of the drum the code from the storage relays.  
Wiper 4  on s tep switch 2 is  again energized,  the addit ional  controls  for  
recording being supplied on s tep 7.  

THROUGH STORAGE 
RELAYS TO PYRAMIDS 
(FROM FIG.7.30) 

-100 V 

STORAGE RELAY 
CONTACTS 

(14 CONTACTS) <» 

*• 

FROM 38 CODE 
PLAYBACK CIRCUITS 

D+70V 

TO MATCHING CIRCUIT 

FROM 14 UNE NUM8ER 
PLAYBACK CIRCUITS 

-O+I50V 

Fig.  7.27 C i r c u i t  c o n t r o l l i n g  c o d e  a n d  l i n e  n u m b e r  d i s p l a y  l i g h t s .  

To record on the instruct ional  s torage drum, the record match relays 
(Fig.  7.29) are energized,  to connect  the l ine number s torage relays to 
the matching circuit .  In addit ion,  the four relays shown at  the top 
of  Fig.  7.31 are picked up.  Thus when the thousand's  digi t  of  the l ine 
number is  selected by the matching + i  cue matching circuit ,  only the selected channel  
remains connected to the record circuits .  

When s tep switch 2 reachoo „+„^ „  s tep 7,  relay £8  is  energized through 
contacts  B12b and E8b ,  a nd relay A8 is  energized through contact  B8b.  
Contact  ^8b is  open causing the step switch to stop on s tep 8 unti l  the 
recording has been completed fnntai>t  i  j " Contact  B8a supplies the signal  to s ta r t  
the record cycling controls .  
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START START START LINE I 
LINE 5 LINE 3 

1, TO DRUM i TAPE TO 1 TAPE TO 1 TAPE TO 1, TAPE TO 
h OPERATE h LIGHTS r AND LIGHTS r LIGHTS. r DRUM AND r LIGHTS, r DRUM AND 

• I fl t1 ucvr I mr .Mure urvr , . «e* . .1. r- . .... 

Q. 
O -100 V 

G9b | 

LIGHTS, NEXT LINE? LAST LINE LIGHTS, LAST LINE 

®CI0 (jpK) ^AIO foG9 ^E9 (oEl3 jo 09 (oC9 ^Cl3 

1 
DlOb AlOb m—} |G9o |D9b |A9b | Cl3i 

^71^' (.*2^8.2 |B^° 
RELAY 

• HOLD 
LINE 

START LINE 4 

n n—"i DlOo IAlOo |E9o |C9O I ^J 

\ 1 1 \ 
(°EI2 

Hi -100V J-—-/ TAPE TO DRUM, CONT. 

1 
i  - ™ " ° — i i t i i  1  
||'*0 Fl |b IHIIO TMIOO TGIOO TFIOO | JE 

joGI9 joCI8 joB 

RECORD-MATCH RELAYS 

B'9 k>BI8 k>AI9 >oAI8 VoDI8 f©AI7 foCI7 (L17 (j>ci7 ~ jpu jleiijlcii^leii jpu (Lii |qhio j|oio jLio (p 

Di8a DI8b 

RECORD CYCLING RESET STORAGE RELAYS 

Fig. 7.29 C i r c u i t s  a s s o c i a t e d  w i t h  s t e p  s w i t c h  2. 

Relay 58 is energized for one impulse of the cam associated with step 
switch 2 while relay .48 is held up for the duration of the record oper
ation. Thus, only a relatively short impulse is provided for the dif
ferentiating circuit, start record cycling, Fig. 7.33, by the contact 58a. 

The following operations must be performed to complete a record cycle: 
a) connect the proper pole pieces to the record busses; b) provide record 
match voltages for the circuit shown in Fig. 7.33; c) scan the storage 
relays; and d) simultaneously scan the pole piece busses. 



SEQUENCING AND CONTROL 221 

SS2, W5, S7 SET UP RECORD 
MATCH (FROM FIG. 7.29) 

3A| pA2  

10 11 12  13 
THOUSAND'S DIGIT FROM 

MATCHING CIRCUIT (FIG 7.9) 

38 RECORD UNES 

38 PLAYBACK LINES 

TO SEQUENCE PYRAMID VIA 
STORAGE RELAY CONTACTS 

Fig. 7.30—Controls  f o r  
m a n u a l  r e g i s t e r .  

Fig.  7 .31—Channel selection relays. 

The gates  in  the  matching c i rcui t ,  
Fig .  7 .9 ,  are  opened to  s tore  the  thousand 's  
d ig i t  of  the  l ine  number  in  t r igger  pa i rs .  
Next ,  the  t r igger  pai r  547,  F ig .  7 .32,  i s  
t r ipped,  dropping out  re lay  f l4 .  Relay 48 
i s  picked up by contact  B8b and held  through 
contacts  F14a and 48a .  Tr igger  pa i r  522,  
F ig .  7 .33,  i s  t r ipped,  and the  fo l lowing 
5 2  pulse  t r ips  t r igger  pai r  586.  The 
match s ignal  opens  ga tes  5108 and 5119.  
An S r  pulse  del ivered through the  gate  5108 

Is  used to  record  the  command on the  drum.  An 5 ,  pulse  ar r iv ing a t  gate  
5119 t r ips  t r igger  pai r  5106,  caus ing a  high vol tage  to  be  del ivered to  
the  gr ids  of  four  6L6 tubes .  These  energize  the  coi ls  of  s tep  swi tches  5 ,  
6 ,  7 ,  and 8 .  Step  swi tches  5  and 6 ,  Fig .  7 .34,  scan the  th i r ty-e ight  
code s torage  re lays  and de l iver  the  d ig i ts  to  record  c i rcui ts .  Step  
swi tches  7  and 8  t ransfer  the  outputs  of  the  record  c i rcui ts  to  the  

r ioopo (Fie .  7 .35) .  As s tep  swi tches  5  and busses  connected to  the  pole  p ieces  ,  
.  .  „  „  Q +  a  t ime f ive  s teps  are  made in  recording one 6  both  sense  four  re lays  a t  a  t ime,  x-xv ?  

command. 
At the  same t ime tha t  the  s tep  swi tch  coi ls  are  energized,  the  output  

of  t r igger  pai r  5106 s tar ts  a  re lay  delay .  At  the  end of  the  delay ,  the  
•  nH the  s teD swi tch  coi ls  are  de-energized.  The t r igger  pa i r  i s  rese t  and the  s tep  swi  

hent  for tv  mi l l i seconds ,  whi le  the  t ime between re lay  delay  i s  se t  for  about  t  or  y  
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STEP SWITCHES 1,2,3,4 
RESET 

(FROM FIG. 7.36) I 

RING RESET 
(LOW) 

(FROM FIG. 7.36) 

RECORD CYCLING 
CIRCUITS RESET 
(FROM FIG. 7.33) 

-100 V 
O 

START TAPE 
CYCLING 

-20 V (FROM FIG. 7. 28) 

>S63 

150 V 

(FROM T22, 
FIG. 7. 33) START RECORD 

-CYCLING 
(FROM FIG. 7.28) 

DIF 

S47 * T. P. 

I C|>—P(T| } '(P O + I50V 
FI4 

+ 150 V 

3> 

-K5> 

-IOOV 

>EI5 

EI5b 

2 u A240 (°H25 JO A24 

+ 150 V — 
STEP SWITCHES 
5,6.7,8 RESET 

(FROM FIG. 7. 34) 

110 VAC. 
O Q 

H25 

TAPE 
RESET 
LIGHT 

CLUTCH STOP CLUTCH START 
COIL COIL 

FI3o | i 7 UJ (°HI3 

Fig. 7.32-Record  and p l a y b a c k  c y c l i  n g  c o n t r o l s .  

a.tch signals is approximately thirty-three .ilUs«t«s. Ihus elght 

io 15 z rn ™fthe aru"st every °the-Mtch «- •*•» 
e 0ur asso°iated step switches (5, 6, 7, and 8), a 
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c i rcui t  to  ground through the  s ix th  wipers  rese ts  t r igger  pai r  5132,  
Fig .  7 .33.  The fo l lowing gated  5 ,  pulse  rese ts  t r igger  pai r  586.  The 
output  f rom 722 rese ts  t r igger  pai r  547,  F ig .  7 .32.  Relay F14 i s  
energized,  re lay  48 i s  dropped out ,  and s tep  swi tch  2  completes  i t s  cycle .  

MATCH 
(FROM FIG 7.9) 

S5 PULSES 

St PULSES 

START REGORO 
CYCLING 

(FROM F»0 

CORO I I A w-trrQi)-' 
•_ V RECORD PULSES 
>-1} TO RECORD CIRCUITS 

START RECORD 
RISE 

(FROM FK» 

[CORD I 1 /C*\ . 
RESET I NT P(T, > • —1 

T 54) |_J W L-xij, 

F ig .  7 .33—.Record c y c l i n g  c o n t r o l s .  

Before  depress ing the  but ton,  t rans /or  I in«  o f  codfnp to  drum a n d  
I t th t . ,  or any of  the  but tons  associa ted  wi th  the  ins t ruct ional  input  
tape ,  the  l ight  tup ,  circui t ,  rese t  must  be  on.  This  l ight  indicates  tha t  
the  e lec t ronic  c i rcui ts  used in  tape  reading have been rese t  and tha t  the  
s tep  swi tches  (1 ,2 ,3 ,4)  used in  reading from tape  to  the  s torage  re lays  

e a t .  ( r .  a  7  s i  used in  t ransferr ing coded commands f rom and the  s tep  swi tches  (5 ,6 ,7 ,8 ;  usea  
the  s torage  re lays  to  the  drum are  a l l  on the  f i r s t  s tep  of  a  cycle ,  
the  c i rcui t  control l ing  the  l ight  i s  shown in  Fig .  7 .32.  These  c i rcui ts  

11 Vw f lpnress inff  the  but ton r e s e t  s e q u e n c e  t a p e  i n p u t  nay be  rese t  manual ly  by depress  g  

1 1 n h t s  n e x t  l i n e ,  causes  one command and i t s  
The but ton,  top .  "  '  d e l l v e r e d  to  the  s torage  re lays  

l ine  number  to  be  p layed bach I h e  opera t ions  are  

-  t h e "  "  ""  : e l T\r n 3 wh Oh,  on  s tep  6 ,  energises  re lays  B8 and 
performed through wiper  3 ,  w .  + on «tPi i  7  unt i l  

A +o «tnn the  s tep  swxtch on s tep  t  unt i l  
ra .  The contact  D S b  i s  open '  ^  T h r o u g h  c o n t a c t  Mo, re lay  563,  
• he tape reading has been c° pa±r s73. Trigger pair 347 
Fig .  7 .32,  i s  energized, t r ipping 



224 SEQUENCING AND CONTROL 

is also tripped, dropping out relay F14. The output from trigger pair 
573 causes relay ^13 to be picked up. Contact f!36 holds relays D8 and 

(FROM FIG. 7.33)-

'o— 
COIL, SS 5 

INPUTS TO 
RECORD 

CIRCUITS 

SS 5. S. 7. S Rf«T 
(TO FIG 7 321 

(TO FIG 7 33) 

aJ sJ -~gJ 
"_L 

o o o o o o 
o o o oJ o oJ 

o o o o o— o 
12 O 
II O 
10 o 
9 O 

16 O 
15 O 
14 O 
13 O 

20 O 
19 O 
18 O 
17 O 

4 O 
3 O 
2 O 
i O 

20 O 
19 O 
18 O 
17 O 

&J S-L SJ IJ 
O o o O O 
o 

o 

o 

o 

o 

o o 1J 
28 O 32 O 36 O o 24 O 
27 O 31 O 35 O o 23 O 
26 O 30 O 34 O 38 O 22 O 
25 O 29 O 33 O 37 O 21 O 

20 

o 

o 
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*8, while through contact ,13a,  the clutch relay «4 - a 
causing the tape to start moving. ' energized. 

The circuits used to play back riinit 
step switches 1, 2 3 and 4 ar • h- S ^ t&Pe a"d deliver them to 

2, 3, and 4 are indxcated in Fig. 7.36. c and D pulses 
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f rom the  tape  s tep  a  r ing  of  e ight ,  whi le  vol tages  f rom the  r ing  control  
the  s tep  swi tches ,  and gate  the  A and B digi ts  to  the  s tep  swi tch  wipers .  
The s torage  re lays  are  connected to  corresponding levels  on the  s tep  
swi tches ,  as  indicated  in  Fig .  7 .37.  In  p laying hack one 'command,  the  
s tep  swi tches  advance four  s teps  to  d is t r ibute  the  s ix ty-four  b inary  
d ig i ts  ( twelve  b lanks ,  th i r ty-e ight  code d ig i ts ,  four teen l ine  number  
d ig i ts )  associa ted  wi th  one command on the  tape .  On the  las t  s tep  of  a  
cycle ,  a  s ignal  i s  del ivered through the  f i f th  wiper  on each s tep  swi tch  
to  the  c i rcui t  in  Fig .  7 .32.  When the  r ing  of  e ight  i s  s tepped to  i t s  
rese t  pos i t ion  by the  las t  D pulse  p layed back f rom tape ,  a  d i f ferent ia ted  
pulse  i s  produced to  rese t  t r igger  pai r  573,  and thus  to  rese t  the  re lay  
control  c i rcui ts .  

The but ton,  t a p e  t o  d r u m  a n d  l i g h t s ,  n e x t  l i n e ,  in i t ia tes  a l l  the  
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opera t ions  control led  by the  but tons  t a p e  t o  l i g h t s ,  n e x t  l i n e ,  jus t  
descr ibed;  in  addi t ion  the  command p layed back f rom tape  i s  recorded 
on the  drum ^hrough c i rcui ts  control led  by wiper  3  of  s tep  swi tch  2 ,  
F ig .  7 .28.  When the  tape  s tep  swi tches  (1 ,2 ,3 ,4)  and the  r ing  of  e ight  
re turn  to  the i r  rese t  pos i t ions  a  d i f ferent ia ted  pulse  i s  produced.  
This  rese ts  t r igger  pai r  573 and,  through gate  574,  t r ips  t r igger  pai r  
547.  '  The record  cycl ing i s  s tar ted ,  the  gates  in  the  matching c i rcui t  
a re  opened,  and the  recording proceeds  as  previously  descr ibed in  con
n e c t i o n  w i t h  t h e  b u t t o n  t r a n s f e r  l i n e  o f  c o d i n g  t o  d r u m  a n d  l i g h t s .  

The but ton t a p e  t o  l i g h t s ,  l a s t  l i n e ,  causes  the  las t  l ine  of  coding 
p layed back f rom tape  to  be  de l ivered f rom the  s torage  re lays  to  the  
re lays  control l ing  the  d isplay  l ights .  Relay 512 i s  picked up and 
contact  C12b i s  opened to  abrogate  the  rese t  of  the  s torage  re lays  as  
maybe seen upon reference  to  Figs .  7 .25 and 7 .28.  As shown in  Figs .  7 .27 
and 7 .28,  the  X }  re lays  are  picked up through wiper  2  on s tep  9  to  control  
t h e  l i g h t  r e l a y s .  W h e n  t h e  b u t t o n ,  t a p e  t o  d r u m  a n d  l i g h t s ,  l a s t  l i n e ,  
i s  depressed,  the  same opera t ions  take  p lace ,  and in  addi t ion  the  record  
c i rcui ts  are  ac tuated  on s tep  7  through wiper  2 .  

A toggle  swi tch  connected to  s tar t ing  l ine  4  i s  provided for  reading 
cont inuously  f rom tape  to  the  drum.  When the  swi tch  i s  thrown,  the  
record  match re lays  are  energized.  Through the  normal ly  c losed contacts  
51  Of)  and 515a,  re lays  All ,  B11,  511,  511,  and 511 are  energized.  The 
contact  on re lay  515 s tops  the  cont inuous  recording i f  a t  the  end of  a  
cycle  the  e lec t ronic  c i rcui ts  or  s tep  swi tches  1-8  are  not  in  the  rese t  
pos i t ions .  The contacts  on re lays  All ,  511,  511,  and 511 rese t  the  
s torage  re lays .  Contact  511a,  F ig .  7 .25,  prevents  the  key rese t  solenoids  
f rom being energized except  when a  key i s  depressed.  Contact  5116 s tar ts  
a  re lay  delay ,  to  provide  t ime for  rese t t ing  the  keys  and s torage  re lays .  
At  the  end of  the  delay ,  when re lays  513 and 510 are  energized,  the  tape  
cycl ing i s  s tar ted ,  caus ing one command to  be  played back to  the  s torage  
re lays .  After  th is  has  been completed ,  the  record  cycl ing i s  s tar ted ,  a t  
the  end of  which re lays  513 and 510 are  dropped out .  Then re lays  Al l -Ti l  
may be  energized,  and the  same opera t ions  performed for  the  next  command 
on  the  tape .  



CHAPTER VIII 

INSTRUCTIONAL TAPE PREPARATION TABLE 

The instructional tape preparation table, Plate XI, is used for re

cording instructional tapes, for checking previously prepared tapes, and 

for printing the coding recorded on instructional tapes. On the front 

of the table is a large keyboard for registering instructions, various 

control buttons, indicator lights, and a tape mechanism which can be 

used for record or playback. Electronic record and playback circuits are 

mounted behind the front panel, step switches and relays are mounted on 

the rear panel. The typewriter used for printing is mounted on a separate 

table. 

The unit may be operated in any one of seven ways, selected by means 

of switches at the upper right of the keyboard. The following combinations 

of the four fundamental operations, record, playback, print, and check, 

are permitted: l) playback, print, check; 2) record, print; 3) playback, 

print; 4) record; 5) playback, check; 6) print; 7) continuous playback, 

print. The information registered in the keyboard is either recorded or 

printed or both, or checked with the information played back from a 

previously prepared tape. The information which is printed is derived 

from the keys during recording, and from the tape during playback. 

Before investigating the circuits of the instructional tape preparation 

table, the keys and controls on the front of the table will be described. 

The controls in the upper left corner of the keyboard are for the line 

number counter. This counter may be set to any number, 0000-3999, by 

selecting die-its in the four-column register and by depressing a push

button. The number will then appear in the lights, and will be associated 

with the first command registered in the keyboard. Successive line 

numbers are automatically associated with successive commands registered 

in the keyboard. 
The reset button resets the control circuits. The start button, at 

the far right, has no effect unless the light above the reset button is 

on, indicating that the circuits have been reset. A toggle switch may 

be thrown to prevent the keys from resetting. If no keys are down, a 

null line of coding (all zeros) will be supplied when the start button 

is depressed. 
Commands may be indicated in either the upper or lower set of strip 

switches on the keyboard. The array of numbered keys in the upper section 

is more flexible in that it permits the selection of every possible 
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combinat ion of  the  codes  l i s ted  in  Appendix  I I .  Since  cer ta in  infrequent ly  
used codes ,  such as  those  for  the  constants  in  fas t  s torage ,  are  not  
represented on the  lower  keys ,  the  upper  keys  must  be  used whenever  one  
of  these  codes  i s  required .  

The symbols  on  the  lower  keys  represent  mathemat ica l  opera t ions ,  
s torage  regis ters ,  and controls  on numerica l  input  and output  tapes .  
When the  lower  regis ter  i s  used,  i t  i s  not  necessary  to  prepare  a  problem 
in  terms of  numerica l  codes ,  and fur thermore  cer ta in  groups  of  codes  are  
suppl ied  automat ica l ly  when a  s ingle  command has  been regis tered  in  the  
keyboard .  

At  the  le f t  of  F ig .  8.1 ,  the  keys  label led  C, CC, and X T  are  used in  
conjunct ion wi th  a  four-column regis ter  to  code ca l l ,  condi t ional  ca l l ,  
and external  t ransfer  commands.  The number  se lec ted  in  the  four-column 
regis ter  i s  coded by means  of  d ig i t s  3-10  of  the  command.  I f  l ine  0000 
i s  ca l led ,  e i ther  d i rec t ly  or  condi t ional ly ,  the  ca l l  wi l l  be  to  the  
l ine  whose  number  has  been previously  s tored in  the  l ine  number  regis ter  
(L .N .  under  C codes) .  A condi t ional  ca l l  wi l l  succeed i f  a  pos i t ive  
s ign has  been previously  s tored in  the  condi t ional  ca l l  regis ter  (cond.  
ca l l  under  C codes) .  I f  in  an  external  t ransfer  the  s ign of  the  d ig i ts  
i s  of  s igni f icance ,  then the  pos i t ive  absolute  value  or  negat ive  absolute  
value  must  be  se lec ted  as  the  B t ransfer  s ign.  Otherwise ,  the  quant i ty  
being external ly  t ransferred  wi l l  assume the  s ign of  the  las t  quant i ty  
del ivered to  the  B t ransfer  channel .  

The keys  for  the  A  and B  s igns  supply  the  codes  for  the  t ransfer  
s igns ,  minus ,  minus  absolute  value ,  or  p lus  absolute  value ,  to  be  as
socia ted  wi th  the  quant i t ies  going to  the  A and B t ransfer  channels .  I f  
no s ign key i s  used a  posi t ive  s ign i s  suppl ied .  

To se lec t  fas t  s torage  regis ters  under  the  A ,  B ,  or  C codes ,  a  
ch a nnel ,  a  ,b  , c  , d ,  e  ,  / ,  g  , h  ,p  ,  q  ,  r  ,  s  ,  t  , u ,  v  ,w ,  x ,  y ,  a  ,  y ,  and a  number  t ime,  
0 ,1 , . . . ,  9 ,  i ,  must  be  indica ted .  The t  number  t ime refers  to  the  d ig i t  
previously  s tored in  column 13 of  the  i  regis ter .  Keys  for  the  a,  p ,  
and constant  regis ter  (Sw.)  channels  appear  under  the  A and B codes  
only ,  s ince  these  channels  have fas t  s torage  playback connect ions  but  

no provis ions  for  recording f rom the  C bus .  
Under  the  A  codes ,  the  a  key ca l l s  for  the  las t  quant i ty  recorded on 

t h e  C  t r a n s f e r  c h a n n e l .  T h e  d p  f  k e y  s e l e c t s ,  u n d e r  c o n t r o l  o f  t h e  i  

regis ter ,  a  quant i ty  previously  t ransferred  f rom s low s torage  to  the  a  or  
P channel .  These  keys  are  green to  indicate  tha t  when they are  used,  no 
A number  t ime key should  be  depressed.  Simi lar ly ,  no B or  C number  t ime 
key should  be  used when a  green key under  the  B or  C codes  i s  se lec ted .  
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TABLE 8.1 

Subsequences supplied by instructional tap preparation table. 

Sub Codes Sub Command Line 
sequence Command No. A OP B 

si Norm. y0 = 1 Count zeros of y 0 07 0 0 0 37 0 00 0 
2 Norm. C.N. = f reg. 0 15* 0 1 1 13* 0 15* 0 
3 blank 0 00 0 0 0 00 0 00 0 
4 J/ X lo' 0 37 0 2 0 12* 2* 00 0 
5 blank 0 00 0 0 0 00 0 00 0 
6 SRO = sQ 0 05 0 0 0 00 0 38 0 

3 2 function U0 = zQ 1 "o = ro 0 15* 0 1 0 37 0 30 0 
(except Norm.) 3 Call line 3 0 3_ 0 07* 0 00 0 

2 XT 0004 = r9 0 00 0 4 0 27* 0 30 9 
4 ri ' *0 0 15* 0 1 0 30 1 38 0 

3 3 xo * »o - "o 1 X0 X *0 " *0 0 36 0 2 0 37 0 38 0 
2 blank 0 00 0 0 0 00 0 00 0 
3 blank 0 00 0 0 0 00 0 00 0 

*o * "o " so 1 *0 = r 2 0 36 0 1 0 17 8 30 2 
2 "o = ro 0 15* 0 1 0 37 0 30 0 
4 Call line 3000 0 30 0 0 0 07* 0 00 0 
3 XT 0005 = r9 0 00 0 4 0 27* 0 30 9 
5 r1 = *0 0 15* 0 1 0 30 1 38 0 

S5 xo©»o = *o 1 xo * "o • 'o 0 36 0 3 0 37 0 38 0 
2 X5 + »S m «S 0 36 5 3 0 37 5 38 5 
3 Carry 0 00 0 4 0 38 0 38 0 
4 Carry 0 00 0 4 0 38 5 38 5 

3 6 ar0 shifted 1 y0 = < reg. 0 15* 0 1 0 37 0 15* 0 
b? "0 = a0 2 blank 0 00 0 0 0 00 0 00 0 

3 xo * 10< 0 36 0 2 0 12* 2* 00 0 
4 blank 0 00 0 0 0 00 0 00 0 
5 5*0 - *0 0 05 0 0 0 00 0 38 0 

3 7 
MO = s0 1 O 

M •Q 
h-1 0 15* 0 0 0 02* 0 38 0 

2 blank 0 00 0 0 0 00 0 00 0 
3 

-'a * *0 3 10 0 1 0 38 0 00 0 
4 -1 cr | + 10° - CSR 2 01 0 1 0 16 0 16* 0 
5 blank 0 00 0 0 0 00 0 00 0 
6 Check 0 00 0 8 0 00 0 00 0 

3 8 xo + "o = st°P 1 *0 • yQ = CSR 0 36 0 1 0 37 0 16* 0 
2 blank 0 00 0 0 0 00 0 00 0 
3 Stop 0 00 0 9 0 00 0 00 0 

3 9 xo + "o " Check 1 xo + y0 = CSR 0 36 0 1 0 37 0 16* 0 
2 blank 0 00 0 0 0 00 0 00 0 
3 Check 0 00 0 8 0 00 0 00 0 

31 0 x0 * li0 = Rec. 1 1 xo * yo = Rec. reg. 0 36 0 1 0 37 0 02* 0 
2 blank 0 00 0 0 0 00 0 00 0 
3 blank 0 00 0 0 0 00 0 00 0 
4 a ' Tb 0 01 0 1 3 02* 0 00 0 
5 -|CT| + 10° = CSR 2 01 0 1 0 16 0 16* 0 
6 blank 0 00 0 0 0 00 0 00 0 
7 Check 0 00 0 8 0 00 0 00 0 
8 Select mech. 1 0 11 0 0 0 00 0 00 0 
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When an orange key is selected on the keyboard, no keys to the left 

of it maj be used simultaneously. Since the function keys are all orange 

the argument I or which a f unction is required must be selected under the 

B codes. Each function key controls a subsequence of commands as indi

cated in Iable 8.1. The Norm, key supplies the six lines of coding 

needed to normalize a quantity, that is, to shift it to the left until 

the first non-zero digit is in column 16. The first command of the sub

sequence is to count the number of zeros to the left of the first non

zero digit in the argument. The second is to deliver the normalizing 

control number (Norm. C.N.) from the zero-counting circuit to the i 

register. The third line is blank, to permit the normalizing control 

number to be stored in the i register. On the fourth line the argument 

is multiplied by 10', the power of 10 selected by the i register. On 

the last line, the code for a shift read out (SRO) is given. 

The remaining function keys each supply four-line subsequences, to 

refer to the sections of the instructional storage drum containing the 

appropriate computing routines. The 

first line of each subsequence transfers 

the argument to register rQ. The second 

transfers to register rg the line number 

to which the calculator must refer at the 

end of the function computation. The 

third command calls the line number, 

Table8.2, at which the particular function 

computation begins. The fourth line of 

the subsequence, to which the calculator 

refers at the end of the function compu

tation, transfers the quantity in r1 to 
the register originally selected under the C codes. Thus it is assumed 

that the coding for each function computation starts with an argument in 

rQ, stores the computed function in r,, transfers the quantity in r g  

to the line number register, and then calls the command having this line 

number. 
The coding for the computation of the functions is given in Chapter V 

and has been recorded on the instructional storage drum starting at the 

specified line numbers. Any other functions required in a particular 

TABLE 8 .2 

Starting lines for function computations 
on instructional storage drum. 

Function Start Line Number 

Division 3000 

Reciprocal square root 3060 

Exponential 3130 

Logarithm 3200 

Cosine 3264 

Arc tangent 3340 

Interpolation 3460 

Function 1 3600 

2 3700 

3 3800 

4 3900 

problem may be coded starting on the lines indicated in Table 8.2. 

The keys to the rikht of the function keys indicate the operations 

V'hich may be perfor.ed on quantities selected under the X and * codes. 

The add and subtract operations, r and both supply the sa.e operation 
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code.  However ,  when the -  key i s  used,  the B  t ransfer  s ign is  automati
cal ly  inverted.  The three l ines  of  coding required for  a  mult ipl icat ion 
are  suppl ied when the x key i s  used.  A divis ion i s  ini t ia ted by depressing 
the -f  key.  This  suppl ies  a  f ive- l ine subsequence,  Table  8 .1 ,  in  order  
to  refer  to  the sect ion of  the instruct ional  s torage drum which contains  
the computing rout ine for  a  divis ion.  

When the  Q key i s  selected,  the operat ion code given is  for  a s ign 
choice,  causing the quant i ty  selected under  the B codes to  be mult ipl ied 
by the s ign of  the quant i ty  selected under  the A codes.  A double-
accuracy addi t ion is  coded under  control  of  the (+)  key,  which suppl ies  
a  f o u r - l i n e  s u b s e q u e n c e .  T h e  r e g i s t e r s  s e l e c t e d  u n d e r  t h e  A ,  B ,  a n d  C  

codes must  be those containing the low-order  d igi ts ,  and the convent ions 
for  double-accuracy work given in  Chapter  I  should be fol lowed.  The 
coding for  a  shif t  operat ion i s  suppl ied under  control  of  the but ton,  
sh i f t ed  by .  In  this  case the quant i ty  selected by the A codes is  the 
argument  to  be shif ted.  The d igi ts  in  columns 13 and 14 of  the quant i ty  
selected by the B codes determine the number of  columns of  shif t ,  while  
the  direct ion of  the  shif t  i s  lef t  or  r ight ,  depending on whether  the 
s ign of  the  B quant i ty  i s  plus  or  minus.  The coding i s  essent ia l ly  the 
same as  the las t  f ive l ines  of  the subsequence for  normalizat ion.  Final ly ,  
to  code an ident i ty-check operat ion,  the 6 key in  the operat ion column 
of  the  upper  regis ter  must  be used.  I t  i s  advisable  to  code a  blank 
l ine fol lowing an ident i ty  check,  in  order  that  in  the event  of  a  check 
f a i l u r e  t h e  q u a n t i t i e s  b e i n g  c o m p a r e d  w i l l  b e  p r e s e r v e d  o n  t h e  A  a n d  B  

t ransfer  channels  for  inspect ion.  
Under  the  B  regis ters ,  the Norm. C.N.  key selects  the normalizing 

control  number coming from the zero-count ing c i rcui t .  When the  Norm. C.N.  
key i s  used,  the B t ransfer  s igns,  plus  and minus,  are  recorded as  posi
t ive and negat ive absolute  value codes,  respect ively.  

The powers  of  ten required for  shif ts  are  s tored in  two fas t  s torage 
channels  selected by the keys 10°+» and 10 1  under  the B codes:  the 
B number t ime is  used to  select  the par t icular  regis ter  required and also 
f ixes  the value of  n.  The combinat ion lO'O^,  number t ime 8 ,  selects  
the code to  record zeros  on the B t ransfer  channel .  

The key 10 suppl ies  the code for  a  power of  10 selected by the i  

regis ter .  When a  posi t ive number n ,  0  < n < 15,  has  been s tored in  the 
i  regis ter ,  10 = 10 n .  When a  negat ive number n,  -15 < n < 0,  has  been 
s tored in  the i  regis ter ,  10 l  -  I n  e l t h e r  c„ e >  t h e  s e l e c ted 

power of  10 may be used in  a  mult ipl icat ion to  shif t  a  quant  i ty  n columns,  
t h e  d i r e c t i o n  o f  t h e  s h i f t  b e i n g  d e t e r m i n e d  b y  t h e  s i g n  o f  n .  
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The three keys HRO, LRO, and 16/l5 RO supply the codes for special 

products from the multiplier. These may be called for on the last cycle 

of a multiplication or at any time after a multiplication, before the 

multiplier is used again. HRO and LRO refer to the high- and low-order 

product digits, respectively, while 16/15 RO refers to the product 

digits, 31-16, normally delivered for an operating decimal point between 

columns 16 and 15. 

The FRO key, for a feed read-out, and the feed key, at the far right 

Fig. 8.2-Block diagram.. 
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of the keyboard, are used in reading a quantity into the calculator from 
a numerical input tape. The single line of coding required to play back 
one quantity from tape to the two intermediate storage channels, Iq and 
Ib, is supplied by depressing the keys, Feed n, where n is a mechanism 
number, 1-8. Then either the command for a feed read-out may be given 
immediately after the Feed command, in which case the calculator auto
matically waits approximately twenty-five 
been completed; or operations not involving 
the tape read-record system may be inter
posed between the commands to feed and to 
start a feed read-out. When the FRO key is 
used, a six-line subsequence, Table 8.1, 
is supplied to perform a checked feed read
out. The quantity from channel J. is de-D  
livered to the storage register selected 
under the C codes. It is then played back 
from this register and compared with the 
q u a n t i t y  f r o m  c h a n n e l  I  .  

The C  codes select the register to which 
the quantity on the C bus is delivered. In 
addition to the fast storage registers, the 
following control registers are provided: 

1. i  r e g .  Here the sign, the 1-
component of the fourteenth digit, and the 
thirteenth digit are stored, to control the 
s e l e c t i o n s  m a d e  f o r  t h e  a . f 3  £ ,  1 0 * ,  a n d  i  
number time codes. 

2. C o n d .  c a l l .  Only the algebraic 
sign is stored, to determine whether a 
conditional call will succeed (plus sign) 
or fail (minus sign). 

3. L . N .  (line number register) F ± S '  8 ' 3 - U o d e  0 '  o p e r a t i o n  
"  s t r i p  s w i t c h .  

Provisions are made for storing digits 13-16 
to control the line number called nn Q . „„„„„ .•> on a command C0000 or (successful) 
(7C0000. These commands may be e - i v e n  .  ejr ue given immediately after reading to the 
line number register. Calls to sneeiriod i .• . 8 specified lines should not be interposed 

ween 8l re&d to the 11 ne n 11 mDv» . une number register and the command C0000 or 
CCOOOO, since the line number register , 

°  s  e r  i s  used in calling a s p e c i f i e d  
line. 

4. 5. The algebraic sign and digits 14-16 are delivered to circuits 

cycles until 

P L A Y B A C K  i P R I N T  i C H E C K  ) 
Ml-

R E C O R D  V 1  
P R I N T  ) 

M2-

P L A Y B A C K  V1 
P R I N T  ) 1  

M3-

R E C O R D  \ 1  
M4-

P L A Y B A C K  v l  
C H E C K  \ 1  

M5-I 

P R I N T  { 
1  

M6-I 

P L A Y B A C K  J  
P R I N T  \  
C O N T .  |  

M7-I 

the reading has 

M4-2 M4-3 M4-4 M4-5 

M7-2 M7-3 M7-4 
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cont ro l  l ine  a  re lay  pyramid  fo r  the  se lec t ion  of  s low s torage  channels .  

Twelve  cyc les  mus t  e lapse  be tween  read ing  in to  th i s  reg is te r  and  the  

F ig .  8 .4—L i n e  n u m b e r  a c c u m u l a t o r .  

command fo r  a  t ransfer  be tween  s low and  fas t  s torage ,  under  cont ro l  of  
the  key ,  s/f,  p/s (a t  the  fa r  r igh t ) .  The  s ign  s tored  in  the  8 reg is te r  

de te rmines  the  d i rec t ion  of  the  t ransfer ,  pos i t ive  for  a  s low to  fas t ,  

and negative for  a  f as t  to  s low s torage  t ransfer .  
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5.  C h e c k .  
6. S t o p .  The algebraic sign of the quantity on the C  bus is 

stored In a check-stop register (CSR) when either the check or the stop 

TO TRANSFER CONTACTS, 
R4 RELAYS, FIG. 0.13 

16 52 

4 DI8-4 | F22-I | 

15 51 

F22^2 | 

14 50 

M~| F23-I | 

F23-4 | 

4 D20-i j F24W j 

l-Tj F24-^2~| 

H~[ F28H j 

F28^~| 

R5 R3 
RELAY RELAY 

R2 
RELAY R" UNE 

RELAY NUMBER CONTACTS CONTACTS CONTACTS CONTACT.! 
(DI8 —024} (F22-F28) (DII-DI7) ?f"-F7, Ma 

I I 
I I 
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p@-

-2 

J-@-
C4-2 

7~@~ 

C5-2 

j-©-

j-©-
CI3-2 

J-©" 

HOLD-LINE FOR 
LINE NUMBER 

STORAGE UNIT 
1 I 

Fig. 8.5—L i n e  n u m b e r  s t o r a g e  u n i t  a n d  l i g h t s .  
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key is used. Three commands are recorded as shown in Table 8.1. If a 

negative sign has been stored, the calculator will stop, and either the 

check-stop or code-stop light will be turned on. 

A command to record on tape, such as aQ + b1 = Rec. 6, supplies an 

eight-line subsequence. The quantity on the C bus is first delivered to 

the intermediate storage channels, Ia and i^, associated with the tape 

read-record system. After regeneration the quantity on channel I^ is 

played back and checked with the quantity on the C bus before a command 

to begin recording is given to the selected mechanism. A tape record 

Fig. 8.6—Contacts on upper keys. 

, » • v. pvcles during which the calculator peration takes about twenty-five cycles, uui & 
_* involving the tape read-record system. *y perform any operations not involving une " 

n.ollv wait if any such commands are avever, the machine will automatically wait n any 

iven before the recording has been completed. 
T nne register to another in the calculator, 
To transfer a quantity from one g +Vl„ 

t i aa the ouantity to zero and then record from the 
t is necessary to add the quann j 
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bus into thi lit sired register. A transfer command may be indicated 

by selecting on the lower set of keys just two registers, one under the 

A or B codes, and the other under the C codes. The other codes required 
are automatically supplied. 

In Pig. 8.2 is shown a block diagram of the instructional tape prepa

ration table. The main cycling is under control of step switch 1, which 

makes one cycle (twenty steps) for each command and line number. When 

the keys selected on the keyboard require just one line of coding, step 

switch 1 supplies three of the five available main cycling voltages, 

namely, mcv 2 , mcv 3, and mcv 4. First, mcv 2' energizes two relays, 

: rZXEZSZHmSSSiSmm.... ... 
Fig. of code storage relags 1-16. 
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551 and 552,  through whose contacts  m c v  3 energizes  three groups of  
re lays ,  X,  Y ,  Z .  Then mcv 4,  through contacts  on the depressed keys,  
through contacts  on the X,  Y ,  Z re lays ,  and through the normally closed 
R4 contacts ,  energizes  corresponding code s torage relays.  Relays £1 are  
energized in  order  to  reset  the s torage uni t  and l ights  associated with 
the  l ine number accumulator .  When the  R3 re lays  are  picked up,  the l ine 
number to  be associated with the command now in  the code s torage relays 
i s  del ivered from the l ine number accumulator  through the R3 contacts ,  
through normally c losed R4 contacts  to  the fourteen l ine number s torage 
re lays .  

I f  the selected mode of  operat ion requires  a  check,  the R 4  re lays are  
energized.  Then s tep switch 1  waits  while  a  record or  playback operat ion 
i s  performed.  In  recording,  the information from the s torage relays is  
del ivered through a  re lay pyramid,  operated by e lectronic  r ing circui ts ,  
through the record-playback switching re lays  to  a tape record uni t .  In 
playback,  information i s  del ivered from a  tape playback uni t  through the 
s w i t c h i n g  r e l a y s  a n d  t h e  r e l a y  p y r a m i d ,  t h r o u g h  t h e  n o r m a l l y  o p e n  R 4  

contacts  to  the check re lays .  The check i s  performed by comparing 
corresponding code and l ine number d igi ts  from the s torage and check 
re lays .  Step switch 1  waits  again i f  a  pr int  operat ion is  required.  
Final ly ,  the l ine number accumulator  i s  advanced one s tep,  so that  a t  
the end of  the cycle  when the Rl  re lays  are  dropped out ,  the l ine number 
accumulator ,  s torage uni t ,  and l ights  wil l  a l l  contain the l ine number of  
the  next  command.  Provided there  i s  no check fa i lure ,  the keys are  reset  
and s tep switch 1  returns  to  the reset  posi t ion.  

When one of  the subsequence keys i s  depressed,  s tep switch 1  provides  
the necessary cycl ing vol tages  mcv 1,  2 ,  3 ,  and 4 .  In  this  case,  mcu 1  
advances two auxi l iary s tep switches,  9  and 10,  one s tep for  each l ine 
of  the  subsequence.  On each s ten mr>u o  +i~ P '  m c v  2> through one of  the wipers  on 
s tep switches 9  and 10 energizes  qpippt inn s  e s  select ion relays,  through whose contacts  
m c v  3 energizes  appropriate  out  re lavs  Thm,,^  „  + "S i  inrough contacts  on the relays 
energized by m c v  2 and m c v  3,  m c v  4  enerir iza* ~ energizes  the proper  code s torage 
re lays .  Step switch 1  ini t ia tes  the recn^a v.  .  une record,  playback,  pr int ,  or  check 
operat ions as  in  the non-subsequence case.  However ,  the  keys are  not  
reset  unt i l  the end of  the  subsequence,  and s tep switch 1  stops in  the 
reset  posi t ion only af ter  the whole subsequence has  been suppl ied.  

l ine number s torage uni t  servp<? n c n__ • ,  
m  „ serves  a  special  purpose in  subsequences 

Sg and s^ ,  Table  8 .1  which reoui  rp  tVia+ r .  1  • „  „  require  that  on l ine n ,  the  number n+2 be 
coded on sequence digi ts  3-16 a + + „  ] .  so  ib.  At the s tar t  of  the s tep switch 1  cycle  
when the coding for  l ine n  would normallv .  normally be suppl ied,  the R l  re lays  
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and the  re lay  hold . - l ine  for  the  l ine  number  s torage  uni t  a re  energized,  
leaving n s tored in  the  l ine  number  s torage  uni t .  Then the  l ine  number  
accumulator  i s  advanced one s tep ,  to  n +1,  and the  l ine  number  n+1 and 
the  codine  lor  th is  l ine  are  suppl ied  in  the  usual  way.  At  the  end of  
th is  cycle  the  l ine  number  accumulator  i s  advanced again ,  to  the  number  
n+2.  On the  next  cycle, re lays  R2 and R5 are  energized,  permit t ing  the  
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NOTES i INPUT CONNECTIONS (TOP) FROM KEYS (FIGS 8 6,0.9) 
2 OUTPUT CONNECT.ONS (BOTTOM) TO R4 TRANSFER CONTACTS (FIG 8.13) 

Fig.  " f  t o d e  s t o r a g e  r e l a y s  1-12,  17-28.  

mber  n .2  to  bo rood through tho 85 contacts  to  the  s torage  re lays  for  
ide  d ig i t .  3-16.  At  tho  aamo t i ro ,  tho l ino  number  n  I s  del ivered f rom 
ie  l ino number s torage  uni t  through the  82 contacts  to  the  l ino  number  
orege  re lays .  At  tho  end of  th is  cycle ,  the  l ine  number  accumulator  I s  

• t  advanced, s ince  I t  . . .  conta ins  the  correc t  l ine  number ,  n .2  for  
n  tr> th is  nrocedure ,  the  commands a re  suppl ied  ie  fo l lowing command.  Due to  th is  prooeu ,  _ 

1 n n+2 However, as mentioned in Chapter I, 
i t h e  f o l l o w i n g  o r d e r :  n + 1 ,  n ,  n + 2 .  >  

a nn the  ins t ruct ional  tape  i s  immater ia l ,  pro-ie  order  of  the  commands on the  in  
.  i  G  oi inr i l ied  wi th  each command,  ded that the proper line number is suppnea 

Uno.  c i rcui ts  in  the  ins t ruct ional  tape  prepa-The de ta i l s  of  the  cycl ing c i rcui ts  x 
.  j  _  F i f f S  8.3  through 8 .18.  The s t r ip  swi tch  

t ion  table  are  shown in  r igs .  
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contac ts  cont ro l l ing  the  mode  of  opera t ion  a re  shown in  F ig .  8 .3 .  The  

l ine  number  accumula tor ,  F ig .  8 .4 ,  cons is t s  essen t ia l ly  of  four  s tep  
swi tches  (5 .5 .  2 ,  3 ,  4 ,  5 ) ,  connec ted  as  decade  counters .  The  manual  

con t ro l s  on  the  reg is te r  a re  ind ica ted  a t  the  l e f t  of  the  drawing .  

F igure  8 .5  shows the  s torage  un i t ,  cons is t ing  of  re lays  51-514 ,  assoc ia ted  
wi th  the  l ine  number  accumula tor .  Also  shown a re  the  d isp lay  l igh ts  
and  the  contac ts  on  the  121,  122 ,  123 ,  and  R5 re lays ,  th rough which  l ine  

numbers  may be  de l ivered  to  s torage  re lays  39-52  for  l ine  numbers  or  to  
s to rage  re lays  3-16  fo r  code  d ig i t s  3-16 .  

The  s t r ip  swi tch  contac ts  of  the  upper  and  lower  keyboards  a re  ind i 

ca ted  in  F igs .  8 .6  through 8 .9 .  Only  a  few of  the  upper  keys  a re  shown,  
a s  the i r  contac ts  mere ly  provide  a  d i rec t  t rans la t ion  to  2*,4,2 ,1  nota t ion .  

J> CT> 
I !  

II 
II 
I 

1 iio 

12- 1 II 
1 

• 
w iyfV isov j ••so v J -msov fg 

,0 Jfl ifl Jfl 

u 

34 24 25 35 

I 

26 36 27 J7 

1 

NOTES: I. INPUT CONNECTIONS ITOP) FROM KEYS (FIGS 6 6 6 9) 

2. OUTPUT CONNECTIONS ISOTTOM) TO R4 TRANSFER CONTACTS (FIG. S .5. 

Fig .  8 .12—5ont ro i  of code storage relays 19-38 .  

S ince  the  te rmina ls  numbered  1 -38  in  Fia-s  s  «  a  o  r igs .  s .  6-8 .9  a re  connec ted  to  
cor responding  te rmina ls  in  F igs .  8 .10-8 .12 ,  the  code  s torage  re lays  . i l l  

he  energ ized  hy  . . .  4  through the  contac ts  on  the  out  re lays  p icked  up  
b y  mcv 2 , mcv 2, a n d  mcv 3 .  

663^^664 ^  8 ' ? '  8 " 8 '  8 " 9 '  ^  C o n t a c t s  cont ro l l ing  re lays  
663  and  664  sense  fo r  t ransfer  co-ands  re t i r ing  tha t  the  codes  for  
addi t ion  and  fo r  record ing  zeros  on  the  or  i  t ransfer  channel  be  
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suppl ied .  When e i ther  re lay  663 or  664 but  not  both  i s  energized by 
ncv 4,  F ig .  8 .18,  then mcv 2  wil l  energize  e i ther  re lay  666 or  665.  This  
permits  mco 3  to  p ick  up e i ther  re lays  562,  563,  or  re lays  566-569,  

* .16.  Through contacts  on these  re lays ,  F igs .  8 .10 and 8 .11,  mcv 4 
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delivers either the cedes A l t ' ,  Op. o r  B 1 7 - S ,  Op. 1, to the code 

storage relays. asterisk in Figs. 8.7 and 8.8 connect 
The contacts marked with an asterisw in s 
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m c v  2 to  one of  the  wipers  on s tep switch 9 or  10,  to  control  a  sub
sequence.  The same contacts  are  a lso shown in  the s tep switch diagrams,  
F igs .  8 .17 and 8 .18.  In  some cases  the subsequence keys also control  
contacts  leading to  s torage re lays  for  one or  more code digi ts  which may 
be  required on some l ine  of  the subsequence.  For  example,  the mult ipl i 
cat ion key,  x,  suppl ies  operat ion code 2 ,  required on the f i rs t  l ine of  
the  mult ipl icat ion subsequence.  

The funct ion keys label led 4,  3 ,  2 ,  1 ,  Interp. ,  l / \~ ,  Exp., log,  cos,  
and tan a l l  use the same wiper  on s tep switch 9 ,  the connect ion to 

FROM SS 10, LEVELS 2,3 
STEP I (FIG. 8 .18) 

•  «0 O 0  

n  
°-i o-, 

— 

p i g -  8 . 1 7 - s t e p  s w i t c h  9 .  

which i s  control led by the 
subsequences suppl ied for  the*** b 

s e  keys,  Tabl  
re lay contact  f f 3 0 - 2 .  This  is  b e c a u s e  the 

e  8 . 1 ,  di f fer  only  in  the 
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hundred ' s ,  t en ' s ,  and  un i t ' s  d ig i t s  of  the  l ine  number ,  Table  8 .2 ,  ca l led  
on the  th i rd  l ine  o l  the  subsequence .  These  d ig i t s  a re  in  each  case  

de l ivered  to  the  code  d ig i t s  5-16  through the  key  contac ts .  The  contac ts  
labe l led  u  and  w on the  subsequence  keys  a re  used  in  the  main  cyc l ing  
cont ro l  c i rcu i t s ,  F ig .  8 .15 ,  to  d i s t inguish  be tween  the  keys  supply ing  
the  subsequence  and  the  o ther  subsequence  keys .  

The  subsequences  s g  and  s g  suppl ied  for  the  s top  and  check  keys  d i f fe r  
only  in  the  opera t ion  code  g iven  on  the  l as t  l ine  of  the  subsequence .  
Accord ingly ,  the  same wiper  on  s tep  swi tch  10  i s  used  in  both  cases ,  and  
an  ex t ra  contac t  on  the  s top  key ,  F igs .  8 .9  and  8 .10 ,  provides  fo r  changing  
the  opera t ion  code  f rom 8  to  9 .  

F ig .  8 .18—S t e p  s w i t c h  10.  
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When the feed key is depressed, mcv 4 energizes relay 75, Fig. 8.9, 

causing relays 655, 656 and 657, Fig. 8.18, to be energized. Then the 

code for the mechanism selected, A11-A18, will be delivered to the code 

storage relays directly, Fig. 8.10. When a mechanism is selected for 

recording, however, relays 655, 656, and 657 are not energized until the 

eighth line of the record subsequence, since in recording a check is 

made before the command to select a mechanism is given. 

The storage and check relays are indicated in Fig. 8.13, along vith 

the R4 relay contacts through which the code and line number relays are 

energized. Also shown are the comparison circuits used in checking. 

Step switch 1, Fig. 8.14, together with the relays shown in Fie. 8.15, 

generates the main cycling voltages. The first level is used vhen no 

subsequence is required. The second level is used for all subsequences. 

The third and fourth levels are used to control the line number register 

to obtain lines n and n+1 in case subsequence s or s, must be supplied. 

The fifth level is used to produce timing voltages required in every 

operation of the step switch, while the sixth controls the voltage applied 
to the step switch coil. 

On step 1 of step switch 1, the step switch coil is energized provided 

the electronic circuits are reset, and relays £15 and L3 are picked up. 

On step 2 relays £17 through £26 are energized. These relays reset all 

the relays which were picked up on the previous cycle. On step 3 relays 

£26 and £27 are picked up and held until step 9 is reached, thus providing 
main cycling voltage mcv 4. 

If the mode of operation involves a subsequence, wiper 2 is connected 

to cam 2 on step 4. Step 5 supplies main cycling voltage men 2 until 

step 9 in all cases by energizing relay D4. On step 6 relay £29 is 
picked up in subsequence 

operation to provide 
! niiiUUii.iiiUUiUJ.iiliiii additional end of sub- ****4 mm mm 

sequence controls. 1 > 1 1 1 1 1 1 1 1 

The electronic ring D ' ' ' 1 ' 1 I I I I i i i i I i 

is advanced one step on . |! ! | J II I I I I ,11 I I I I Ill 
step 7 if the cycle 1 i . . .  

involves recording on Fi<r. s iq d 7 
a 19~Relat 1 ve timing of pul3es 

tape. Step 7 also pro- on tape for one command. 

vides mcv 3, permitting mcv 4 to stnro +w 
„ store the appropriate code in the code 

storage relays. Step 8 energizes r^i^,. 
. , S S relays f 1 through F8 which reset the 

line number storage relays. 

On step 9 relays D4, D7, £26, and £27 0 . «n 
. , "£7 are dropped out md re lav is picked up. This turns off mcv 2 o„h ™PPed out and relay 

2 and mcv 4 as well as mcv 2' in the 
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=zi =>Z2 =Z3 = Z4 =62 =G3 GI6 

RECORD-PLAYBACK SWITCHING RELAYS 

non-subsequence  opera t ions .  In  the  subsequence  cyc les ,  s tep  10  suppl ies  

mcv 1 to  energ ize  the  co i l s  of  s tep  swi tches  9  and  10 .  On s tep  11  the  

l ine  number  i s  t ransfer red  f rom the  l ine  number  accumula tor  to  the  
s torage  re lays .  S tep  12  a l lows  re lays  J17  th rough J20  to  be  p icked  up;  
these  re lays  repos i t ion  the  R4 re lays .  I f  the  mode  of  opera t ion  ca l l s  
for  record ing  on  the  magnet ic  t ape  the  record-p layback  swi tch ing  re lays  
are  energ ized  on  s tep  13  a l lowing  the  informat ion  s tored  in  the  re lays  to  
be  t ransfer red  to  the  record ing  c i rcu i t s .  In  addi t ion ,  s tep  13  a l lows  

re lays  ^18  and  F17 to  be  energ ized ,  thus  provid ing  power  to  the  c lu tch  
s ta r t  co i l .  

On s t ep  14  the  l ine  number  accumula tor  i s  advanced  once  and ,  in  the  

case  of  p layback  o r  record  opera t ions ,  s tep  swi tch  1  i s  made  to  wai t  
un t i l  the  comple t ion  of  the  des i red  e lec t ron ic  opera t ion .  S tep  15  i s  

blank  and  se rves  as  a  
wait point for step (FROM SSI, STEP 13) 

swi tch  1 .  At  the  end  c  
of  a  record  o r  p layback  

cyc le  s tep  16  in i t i a tes  
the  p r in t ing  opera t ion  

i f  p r in t ing  i s  ind ica ted  

and  ends  any  subsequence  
which  may have  been  
suppl ied .  On s t ep  17 ,  

i f  p r in t ing  i s  in  progress  
re lays  H8 and  H9 are  

energ ized  in  order  to  

provide  a  su i tab le  wai t  
for  s tep  swi tch  1  on  
s tep  19.  s tep  18 i s  the  
check  po in t  i f  checking  
i s  ind ica ted  in  the  mode  o f  opera t ion  

for  a  check  fa i lu re .  
On s tep  19  re lays  H8 and  H9 are  de-energ ized  a t  the  end  of  the  pr in t ing  

cycle a l lowing  the  s tep  swi tch  to  move  to  s tep  20. On s tep  20 the  number  
s tored  in  the  l ine  number  accumula tor  i s  read  out  to  the  ind ica tor  l igh ts  

and  the  keys  a re  rese t  provided  there  has  been  no  check  fa i lu re  on  s tep  18 .  
t ed  wi th  s tep  swi tch  1  are  requi red  to  

and  

TO PLAYBACKS^ 

FROM RECORDl 

TAPE 

Fig. 8.20—Pole  p iece  connec t  ions .  

.  Re lays  H13 and  #14 are  energ ized  

Additional circuits associa 
2 

mcv 3  
the necessary cycling for lines h and nil of subsequences , 

... These circuit, 111 ncv he described. The relays energised by -
Pig.  8 .16,  are  picked up through contacts  on re lays  energteed by mcv 
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and m c v  2.  A number of  paral le l  contacts  are provided in most  cases ,  
s ince certain combinations of  codes are required by more than one sub
sequence.  For example,  the X relays are energized whenever mcv  4 is  
to read through the key contacts  to  storage relays 1-16 (for A and oper
ation code digits);  the Y relays are energized whenever mcv  4  is  to read 
through the key contacts  to  storage relays 17-28 (for B code digits);  
the Z relays are energized whenever mcv  4 is  to read through the key 
contacts  to  storage relays 29-32 (for C  code digits);  relays 562 and 
563 are energized whenever the codes required are A15*,  Op.  1;  relays 
635 ,  636 ,  640 ,  641,  658,  and 659 are energized when,  in  a double-accuracy 
addit ion,  the number-t ime code must  be increased by 5 ,  and so on.  

Most  of  the relays control l ing the contacts  in Fig.  8 .16 are energized 
through step switches 9 and 10,  Fig.  8 .17 and Fig.  8 .18.  For example,  
consider the function subsequence,  s 2 ,  associated with wiper 2 ,  step 
switch 9 .  On the f irst  cycle ,  mcv  2 picks up relays 526,  527.  Through 
their  contacts  mcv  3 picks up the fol lowing relays:  Y relays;  562,563;  
592.  The command del ivered to the code storage relays wil l  then be to  
add the argument se lected under the B codes to  zero,  and to  record the 
sum in rQ .  

The next  two cycles  in the function subsequence supply l ines  n+1 and 
n,  in that  order.  On step 2 of  step switch 9,  mcv  2 energizes  relays 
528-531 .  Through contact  531-2,  relay J1  (Fig.  8 .15)  i s  picked up,  con
necting wiper 3  instead of  wiper 4  on step switch 1 to  cam 2.  The 
connections on this  level  provide for the operations l isted in Table 8 .3 .  

TABLE 8 .3  

Special  operations for l ine n  f l  

Step Operation Relays 

6 

8 

10 

11 

14 

Energize hold l ine for l ine number 
storage unit ,  and hold for two cycles .  

Disconnect  l ine number accumulator 
from l ine number storage unit .  

Advance l ine number accumulator 
( to  n+1) .  

Read from l ine number accumulator to  
l ine number storage relays.  

Advance l ine number accumulator again 
(to n+2).  

Pick up and hold 
D26,D28 

Pick up and hold 
R1 relays (F1-F8) 

Pick up R3 relays 
(F22-F28) 
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FROM C D RECORD PULSES 
PLAYBACK (FIG. 8. 24) 

MCV3, FOR 
RECORD ONLY 

EVEN SUPPRESSORS 

FROM D C RECORD PULSES 
PLAYBACK (FIG. 8.24) 

ODD SUPPRESSORS 

H 

H = 3,4 

RINGS RESET (LOW) 
TO FIG 8 24 

RING 7 
POS4 

RING 2 
H = 2,3 

RING 4 
H=2,3 

cp cp 
P4I P42 

JO (T-
P43 P44 

> RELAY PICK UP 

Fig. 8.22—Ring circuits, 
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PULSES FROM 
MAGNETIC 
CAM UNIT 

START ELECTRONIC CIRCUIT 

T P I 

T P 

I 

REGORO 
ONLY 

RINGS 

PYRAMID 
PATHS 

PULSES 
RECORDED 
ON TAPE 

RINGS 

PLAYBACK. 
ONLY S 

PYRAMID 
PATHS 

PB 
OUTPUTS 

Fig. 8.23-Ttmtng,  ' "  a n i  
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Thus the information del ivered to the storage relays on l ine n+1 wil l  
he the command to call a subroutine on the instructional storage drum, 

The ten 's ,  hundred's  and unit 's  digi ts  of  the l ine cal led are supplied 
by mcv 4 through contacts  on the selected function key and contacts  on 
the X relays.  

On s tep 3 of s tep switch 9,  mcv 2 energizes relay 532,  causing relays 
J2 and J3 (Fig.  8.15) to be picked up.  The J2-2 contact  disconnects  
wiper 4 from cam 2,  while through the J2-1 contact  the R2 and 85 relays 
are energized on s tep 7 of  s tep switch 1.  The number n+2 is  delirered 
from the l ine number accumulator  through the R5 contacts  to the storage 
relays for  code digi ts  3-16.  The number n is  delivered from the l ine 
number s torage unit  through the 53 contacts  to the storage relays for 
l ine numbers.  Thus the command,  XT(n+2)  = r  ,  is  supplied on l ine ' . .  
The codes 527* for  XT,  and C30-9 for  rq,  are stored by met* 4 through 
contacts  on relays 587-591,  which are energized by mcv 3 through contact  
532-1.  

Final ly,  on the fourth step of s tep switch 9,  mcv 2 picks up relays 
533,  534,  permit t ing mcv 3  to energize relays 562,  563;  585 ,  586; and 
the 5  relays.  This supplies the command to t ransfer  the c o m p u t e d  function 
f rom r ,  to the register  original ly selected under the C codes.  Relay 
682 is  energized,  to  indicate that  this  is  the last  1 i n e  of the sub
sequence,  causing the subsequence sensing relays,  Pig.  8.15,  to be 
dropped out .  

The magnetic tape used in the instruct ional  tape preparat ion tabh 
is  the same as  that  used in the numerical  Input  and output  d«i«i .  
Pulses are recorded in fo u r  channels ,  S ,  <, .  a n„ „ t  

t imes indicated in Fie - ,  s  1Q ru„„ .  
annels  C and D are reserved for  t i l ing 

pulses used in playback while inc. .  ,  '  information is  recorded in channels!  
and 3, With G&ch command nn 4 _ _ , , 
1  nf. lL i t .  +•  a-  •+ there are associated sixty-f®* information digi ts :  twelve wiori ,  r  
.  _ .  s  ^B) ,  thir ty-eight  code digi ts  (1-38).  

and fourteen l ine number die-i t^  fuo ^  
t,  + v. g l ls (39-52).  These digits are divi^ between channels  A and 5 inHi.  * as  indicated in Fig.  8 . 1 9  

Figure 8.20 shows the reenri-m t.  .  
ci / io u-  t ,  p layback switching relavs Zl  -24  ff l-ff l®. 5149,  which are energized in near,  e  relays,  
the connections between the pole t^  ^  Z  r 6 l a y 8 '  F l g* 8*2° '  
(? re lays,  Fig.  8.21,  determine the ^  °P  p l a y h a C k  U n i t 8 ,  * 
which information is  del ivered ei th n n e C t l o n  t o  t he relay pyramid throul  
units or from the playback units to *** Storage to the record 
controls  the pulse input  to the r e l a y S* R e l a y  S 1 4 9 '  F 1«*  ̂  
pyramid.  In playback,  the f i rs tT^ r l"g S  C o n t r o l l i"« the relays in t h e  

played hack from tane Tn ring is advanced by the C and D pulseS 

•  recording,  t h e  p l n g  ^ » 
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CLUTCH 
COILS 

FEED TAPE 

DE-ENERGIZE CLUTCH 
(SECOND CONTACT, FIG. 8.15) 

START }oSTOP 

pulses derived from a magnetic cam 

unit similar to the one provided 

in the numerical tape preparation 

table. The other six rings are 

stepped by pulses from the preceding 

rings as indicated in Fig. 8.22. 

Voltages from ring 1 are also used 

to gate on the pyramid, Fig. 8.21, 

at the times that digits are being 

read through. These times are dif

ferent for recording and playback 

since in recording the rings are 

ADJUST TAPE 
+70 V O • i • VV 

• • H L26—I 

5L24 

-100 V 

PULSES FROM 
POLE PIECE 3 

PULSES FROM 
POLE PIECE 2 

7- FROM FIG. 0.24 

+150 V 

Pig- 8.25—Manual tape controls . 

advanced one step from the reset position before the magnetic cam pulses 
are supplied. 

Timing diagrams illustrating the beginning of a record and playback 

cycle are shown in Fig. 8.23. When step switch 1 starts the electronic 

circuit, for either recording or playback, relay 5140, Fig. 8.24, is 

energized, setting trigger pair 1. The first following pulse from pole 

piece 2 on the magnetic cam then trips trigger pair 2, causing relays 

LI and L7 to be picked up. These relays are used in the main cycling 

circuit, Fig. 8.15. At the same time, for recording, three pulse gates 

are opened, admitting pulses from the pole pieces on the magnetic cam 
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10 the record c ircuits .  At the end of  a record or playback operation,  
when r ing 7 reaches posit ion 4,  tr igger pair  1  i s  reset .  The fol lowing 

O 
O 
o  
°1_ 1 1 1 1 1  °1 °1 1  °1 

o o o o o o o o o o o o o o o o o o 
° ° ° ° ° ° ° 

° 1  °-l °1 °1 °1 °1 °1 °1 °1 °1 °1 °1  °1 
«1**L M INT ITHOS TT 1 
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"B" "B" 

o o o o o  OPERATION o o o 
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o o o o o 
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o o o o o  o o 
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o o o o o o o o o o o 
23 

o o o o o o o 
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o o o o o' o o 
18 

o o o 
20 

o 
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o o o o o o o 19 o o o o o o o 
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1  
+ 150 V -

Fig.  8.26—P r i n t e r  s t e p  s w i t c h e s .  

Use from pole  piece 2  on the magnetic cam resets  tr igger pair  2 ,  causing 
• l»WM end 17 to  be dropped out ,  and thus permitt ing step switch 
0  resume I ts  cvcl ing.  

. .  taDe  are  prov ided  as  shown m Manual  contro l s  for  manipula t ing  tape  are  v  
,  .  and  removing  ree l s  o f  tape ,  a  swi tch  

8 .25 .  To  fac i l i ta te  mount ing  and  remo s  
i c t f t D  c o i l *  A  p u s h b u t t o n ,  f o o d  ay be thrown to  de-energize the c lutch P 
nuous lv  under  the  po le  p ieces  as  long  

a P e ,  c a u s e s  t h e  t a p e  t o  m o v e  c o n t i n u o u s  y  
o f t ,  .  h a  second pushbutton,  a d j u s t  t a p e ,  causes  a s  the button i s  depressed.  A seco r  

- s  t inned  to  the  beg inning  o f  the  next  
dev ious ly  recorded  tape  to  be  pos i t ioned  io  
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Fig. 8.27—Pyramid for typewriter solenoids. 

command. This is accomplished by energizing the clutch start coil as 

long as C and D pulses are played back from the tape. 

This chapter concludes with a description of the printing circuits 

controlling the electrically operated typewriter associated with the 

instructional tape preparation table. When the selected mode of oper

ation requires printing, step switch 1 on step 16 starts the first of 

three step switches, Fig. 8.26. These, through wipers 1-4, scan the 

storage or check relays for line numbers and codes. Thus on successive 

steps a decimal digit of the line number or code picks up a configuration 
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of  re lays  P l - P 9.  Through the P  re lay pyramid,  Fig.  8 .27,  a  corresponding 
typewri ter  so  1  enoid i s  energized,  causing the digi t  to  he pr inted.  Through 
connect ions on the f i f th  level  of  the  s tep switches,  re lay P12 i s  picked 
up when a  space i s  to  be pr inted;  re lay P13 i s  picked up to  sense for  
starred d igi ts ;  and re lay P14 i s  picked up a t  the end of  a  cycle  to  
provide a  carr iage re turn.  The seventh level  connect ions are  used to  
s tar t  one s tep switch when the preceding one has  f inished i ts  cycle .  
On the  las t  s tep of  the  f inal  s tep switch re lay P15 i s  energized to  end 
the pr int ing cycle  and to  al low s tep switch 1  to  resume operat ion.  The 
eighth level  controls  the pulses  del ivered to  the s tep switch coi ls .  

For  the  code digi ts  fol lowed by an as ter isk,  a  minus s ign is  pr inted 
direct ly  af ter  the digi t .  In  Fig.  8 .27,  re lay P10 i s  picked up whenever  
a  code d igi t  2*,  3*,  4*,  5*,  6*,  or  7* occurs ,  causing Pl l  to  be picked 
up and held through the normally c losed contacts  P12-2 and P15-2.  Fol
lowing each digi t  which may be s tarred,  s tep switch 6,  7 ,  or  8  picks up 
F13,  causing a  minus s ign or  space to  be pr inted,  depending on the 
posi t ion of  Pl l .  Pl l  i s  dropped out  on the next  s tep of  the s tep switch,  
when e i ther  P12,  for  a  space,  or  P15,  a t  the end of  the pr int ing,  i s  
energized.  



CHAPTER IX 

OPERATION OF THE CALCULATOR 

The power supplies of the Mark III Calculator are controlled from 
the panel shown in Plate IX located at the rear of the left wing of the 
machine. To turn on the machine the 110 volt AC power must be turned 
onfirst. Next the storage drums may be turne'd on followed by the sequence 
drum. The three motor generator sets and the filament power should also 
be turned on at this time. 

A minimum of twelve minutes must be allowed for the storage drums to 
attain full speed, and this is also a convenient length of time to warm 
up the filaments. When the storage drums are at full speed, the fol
lowing DC voltages may be turned on: -65, -150, ±100, -20, +55, +70, 
+150, -120, +250, +300, -250. The order prescribed here is calculated 
to prevent the application of plate voltages to vacuum tubes before bias 
voltages are applied. This is, of course, to prevent excessive plate 
or grid currents which might cause damage to the electronic components 
of the machine. It is particularly important to turn on the record 
voltage (-250 V) last to prevent the possibility of recording spurious 
information on the drums. 

Normally none of the voltages requires any adjustment, but meters and 

adjusting rheostats are provided so that all voltages can be set close 
to the nominal values. The switch controlling the cam unit located under
neath the typewriter table is generally left on; if this switch happens 
to be off, however, it may be turned on at any time. Voltages from the 
cam unit are required for the operation of the printers, the main control 
panel, and the instructional and numerical tape preparation tables. 

In turning off the power, the record voltage (-250 V) is removed 

first. Then the +300, +250, +150 and +70 volt powers may be turned off, 

followed by the filament voltage and the 110 volt AC power. When 110 volt 

AC is turned off all the relays controlling the motor generators, drums, 
and remaining DC voltages are dropped out. 

Before a problem can be solved by the machine, the instructional tape 
and any necessary value tapes must be made. Two auxiliary machines, the 
instructional tape preparation table and the numerical tape preparation 
table, are provided for the purpose of making the required tapes. The 
operation of these units will now be described. 

If the instructional tape preparation table power is not on, it should 

be turned on with the record voltage (-250 V) of the calculator off. 
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This  i s  to  avoid  the  poss ib i l i ty  of  t rans ient  surges '  d is turbing infor
mat ion recorded on the  drums of  the  ca lcula tor .  Af ter  the  f i laments  have 
beenl i t  for  about  ten  minutes ,  the  high vol tage  swi tches  may be  thrown on.  

An e rased ree l  of  tape  i s  threaded through the  ro l lers  of  the  tape  
mechanism as  shown in  Pla te  X.  Next ,  one  of  the  modes  of  opera t ion 
(e i ther  record  or  record and pr in t )  should  be  se lec ted  by depress ing 
the  appropr ia te  key a t  the  upper  r ight  of  the  keyboard .  The cycl ing 
rese t  but ton should  be  depressed in  case  the  cycl ing rese t  l ight  i s  not  on.  

Before  recording the  f i r s t  l ine  of  coding,  the  l ine  number  accumulator  
must  be  se t  to  the  l ine  number  on which the  coding s tar ts .  This  i s  done 
by enter ing the  required  l ine  number  in  the  manual  regis ter  a t  the  upper  
l e f t  o f  t h e  k e y b o a r d  a n d  p r e s s i n g  t h e  b u t t o n  s e t  a c c u m u l a t o r  t o  s p e c i f i e d  
l ine  number .  The correc t  l ine  number  should  then appear  in  the  l ine  

number  l ights  in  2*,4 ,2 ,1  nota t ion.  
The pos i t ion  of  the  tape  should  be  marked and the  f i rs t  l ine  of  coding 

should  be  se t  up by depress ing the  appropr ia te  keys  in  the  main  keyboard  
of  the  coding machine .  The s tar t  but ton a t  the  far  r ight  should  be  
pressed to  cause  the  proper  codes  to  be  recorded on the  tape .  Vhen 
recording i s  complete  the  keyboard  wi l l  be  rese t  and the  l ine  number  
accumulator  au tomat ica l ly  advanced by the  number  of  l ines  recorded on 
tape .  The next  l ine  may now be  recorded in  the  same way as  the  f i r s t  
l ine ,  except  tha t  the  tape  need not  be  marked nor  the  l ine  number  ac

cumulator  a l te red .  
After  ten  or  twenty  l ines  have been recorded,  i t  i s  advisable  to  

perform a  checking opera t ion to  make sure  tha t  the  coding machine  i s  
opera t ing proper ly .  To do th is  the  disengage c lu tch  swi tch  should  be  
thrown and the  tape  ro l led  back manual ly  to  the  place  in i t ia l ly  marked.  

Now one  of  the  modes  of  opera t ion involving playback and check should  
be se lec ted .  The l ine  number  accumulator  i s  once  more  se t  to  the  s tar t ing  
l ine  number ,  the  f i r s t  l ine  of  coding i s  entered in  the  mam keyboard ,  

-a  Tn case  of  a  check fa i lure ,  i t  should  and the  s tar t  but ton depressed.  in  case  
-s -  ano to  e lec t r ica l  fa i lure  in  the  be de termined whether  the  er ror  i s  due to  e lec t r i  

-  -e  the  machine .  To fac i l i ta te  t rac ing 
coding machine  or  improper  use  of  
wees  or  e r ror  i t  i .  advisable  to  employ the  pr in ter  in  both  record  

playback opera t ions .  I t  k i l l  be  assumed here  tha t  the  coding Machine 
i  • !  nH tha t  any check fa i lures  are  due to  er rors  in  i s  opera t ing correc t ly  and tha t  any .  
set t ing  up the  keyboard .  In  th is  case  the  proper  procedure  i s  make a  

. - - c o r d e d .  T h e s e  l i n e s  m a y  b e  r e r e c o r d e d  
note  of  the  l ines  incorrect ly  recor  

,  „ .  l i n e  n u m b e r  a c c u m u l a t o r  i s  s e t  t o  t n e  
a t  the  end of  the  tape  (af ter  the  l ine  num 

proper  l ine  number) .  
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The operator should now proceed to record the remainder of the program. 

The entire tape must he checked, and at some stage it is desirable that 

the coding be printed. This may be done either while recording or 

checking, or, using the playback and print mode of operation, after the 

checking is complete. 

Any necessary value tapes should be prepared on the numerical tape 

preparation table. After the filament switch has been turned on for 

about ten minutes the high voltages may be turned on by means of the two 

high voltage toggle switches. The -250 volt power (record voltage) should 

be turned off at the main control panel while the numerical tape prepa

ration table is turned on to avoid recording any spurious pulses on the 

drums of the machine. 

Next a reel of erased tape is placed on the tape mechanism above the 

keyboard as shown in Plate X. After the tape is threaded the motor 

should be turned on. 

Before entering the first value in the keyboard, it is necessary that 

the circuits of the numerical tape preparation table be reset, as indi

cated by the reset light in the upper right. In case this light is not 

on, the reset toggle switch should be thrown. When the light comes on, 

the switch should be turned off again. In addition to resetting the 

circuits, this switch resets all the keys in the keyboard. 

Now the first number is entered in the keyboard by depressing the 

appropriately numbered key in each column. In case the numbers to be 

recorded on tape are such that zeros occur repeatedly in a certain 

column, the toggle switch at the head of that column may be placed in 

the "zero" position. This is the equivalent of depressing the zero key 

in the column, except that the toggle switch can only be reset manually. 

When the number is set up in the keyboard, the start button is depressed. 

At this point the light marked first step completed should be lit. If, 

however, the column check light comes on, it means the operator has 

failed to depress a key (or throw a zero switch) in one or more columns; 

the error should be rectified and the start button pushed once more. 

When the first step completed light comes on, the keys are automatically 

reset. The operator must re-enter the number in the keyboard and again 

depress the start button. If the keyboard has been set up inan identical 

manner both the first and second times, the number will be recorded on 

tape, the keyboard and all electrical circuits will be reset and the 

reset light will be turned on. If the second number set up on the 

keyboard does not agree with the first the check light will be turned 

on. In this case the reset toggle switch should be used and the entire 
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process of recording the number should be repeated. 

The succeeding numbers making up the value tape should be recorded in 

the same manner as the first number. Considerable care must be taken 

in the preparation of value tapes, since it is difficult to make a cor

rection in case a number has been erroneously recorded. 

The next step in setting up the calculator for the solution of a 

problem is to transfer the coding recorded on tape to the sequence drum. 

The reel of tape taken from the instructional tape preparation table 

must be rewound and placed in the tape mechanism just to the right of 

the main control panel. The tape should be manually adjusted to its 

starting position by means of the mark made when the tape was prepared. 

The tape mechanism drive motor should be turned on after all manual 

adjustments are made. Finally the tape circuits should be reset as indi

cated by the tape circuits reset light in the lower right-hand corner 

of the main panel. If this light is not on, the tape circuits may be 

reset by pressing the button located directly below the light. 

The first line of coding may now be recorded on the drum. The button 

tape to drum and lights, next line should be used. The first line of 

coding will then be recorded on the drum and displayed in the lights. 

This line of coding should be checked against the coding from which the 

instructional tape was prepared to make sure that it is the first line 

and that the machine is operating properly. 
TO transfer the balence of the coding to the drum, the toggle switch 

lore to (true and Tiphts, continuous may he thrown. The lines of coding 

onu. Up. will then be recorded on the drum at the rate of approximately 

120 lines per minute. 
tn the drum, the tape should be When all coding has been transferred to tne arum, r 

anri ctnred until the problem has 
removed from the mechanism, rewound, an 

teen completed. n . 
Any input number tapes required in the problem must be placed in the 

appropriate tape read-record mechanisms. The first step is o urn o 
tho • r •»,„ Hutches by means of the appropriate toggle the motors and then the ciuicneb j 

•on* has been rewound the reel must be placed 
switches. After the value tape has pee» 

\ x-i The tape is then threaded on the mecha-
on the upper (supply) spindle. Tn P ,, .. vsupp y / F r e e i  i s  plac e d  o n  the lower 
«!• .. illustrated in Plate XX I . ^ ̂ ̂  hub of the l0Ker reel. 

(take-up) spindle and the tape starting position indicated by 
The tape is then manually adjusted to the stari g y 

the mark made when the tape was must be set< up for reading. 
After the tape is positione ^ ^ ̂  ̂ (lQwer) 

This is done by placing the read 
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position and plugging the six leads from the pole pieces into the lower 

row of plughubs. Finally the clutches and motors may be turned on. 

In the preparation of a value tape it is possible to record a pair 

of extra numbers at the beginning of the tape to assist in making sure 

the tape is properly positioned and to prove that the proper tape is on 

the mechanism. These numbers may be read from the tape to intermediate 

storage and thence to lights by operating the machine manually from the 
front panel. 

To set up a tape mechanism for recording, a reel of erased tape is 

placed on the upper spindle. The tape is threaded as before and attached 

to the-hub of an empty reel placed on the lower spindle as before. The 

read-record switch is placed in the record position and the six leads 

from the pole pieces are connected to the upper plughubs. Finally the 

tape must be marked to indicate the position of the first number recorded. 

The operating decimal point of the calculator is set by depressing 

one of the keys at the lower left of the main control panel. The proper 

location of decimal point is, of course, specified in the operating 

instructions for the problem at hand. Before starting the problem certain 

other procedures, as required by the operating instructions, may have 

to be carried out. In particular, it may be necessary to introduce 

certain quantities into the constant register channel. This is done 

by setting up the required number in the read-in keyboard at the upper 

left of the main panels. The number time of the register to be read into 

is selected by depressing the appropriate read-in switch register 

selection key, and the read-in is accomplished by pushing the read-in 

button. All numbers read into the calculator by this method should be 
checked by reading into lights. 

After the set-up procedure has been completed, the start line number 

must be entered in the start line number register on the front panel. 

When a problem is placed on the machine for the first time it is gener

ally necessary to stop the machine at selected places in the computation 

to make sure that the proper numbers are being computed. The number of 

the first line at which it is required to stop is entered in the atop 

line number register and the atop specified line toggle switch is thrown 

to the upper position. The machine is then started by depressing the 

atari specified line button and will automatically stop after the line 

entered in the stop line number register has been executed 

Vhen the stop has been reached, the contents of various selected 

registers may be displayed In lights and checked againsthand computation, 

prepared for the purpose. In case of error, the source of the error must 
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be t raced.  This  process  i s  faci l i ta ted by appropriate  use of  the four  
b u t t o n s  r u n  n e x t  l i n e  a n d  s t o p ,  r u n  s p e c i f i e d  l i n e  a n d  s t o p ,  r e a d  l a s t  

l ine  to  11 ghts ,  and read speci f ied  l ine  to  l ights ,  in  addi t ion to  the 
controls  jus t  descr ibed.  

In case i t  happens that  a  cer ta in  l ine of  coding must  be changed,  the 
number of  the  l ine should be entered in  the se lec t  l ine  number  regis ter  
and the proper  codes entered in  the coding keyboard.  The coding may be 
t r a n s f e r r e d  t o  t h e  d r u m  a n d  l i g h t s  b y  p u s h i n g  t h e  b u t t o n  l a b e l e d  t r a n s f e r  
l ine  of  coding to  drum and l ights .  The codes entered in  the keyboard may 
now be checked by examining the coding l ights .  The coding in  the drum may 
be checked by enter ing the l ine number in  the s tar t  l ine  number  regis ter  
and pressing the but ton read speci f ied  l ine  to  l ights  and again examining 
the coding l ights .  

As soon as  i t  i s  cer ta in  that  a l l  coding i s  correct  the machine i s ,  
of  course,  run cont inuously with the s top speci f ied  l ine  switch off .  

I t  nay be ant ic ipated that  during the course of  computat ions var ious 
machine s tops wil l  occur .  When the  machine s tops,  the s top l ight  i s  
l i t .  In  addi t ion another  l ight  should come on to  indicate  the reason 
for  the s top (e .g . ,  code s top,  check s top,  adder  exceed,  etc . ) .  

In case a  s top occurs  the number of  the las t  l ine of  coding executed 
should be determined by pressing the read las t  l ine  to  l ights  button 
and examining the l ine  number l ights .  The l ine  on which to  s tar t  the 
calculator  and the procedure which must  be fol lowed before  s tar t ing 
should be ascer ta ined by referr ing to  the instruct ions prepared in  coding 
the problem. In  the case of  check s tops i t  is  usual ly  necessary merely 
to  s tar t  the calculator  on some specif ied l ine.  In  case of  a  coded s top 
i t  may,  for  example,  be necessary to  change the value of  cer ta in  parame
ters  by means of  the  read-in regis ter ,  or  perhaps the tape on a  r e^ d  

record mechanism must  be changed.  Eventual ly  a  code s top is  reac e  
which s ignif ies  the end of  the computat ion.  At  th is  point  a  new problem 

,  x fhp resul ts  of  the  completed problem must  be se t  up on the calculator  and the resul ts  

must  be pr inted out .  .  ,  .  ,  „  
The printers, like the tape preparat ion table., are  independent  f 

the calculator proper and have individual pouer  controls .  Normally 
i t  - ic  necessary to  turn a  pr inter  al l  the pr inters  are  lef t  on;  in  case i t  is  necessary 

.  vol tage (-250 V) should be f i rs t  turned 
°n or  off  however  the  record vol tage 

_ t r n l  nanel .  To turn on a  pr inter  the 
at  the main power supply con P control  panel  

f . .  ,  .  f a r  l e f t  o f  t h e  p r i n t e r  c o n t r o l  p a n e l  
^ lament  switch located a t  the ^  filaments  have been 
Mate XXVII,  should be turned on fir^ „ hlgh voltages 

heated for  about  ten minutes  the .  
should be turned on.  



270 OPERATION OF THE CALCULATOR 

The controls  determining the typography must  be set  up in accordance 
with the specif icat ions regarding the required format of  the printed 
page.  A detai led discussion of the function of these controls  has already 
been presented in Chapter  VI so that  only a brief  recapitulat ion need 
be given here.  

The toggle switches a r g u m e n t  c o n t r o l  c o u n t e r  and s k i p  s t e p  determine 
the succession of argument-style prints  and function-style prints .  The 
drop  sero  switches control  the suppression of insignif icant  zeros;  as a 
rule the switch in the column immediately above the decimal point  and 
those below are off ,  while switches in the higher columns are turned on.  
The end-of -page  space  switch may be thrown to suppress the thir teen 
c a r r i a g e  r e t u r n s  g e n e r a l l y  g i v e n  a f t e r  e a c h  p a g e .  T h e  l i n e  g r o u p i n g  

switch determines whether the printed page shal l  consist  of f i f teen 
g r o u p s  o f  t h r e e  l i n e s  e a c h  o r  t e n  g r o u p s  o f  f i v e  l i n e s  e a c h .  T h e  D . P .  

cut -of f  switch determines whether or  not  the decimal point  be printed 
m an argument-style print ;  this  switch is ,  of course,  effect ive only 
m case a decimal point  is  plugged.  The repeat  pr in t  switch is  mainly 
for  test ing purposes and should be lef t  off .  

The plugging above the printer  tape mechanism determines which of  the 
s ixteen digi ts  recorded on tape are printed;  furthermore,  i t  is  to be 
noted that  only those digi ts  bracketed by the A .  C .  1 and A  . C .  2 plugs 
wil l  be printed in an argument-style print .  In addit ion,  plugging is  
used to insert  the decimal point  and any spaces required in their  proper 
posi t ions.  

The total  number of  characters  ( including spaces)  in a  typical  l ine of 
pr int  must  be counted to f ix the set t ing of the lef t-  and right-hand 
margin s tops of the typewriter .  The set t ing of the r ight-hand stop is  
important  as  the carr iage return is  supplied only when the carr iage is  
against  this  stop.  At the t ime the stops are set  i t  is  convenient  to 
check the posi t ion of the paper in the typewriter .  

The tape from which i t  is  desired tn ^ j  .  t o  P^int  should be placed on the 
printer  mechanism as she™ in Plate XXIV. The switches on the mechanis .  
panel  should be set  to print  from X with check.  Before s tar t ing the 
pr inter ,  the r tnp reset  switch should be turned on.  This  should cause 
the r ing horn,  l ight  to be l i t .  While the r tnp reset  switch is  s t i l l  on,  
the reset  s tep sen tehee switch should be turned on and lef t  on unti l  the 
l ights  numbered 1 ,2,3.4 5 fi  and >7 ,  ,  *>, and 7 above the switch are al l  on.  
Then the two reset  switches may be turned off .  

To s tar t  the printer  the s tar t  button should be depressed;  i t  should 
be noted that  the alarm Sen cut-o/ /  switch must  be down for  the s tar t  
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but ton to  take  e f fec t .  The swi tch  to  the  r ight  of  the  s t a r t  but ton 
determines  whether  the  pr in ter  s tops  af ter  pr in t ing the  f i r s t  number  or  
p r i n t s  c o n t i n u o u s l y .  T h i s  s w i t c h  m a y  b e  t h r o w n  f r o m  c o n t i n u o u s  t o  s i n g l e  
at  any t ime in  order  to  s top the  pr in ter  immedia te ly .  To s top the  pr in ter  
a t  the  end of  a  page,  the  s top a t  end of  page swi tch  may be  used.  The 
f ina l  pages  pr in ted  by the  machine  should  be  marked wi th  the  date  and 
the  name of  the  problem.  

In  conclus ion i t  should  be  remarked tha t  a l l  occurrences  concerned 
with  the  opera t ion of  the  machine  a re  careful ly  recorded in  a  logbook.  
This  i s  not  only  to  a l low analys is  of  the  t ime spent  in  running var ious  
problems,  but  i s  a lso  of  grea t  value  to  the  engineer ing s taf f  responsible  
for  the  maintenance  of  the  machine .  Fur thermore ,  the  mathemat ic ian  
responsible  for  the  solut ion of  a  cer ta in  problem can check to  make sure  
that  a l l  necessary  s teps  in  the  opera t ing procedure  have been performed.  
Besides  the  logbook specia l  sheets  are  provided for  recording per t inent  
fac ts  connected wi th  the  output  tapes .  These  sheets  serve  as  a  guide  
when the  informat ion recorded on the  tapes  i s  pr in ted .  Al l  marks  made 
on tape  should  be  numbered and dated  in  correspondence wi th  the  ent r ies  
in  the  log  sheets ;  the  use  of  da tes  avoids  confus ion when the  ree l  of  

tape  i s  erased and used again .  



CHAPTER X 

PROBLEM PREPARATION AND SOLUTION OF TYPICAL EXAMPLES 

A descr ipt ion of  the meanings of  the individual  codes which control  
the  operat ion of  the machine was given in  connect ion with the sequencing 
uni t  in  Chapter  VII .  The object  of  the  present  chapter  i s  to  give a  
descr ipt ion of  the way in  which codes are  used together  in  order  to  cause 
the calculator  to  solve specif ic  problems.  To th is  end the coding for  
four  sample problems wil l  be presented.  

Before consider ing these examples ,  however ,  i t  is  advisable  to  remark 
upon some of  the  sal ient  features  of  the  Mark I I I  Calculator .  In  the 
f i rs t  place,  the speed of  the machine i s  very great ;  in  the space of  
one minute  up to  f i f teen thousand l ines  of  coding may be acted upon by 
the  machine.  The f i rs t  consequence of  th is  is  that  only problems of  a  
considerable  magnitude are  sui table  for  solut ion on the Mark I I I  Calcu
la tor .  In  addi t ion a l l  unnecessary machine s tops should be avoided,  
s ince the t ime required for  the operator  to  determine the cause of  the 
s top and to  carry out  the procedure necessary to  s tar t  the machine again 
i s  obviously very large when measured in  terms of  machine cycles .  

The sequencing uni t  of  the calculator  permits  considerable  f lexibi l i ty  
in  the organizat ion of  the  coding of  problems.  In  par t icular ,  a  con
di t ional  cal l  to  rerun a  calculat ion may be coded in  place of  a  check,  as  
was shown in  the rout ines  to  compute the elementary funct ions presented 
in  Chapter  V.  Examinat ion of  these rout ines  shows that  numerous cal ls  
and condi t ional  cal ls  are  made to  reduce the number of  l ines  of  coding 
required;  and while  the rout ines  used to  compute the elementary funct ions 
are  qui te  short ,  they serve to  suggest  the  great  range of  possibi l i t ies  
for  coding problems requir ing many hundreds of  l ines  of  coding.  

Final ly ,  the number of  regis ters  compris ing the internal  s torage 
system of  the calculator  i s  re la t ively large,  in  keeping with the high 
speed and f lexibi l i ty  of  the machine.  I t  should rarely be necessary to  
resor t  to  external  s torage except  for  the numbers  represent ing the f inal  
computed resul ts  which must  be pr inted.  

Before the coding of  a  problem for  machine solut ion can be commenced,  
i t  is  necessary to  reduce the problem to  a  form involving only those 
operat ions which the  machine can perform.  Usual ly  several  numerical  
methods are  avai lable  for  the solut ion of  a  given problem; the select ion 
of  a  par t icular  method i s  based upon the accuracy required in  the resul ts ,  
the  t ime required for  the computat ion,  and the ease with which the coding 
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can be carried out .  Ihe various alternatives  must  be careful ly  weighed 
by the mathematician responsible  for the coding,  and in the f inal  analy
sis  the decis ions taken depend to  a large extent  upon his  individual  
judgment and experience.  

After the numerical  method has been selected the problem may be broken 
down into a number of  appropriate  subroutines and the coding started.  
Most of  the diff icult ies  in coding for any machine arise  from the indi
vidual  pecul iarit ies  of  the problem to be solved and from the form in 
vhich the coding must  be written.  The instructional  tape preparation 
table of  the present  calculator has been designed to make the form taken 
by the coding resemble c losely the form in which algebraic  expressions 
are general ly  written down,  thus reducing greatly the diff icult ies  in 
the mere mechanics  of  coding.  

Example 1 .  I t  i s  required to tabulate a group of  seventh degree 
polynomials  of  the form 

y  =  O q  +  0 ) X  +  0 - 2 x ^  +  a 3 x ' 3  +  a U x ^  +  a  +  a 6 x 6  +  a 7 x 7  >  ( l )  

in the range 0  < x  < x at  intervals  of  Ax = h.  — •— f f lCL  OC ^  \  '  
For the purpose of  computation i t  is  convenient  to  rewrite  Eq.  (1)  in 

the form 

J/ •  s 0  •  x(a,  + x(a 2  + x(a 3  + x(a^ + x(a 5  + x(a 6  + xa 7 ) ) ) ) ) ) .  

I t  i s  seen that  seven mult ipl icat ions and seven addit ions are required 

for the calculat ion.  
While  the polynomial  could very wel l  be checked by the calculat ion 

of high order differences,  i t  is  apparently faster to  evaluate the s ixth 

degree polynomial  expression for 

Ay  = ] / (x  + h)  -  ! / (x) .  

Let  _ ,  
*(*  + h )  -  y (x )  =  A1/  =  f 0  +  +  +  b 3* 3  +  +  b 5 X  +  b 6 X  ' '  

then the values of  the coeff ic ients  are found to  be 

6 0  .  <•'  •  « 6».« *  *5** +  " * 0 , 3* 3  +  if I X 
t ,  .  7a 7<.« •  6a 6h= •  5a 5*-  * ***** * 3*,* * 
t ,  .  Zla 7 h s .  *  10*5» 3  *  ^ - h Z  *  2 a 3 "  

63 = 35a 7h 4  + 20a 6h 3  + lOa 5h 2  + 4  a h h  

b u  = 35a 7h 3  + 15a 6h 2  + 5a 5 h  

b 5  =.  21a 7 h z  + 6a e h  

b f ,  = 7 a .yh  
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Since h  is a fixed constant, the values of b .  can he computed initially 

from the coefficients a;. Each new value of y can therefore he computed 

in two different ways and the results checked. 

The coding for the problem is given in Tahle 10.1 and may he con

sidered to he divided into two parts. The first part may he called the 

starting routine, and is used only at the start of the tabulation of 

each new polynomial. The second part is the tabulation routine. This 

routine is executed to compute each new value of the dependent variable. 

The coefficients of the polynomials are introduced by means of a value 

tape. Each group of coefficients is preceded by a serial number whose 

sign is positive. The serial number is stored in a9 for reference in 

case of an arbitrary point rerun. Each group of coefficients is followed 

by the negative sum of the coefficients for checking purposes. At the 

end of the value tape a negative number is recorded to control the stop 
register. 

After the coefficients have been transferred from the value tape 

on mechanism 1 to the storage registers af, the negative sum of the 

coefficients is transferred to a8 and a check is performed on line 0082. 

The next lines of coding to line 0198 are for the purpose of computing 

the values of the coefficients according to Eqs. (2). 

It is found by summing Eqs. (2) that 

6 

= aih + az (hz+2h) + a2(h2+3hz+3h) + ah (6^+46 3+6h2 +4h) + 
o 

whence 6 

z2bi 
= âi(n+1)l " L̂/v 

0 o o 
7 

Lines 0199 to 0227 are used to compute ^ (h +1) ̂, and on line 0238 a 
o 

conditional call is made to rerun the calculation of the coefficients b 
in case 

ib<-

is greater than a suitable tolerance placed in switch 3. Before the 

call is made the rollback control register, d0, is incremented by one 

in the first machine column. This register was initially set up on 

line 0075 to contain -1 in the first machine column, and therefore, in 

general, contains the number of reruns performed. On line 0084, the 

quantity in d0 is checked to be less than some number placed in switch 5. 

The purpose of this check is simply to control the number of automatic 
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rol lbacks performed by the machine before  an indicat ion of  fa i lure  is  
given to  the operator .  The se t t ing of  switch 5 should be a t  the dis
cret ion of  the  operator  of  the  machine.  

As an extra  precaut ion,  a  check i s  performed on the difference used 
to control  the  condi t ional  cal l  regis ter  in  case the cal l  to  the rerun 
l ine does not  succeed.  After  this  check i s  passed the f i rs t  value of  the 
argument ,  x  = 0 ,  i s  placed in  x 0  and x 2 .  The regis ter  x 2  will  in  future  
contain twice the number in  x 0  for  checking purposes .  Evident ly  the 
f i rs t  value of  the  funct ion,  y(0) ,  i s  a 0 ;  the quant i ty  a 0  is  therefore  
transferred to  y 0  and the argument  and funct ion are  recorded on 
mechanism 2 .  

On l ines  0268 and 0269 the quant i t ies  h and 2h,  f rom switches 1  and 2,  
are  added to  x 0  and x 2  and the sums are  placed in  regis ters  and x 3  

respect ively.  On l ine  0273 a  condi t ional  cal l  i s  made to  rerun the 
computat ion of  x ,  and x 3  in  case x 3  is  not  twice x ,  .  The regis ter  d,  
is  used as  the control  regis ter  for  this  rerun,  being compared with 
switch 5 .  

The coding on l ines  0281 through 0308 represents  the evaluat ion of  
the polynomial  for  the argument  x-f  .  I t  wil l  be recal led that  the f i rs t  
value of  the  polynomial ,  y(0) ,  was s tored in  regis ter  y 0 .  In  this  
instance,  however ,  y(x,  )  i s  s tored in  y,  .  The coding on l ines  0309 
throueh 0332 represents  the calculat ion of  Ay.  For  th is  calculat ion the 
previous value of  the  argument ,  s t i l l  s tored in  x 0 ,  i s  used,  and the 
resul t  i s  added to  the previous value of  the  funct ion y 0 .  An automatic  
rerun i s  performed in  case |y 0  + Ay -  Vr  |  is  greater  than the tolerance 
placed in  switch 3 ,  and a  check i s  also performed on this  difference in  
case the rerun i s  not  performed.  When the check i s  passed the argument  

and function are recorded on mechanism 2. 
I t  should bo noted thot  the l ines  of  coding 0343-0437 ore  the same as  

l i n e s  0 2 4 6 - 0 3 4 1  e x c e p t  f o r  t h e  f a c t  t h a t  t h e  r 3 1 e s  o f  r e g i s t e r s  x z ,  
H .  H  and regis ters  X ,  ,  x „  l / i  ,  P3 are  Interchanged.  The use of  a  

, ,  .  p ^ i H t n t p o  t h e  r o l l b a c k  s i n c e  t h e  t w o - s e c t i o n  r o u t i n e  o f  t h i s  k i n d  f a c i l i t a t e s  
,  » -  l ,  Qvvp needed to  compute x-\ , * numbers  in  x n ,  x 2 ,  y 0 ,  and y 2 ,  which are  neeaea r  

o not  changed in  the f i rs t  sect ion,  and and y 3  in  the f i rs t  sect ion,  are  not  cha g 
11,  and ! / T ,  needed to  compute 

°n the other  hand the numbers  in  xi  ,  23* '  • ,  
c  Opct ion are  not  a l tered in  the second *0,  * 2 ,  y 0 ,  and y 2  i n  t h e  s e C o n d  sect ion,  

sect ion .  ,  .  
^ v.  +*« value of  y(x)  i s  required is  

The highest value of * for which the va compared with 

^ored i n  switch 6 .  On l ines  0254 and 03« ^  c a l l  i s  made to  l ine 
s w t tch 6  and on l ines  0264 and 0360 a  condi t ional  
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OOOl.  When x  =  x  th is  ca l l  succeeds  and a  new se t  of  coeff ic ients  a .  max i 
i s  t ransferred  to  fas t  s torage  f rom the  value  tape  on mechanism 1  to  
s tar t  a  new i tem of  the  tabula t ion.  When the  las t  i tem i s  completed ,  
the  ser ia l  number  read f rom tape  to  a 9  has  a  minus  s ign a t tached and 
the  code s top l ight  comes on,  s igni fying the  end of  the  problem.  

In  th is  example  a l l  in termedia te  resul ts  obta ined in  the  course  of  
the  computa t ion have been read in to  fas t  s torage  regis ters .  This  i s  
by no means  necessary ,  but  i t  should  be  emphasized tha t  the  l ibera l  use  
of  regis ters  to  s tore  in termedia te  resul ts  cannot  fa i l  to  s impl i fy  the  
problem of  t rac ing sources  of  e r ror .  

The opera t ing ins t ruct ions  consis t  of  the  s tar t ing  ins t ruct ions ,  swi tch  
se t t ings  and rerun ins t ruct ions .  In  addi t ion  a  descr ip t ion of  any value  
tapes  used should  be  g iven.  In  th is  example  the  numerica l  va lues  of  the  
swi tch  se t t ings  are  not  g iven s ince  the  coding i s  genera l  in  form.  
Together  wi th  the  descr ip t ion of  the  value  tape  a l ready presented,  the  
opera t ing ins t ruct ions  for  th is  problem are  as  fo l lows:  

S t a r t i n g  I n s t r u c t i o n s  

1.  Set  decimal  point  swi tch  to  13/ l2 .  
2 .  Place  value  tape  on mechanism 1 .  Set  up mechanism 1  for  

reading.  Set  up mechanism 2  for  recording.  
3 .  Star t  l ine  0001.  

S w i t c h  S e t t i n g s  
SW 0  = 1  in  machine  column 1  
S W  1  =  h -
SW 2  = 2h 

SW 3  = Tolerance  for  b  check 
SW 4  = Tolerance  for  d i f ference  check 
SW 5  = Rol lback control  in  machine  column 1  
SV 6  = i  max 

Rerun Instructions 

Line Ins t ruct ions  

0007 FRO check.  Back up value  tape  and s tar t  l ine  0001.  
0017 "  " " " " " » II n „  
0024 "  "  "  "  » »  «  i t  II u 
0031 "  "  "  "  "  n n  „  n  „  
0038 « ' t  n n , ,  „  „  „  
0045 "  "  "  » "  » "  i i  n  „  
0052 n n i t  n  n  n  „  „  „  „  
0059 "  "  '» I t  n  n  II  n  „  „  
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Rerun I n s  t r u e  t t  ona (continued) 

Line Instructions 

0066 F R O  check. Back up value tape and start line 0001. 
0081 » » " " tt n II II n „ 

0082 Identity check on sum of coefficients from tape. Back up value 

tape and start line 0001. If there is reason to believe that the 

numbers on the tape are incorrect, start next item by starting on 

line 0001 without backing up value tape. 

0086 Rollback control check. Called from line 0238. Number of reruns 

in d0. Start next line. 

0242 Computation check. Start line 0087. 

0252 Record check. Start line 0246. 

0262 Record check. Start line 0256. 

0267 Rollback control check. Called from line 0273. Number of reruns 

in d, . Start next line. 

0277 Identity check. Start line 0268. 

0280 Rollback control check. Called from line 0337. Number of reruns 

in d2. Start next line. 

0341 Computation check. Start line 0268. 

0348 Record check. Start line 0342. 

0358 Record check. Start line 0352. 

0363 Rollback control check. Called from line 0369. Number of reruns 

in d, . Start next line. 

0373 Identity check. Start line 0364. 
0376 Rollback control check. Called from line 0433. Number of reruns 

in d2. Start next line. 

0437 Computation check. Start line 0364. 

A r b i t r a r y  P o i n t  R e r u n  
Back up value tope. Start line 0001. 

Code S t o p  

Line 0010. End of problem. 
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TABLE 10 1 

Expression Line A OP B c 

Start line 0001 Feed 1 

a9 = Item number 0002 fRO a9 

End of problem 0008 ag Stop 

0011 - Feed 1 

0012 fRO ao 
• 0018 Feed 1 

0019 FRO al 
0025 Feed 1 

0026 FRO a2 
0032 Feed 1 

0033 FRO °3 

0039 Feed 1 

0040 FRO a4 
0046 Feed 1 

0047 FRO a5 
0053 Feed 1 

• 0054 FRO a6 
0060 Feed 1 

0061 FRO °7 

0067 Feed 1 

0068 aO + e0 
0069 a + a2 »l 
0070 a + a3 ®2 
0071 a + «3 
0072 a + a5 ' 
0073 a + a6 ®5 

®6 = Sdj. 0074 a + a7 ®6 
d0 = Rollback control 0075 -SV 0 d0 
ag • — 2c ̂ 0076 FRO a8 
Identity check 0082 "®6 6 a8 

0083 

Rollback control check 0084 SV 5 - dO Check 
0087 CX'j X SV 1 ®o 
0090 o + a 6 ®i 

0091 a X SV 1 ®2 
0094 a + a5 ®3 
0095 a X SV 1 «4 

0098 o + ®5 
0099 o X SV 1 ®6 . 
0102 a + a3 e7 
0103 a X SV 1 ®8 
0106 a + a2 ®9 

0107 a X SV 1 lo 

0110 a + O) /l 
b 0 = ha-\ +hza2+h^a 3+h'*aLt+h5ari+h6 a£+h7 a7 0111 a X SV 1 h0 



PROBLEM PREPARATION AND TYPICAL EXAMPLES 279 

TABLE 10 .1 (continued) 

Expression Line A OP B C 

0114 a3 + a3 = 0 

h 
• to, 0115 

0116 

a 

XTQ004, 

+ a 3 

-1 1 

f2 
°l 

fi • *><. 0117 a X ah f 3 

0120 a + alt <=3 

h • to,. 0121 

0122 

a 

XT0007 

+ ah • 

-1 1 

A 

0123 a X a7 ho 

0126 a6 X SV 1 hi 

0129 XTO005 + 1 1 °5 

f> • to. 0130 a X a5 f5 

m 7a7h 0133 ho X SV 1 A 

ft • 7a7h* 0136 a X SV 1 ft, 

ft • 10a, 0139 f 5 + f5 ft 

0140 f 6 + ft, h2 

ft • Zla7h2 0141 a + ft, f 8 

ft • 3toTh2 0142 

0143 

a 

AT0006 

+ h2 

-1 1 

f 9 

c 6 

Co • 6a,h 0144 

0147 

a 

AT0015 

X 

+ l 1 

9 o 
c7 

Si • 15at>i 0148 a X hi 91 

0151 a + 9 o 9 2 

'i • 20a,* 
0152 a - hi 93 

0153 ft, + 9o c 8 

0154 a + f 5 Cg 

0155 a X SV 1 h3 

0158 a + f 3 A 

0159 a X SV 1 h5 

0162 a + f 2 h6 

0163 a X SV 1 hy 

0166 a + a2 h 8 

0167 a + <*2 hq 

01 • Za2h*3a3h**4auh**5aih,'*6a(>hi*7a7h(> 
0168 

0171 

a 

fe 

X 

+ 

SV 1 

91 

bi 

Po 

0172 a + fl Pi 

0173 a X SV 1 P 2 

0176 a + A P 3 

0177 a X SV 1 Pu 

0180 a + f 2 P5 

0181 

0184 

x SV 1 t>2 

'2 • to,**6a,.hJ 3*15a6'»''+21a7't 5 
0181 

0184 

a 

f 9 
+ 93 P 6 

0185 a + f 7 P7 

0186 
x SV 1 P8 

0186 a 
P8 

0189 
+ f 3 P 9 

0189 a f 3 P 9 
0189 

x SV 1 b3 
. • 0190 a 

3 * 4a(.h*10a,>iA20a6>»3*35a7'i 
0193 f 9 

+ 91 9 o 
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TABLE 10 .1 (continued) 

Expression Line A OP B <7 

0194 0 + f 5 0} 

b4 = 5a57i+15a6hz+35a.7h 3 0195 0 X SW 1 

& 5 = 6afih+21a7h** 0198 fs + »0 "s 
p2 = 1+A 0199 sw 1 + 10'2 02 

0200 cr X a7 0 3 
0203 a + »6 04 
0204 0 X 02 05 
0207 a + a5 06 
0208 cr X 02 07 
0211 a + a4 06 
0212 0 X 0 2 »9 
0215 0 + °3 

r0 

0216 a X 02 '•l 
0219 0 + a2 r2 
0220 cr X 02 r3 
0223 cr + <*J r4 

r 6 = Zai(l+h)t 

r7 = Sa£(1+A)1 - Zat 

0224 a X 02 r5 
r 6 = Zai(l+h)t 

r7 = Sa£(1+A)1 - Zat 

0227 cr + aO r6 
r 6 = Zai(l+h)t 

r7 = Sa£(1+A)1 - Zat 0228 cr + a8 r7 
0229 *0 + f| re 
0230 cr + »2 r9 
0231 a + "3 "o 
0232 a + *4 «i 
0233 a +• b5 3 2 

S3 = Zt ̂ 0234 cr + b6 "3 
0235 cr - r7 s4 
0236 + |a| - SW 3 Cond. call 

Increment rollback control 0237 *0 + SW 0 d0 
Automatic rollback 0238 CC008A 

0239 r7 - s3 3 5 
Computation check 0240 -|a| + SW 3 Check 
x0 = Argument 0243 AT2*0000 + l 1 x0 
x2 = Twice argument 0244 0 x2 
y 0 = 0(0) 0245 a0 00 
Record argument 0246 x0 Rec. 2 

0254 *0 _ SW 6 Cond. call 
d7 = Rollback control 0255 -SW 0 *1 
Record function 0256 0o Rec. 2 
Start new item 0264 CC0001 

0o Rec. 2 

Rollback control check 0265 SW 5 <*) Check 
xi = Argument 0268 xO + SW 1 X, 
x3 = Twice argument 0269 *3 + SW 2 X3 

0270 + X1 8o 
0271 + M - SW 0 Cond. call 

Increment rollback control 0272 SW 0 + d, d, 
Automatic rollback 0273 CC0265 

1 
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TABLE 10 •1 (continued) 

Expression Line A OP B < 7  

i ,  • Rollback control 0274 -SW 0 d 2  
0275 + X ,  el 

Argument check 0276 
0277 

a  6 *3 

Rollback control check 0278 SW 5 - d 2  Check 
0281 ° 7  X  x, e 2  
0284 a  + 

a  6  e 3  
0285 a  X  X ,  e 4  
0288 a  + 

a 5  es 
0289 a  X  X 1  ® 6  

0292 0  + a4 e 7  
0293 a  X  X ,  e s  
0296 a  + 

a 3  e 9  
0297 a  X  X ,  So  
0300 a  + 

a 2  f  1  

0301 a  X  X ,  2  

0304 a  + a ,  3  

• V (*) • 

0305 a  X  X ,  A 
• V (*) • 0308 a  + ao • V (*) • 

0309 *6 X  X 0  5  

0312 0  + b 5  f t  
0313 0  X  X 0  f  7  
0316 0  + f e  
0317 0  X  *0 f 9  

0320 0  + f c 3  So 
0321 0  X  *0 Si 

0324 0  + f i 2  s2 

0325 0  X  *0 »3 

0328 0  
+ S4 

0329 0  X  X 0  S5 

0332 0  + "0  S6 

ii} * Ak(x-h) . i b ( z^  0333 0  
+ y 0  S3 

0334 0  — si S7 

0335 +  | 0 |  - SW 4 Cond. call 

Increment rollback control 0336 d 2  
+ SW 0 d z  

lutoaatlc rollback 0337 C<70278 
y  3  0338 Vl  * 
y  3  9 e  

0339 I  1  + SW 4 Check 
Papulation check 0339 - | 0 |  

Rec • 2 
Record argument 0342 1  

SW 6 Cond- call 
0350 

1  

SW 6 Cond- call 

0351 
-SW 0 d ,  

i i  ' Rollback control 0351 
fl Rec - 2 

Record function 0352 fl Rec - 2 

Start new ltea 0360 <7(70001 
d, 
SW 1 

Check 
So'lbtick control check 0361 SW 5 

+ 

d, 
SW 1 x o  

*0 * Arruaent 0364 
+ SW 2 X 2  

* T*lce arruaent 0365 * 3  
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TABLE 10 1 (continued) 

Expression Line A OP B C 

0366 x0 + x0 ®0 
0367 + |ff| - SW 0 Cond. call 

Increment rollback control 0368 SW 0 + d, 

Automatic rollback 0369 <7 <703 61 

d2 = Rollback control 0370 -SW 0 d2 

0371 *0 + x0 «l 

Argument check 0372 

0373 

a 6 x2 

Rollback control check 0374 SV 5 - d2 Check 

0377 Qi 7 X x0 e2 

0380 G + a 6 «3 
. 0381 a X xo . 

0384 a + a5 e5 
0385 a X x0 «6 
0388 G + a4 ®7 
0389 G X xO ®8 
0392 G + a 3 ®9 
0393 G X xO f 0 
0396 G + a2 /l 
0397 G X xO /2 
0400 G + al f3 

j/O = v M  = Z a i x l  

0401 G X x0 A 
j/O = v M  = Z a i x l  0404 G + a0 J/o 

0405 *>6 X *1 A 
0408 G + »s A 
0409 G X *1 A 
0412 G + K A8 
0413 G X *i A 
0416 G + "3 So 
0417 G X *1 01 
0420 G + b2 Bz 
0421 G X B 3 
0424 C + "l A 
0425 G X *1 05 

<J2 = Ay(x-h) = Sb(x' 

0428 G + »0 3b 

<J2 = Ay(x-h) = Sb(x' 0429 G + J/1 32 
0430 G - y0 37 
0431 + |ty| - SW 4 Cond. call 

Increment rollback control 0432 d g + SW 0 d2 
Automatic rollback 0433 CC0374 

0434 y_o - 02 08 
Computation check 0435 

0438 
-M 
<702 46 

+ SW 4 Check 
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Example  2 .  In  th is  example  the  coding for  a  rout ine  to  compute  and 
check the  express ion 

b  a = c ( 3 )  

where  a ,  b ,  and c  a re  complex quant i t ies  wi l l  be  g iven.  At  the  s tar t  
of  the  rout ine  i t  wi l l  be  supposed tha t  the  rea l  and imaginary  par ts  of  
a  and b are  s tanding in  regis ters  a 0 ,  a , ,  b 0 ,  6,  ,  respect ively ,  and i t  
is  required  to  p lace  the  rea l  and imaginary  par ts  of  the  resul t  in  c 0  

and c t  respect ively .  
In  comput ing the  complex exponent ia l  the  bui l t - in  funct ional  rout ines  

wi l l ,  of  course ,  be  employed.  I t  i s  therefore  necessary  to  wri te  out  
the  rea l  and imaginary  par ts  of  Eq.  (3)  in  terms of  logar i thms and 
exponent ia ls  to  the  base  ten .  In  the  f i rs t  place  

a  =  10  

where  

log , 0 (a 0 +ta , )  

log , 0 (a 0 +to, )  = log ,o jvag+af  e i  t a n  ( a ' / a o ) j  

= ^ log, 0 (ag+af)  + I  t an - 1 (a , /a 0 ) l°gi  0 e  •  

Here  the  value  of  tan _ 1 (a , /a 0 )  ly i n & between -n  and rr ,  i . e . ,  the  pr inci 
pal  va lue ,  i s  to  be  used.  I t  fo l lows from Eq.  (4)  tha t  

a b  =  1 0 (*> o  +  * b i  > l o ei 0 ( a o + * a i )  

= p  (cos  ( p  +  i  s in  <f>) ,  

where  

and 

1 0 £b°  log, 0 ( a $ + a ? ) - b ,  tan  1 (a , /a o ) log , 0 e^ 

0  -  $b,  log e 10 l o g 1 0 ( a g + a ? )  +  b o  tan" 1 (o , /o 0 ) .  

Final ly ,  therefore ,  

c  = p  s in  0 .  c 0  = p  C O S  0,  °1 P 

He resul ts  c 0  und c ,  -ay  be  checked by means  of  the  re la t ion  

a  =  c 1  . i  A .  

Sine ,  th is  i s  another  complex exponent ia l ,  the  same coding 
for  the  Check a ,  -as  used for  the  computat ion of  a ,  In  the  
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check ca lcula t ion,  however ,  the  pr incipal  value  of  tan" 1  (c  j /c 0 )  cannot  
he  used s ince  th is  i s  not  necessar i ly  equal  to  cf>.  To  the  pr incipal  value  
of  tan - 1  (cT  /e 0 )  must  he  added 2nrr ,  where  n i s  a  pos i t ive  or  negat ive  
in teger ,  or  zero ,  such tha t  

-TT < (£> - 2nrr < n. 

Evident ly  the  ca lcula t ion of  the  quant i ty  2nrr  must  be  made dur ing the  
or ig inal  computa t ion of  c .  

The coding for  the  rout ine  i s  given in  Table  10 .3 .  On l ine  0501 the  
ro l lback control  counter ,  h Q ,  i s  se t  up in  the  manner  d iscussed in  
Example  1 .  On l ine  0502 a  negat ive  number  i s  read in to  h 7 ,  which wi l l  
be  used to  control  the  condi t ional  ca l l  regis ter  in  connect ion wi th  the  
check rout ine .  On l ine  0506 zero  i s  placed in  hj  ,  which wi l l  la ter  he  
used to  s tore  the  quant i ty  2nrr .  On l ines  0507-0510 the  quant i t ies  a 0 ,  
a , ,  b Q ,  and 5} a re  t ransferred  to  the  working regis ters  x Q ,  x ] t  x 2 ,  
and x 3 .  

I t  i s  necessary  to  comment  on  the  ca lcula t ion of  tan - 1  (x ,  /x Q ) .  The 
angle  computed by the  funct ional  rout ine  l ies  in  e i ther  the  f i rs t  or  
four th  quadrant ,  whereas  the  inverse  tangent  required  in  the  present  
ca lcula t ion should  l ie  in  the  th i rd  quadrant  in  case  x Q  and x ,  are  both  

TABLE 10 .2  

Sign 
of  XQ 

Sign 
of  x .  

Quadrant  of  angle  
computed by 

funct ional  rout ine  
Quadrant  of  

required  angle  
Change required  

in  computed 
angle  

+ 

+ 

+ 

+ 

I  
IV 
I  
IV 

I  
I I  
I I I  
IV 

none 
add rr  

subt rac t  rr  
none 

negat ive ,  and in  the  second quadrant  in  case  x Q  i s  negat ive  and x ,  i s  
pos i t ive .  The s i tua t ion may be  summarized as  shown in  Table  10.2 .  Now 
i f  s (x)  be  def ined to  take  on the  value  ±1 according to  the  s ign of  x ,  
then 

0  =  0 ' +  S ( X , ) - T T /2  -  s  (x 0 )s  ( I |  )  •  T T / 2 ,  

where  0  i s  the  required  value  of  tan" 1  (x ,  /x 0 )  and 0 '  i s  the  angle  com
puted by the  funct ional  rout ine .  The opera t ion of  mul t ip ly ing s(x)  by a  
quant i ty  i s ,  of  course ,  the  s ign-choice  opera t ion,  represented by the  
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symbol  © on the  Mark I I I  ins t ruct ional  tape  prepara t ion table .  The 
choices  and addi t ions  required  by Eq.  (4)  a re  made in  l ines  0531-0533.  

On l ine  0509 a  condi t ional  ca l l  to  the  check rout ine  i s  made.  The 
f i rs t  t ime th is  l ine  i s  executed,  h 7  conta ins  a  negat ive  number  so  the  
call fails. An automatic rollbuck is made on line 0577 in case |x5| > IT; 
th is  i s  par t icular ly  des igned to  guard  agains t  the  poss ib i l i ty  tha t  h ,  
conta ins  some mul t ip le  of  2rr ,  which might  happen i f  l ine  0506 were  not  
executed proper ly  .  The quant i ty  2nrr ,  which must  la ter  be  added to  
tan" ' (c | /c 0 )  as  previously  expla ined,  i s  computed and placed in  f t ,  on  
l ines  0578-0594,  and on the  fo l lowing l ines  p cos  cp and p s in  cp a re  
t ransferred  f rom s 0  and a ,  to  c 0  and c,  .  

Next  the  rec iprocal  of  b0 + f£>,  i s  computed and placed in  regis ters  
K 0  and i / i ,  c 0  and c i  are  placed in  regis ters  x 0  and x ,  ,  and a  posi t ive  
quant i ty  i s  t ransferred  to  the  control  regis ter  h 7 .  On l ine  0619 a  ca l l  
i s  made to  l ine  0511,  the  f i r s t  l ine  of  the  rout ine  to  compute  

(x 0  + tX,  )^0  +  ̂ l  = B 0  +  t z }  .  

This  t ime the  condi t ional  ca l l  to  l ine  0620 succeeds;  s 0  + fa ,  i s  com
pared wi th  a 0  •  fa ,  and an  automat ic  ro l lback takes  place  in  case  these  

quant i t ies  do not  agree .  
In  addi t ion  to  the  check on l ine  0505 which may be  rerun by s tar t ing  

on the  next  l ine ,  check s tops  are  coded in  the  rout ines  for  performing 
divis ion and comput ing the  e lementary  funct ions .  The checks  on these  
rout ines  should  be  rerun by s tar t ing  on the  f i r s t  l ine  of  the  rout ine  on 

vhich the  fa i lure  occurs .  
The decimal  point  i s  se t  a t  13/12,  and the  swi tch  se t t ings  are  as  

fol lows:  

SV 0  « 1  in machine column 1 
SW 1  -  Rol lback control  in  machine  column 1 
SV 2  •  0001.5707 9632 6795 (n/2)  
SV 3  = 0000.4342 9448 1903 ( log,o e )  
SW 4  -  0002.3025 8509 2994 ( log e  1°)  

SV 5  -  0000.1591 5494 3092 ( l /2n)  
SW 6  -  0006.2831 8530 7180 (2n)  

SW 7  = Check tolerance 
j  l U p  r * a r i f i r e s  o f *  " f c h o  v a r i a b l s s  

The 9e t t lnz  of  . . i tch 7 1.  determined b,  the range.  

a  and b. 
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TABLE 10 3 

Expression Line A  OP B  C  

A0 = Rollback control 0501 -SW 0 h 0  
h 7  = Check control 0502 -SW 0 *7 
Rollback control check 0503 SW 1 h o  Check 
A] - 2nrr = 0 0506 X T 0 0 0 0  •1 1 "i 

0507 "o xo 
0508 a1 *1 
0509 y  o 
0510 ' > 1  fi 
0511 x o  X x o  X 2  

0514 X, X *1 
x2 = xo + xf 0517 a  + X 2  x 2  
X3 X 1  / * 0  0518 X, + X 0  x  3  
x h  = logio <x§ + 0523 log x 2  X U  

0527 tan"' x  3  X 5  
0531 G SW 2 "o 
0532 CT + x  5  91 
0533 X 0  O 9 0  
0534 - a  + s > \  

x5 = tan"' (x,/x0) + 2nrr 0535 a  + x5 
x6 = ilog,0 (x§ + xf) 0536 3  5  X X K  x6 
x7 = log,0e [tan"' (x,/x0) + 2nrr] 0539 SV 3 X X 5 x 7  
x8 = |loge (xg + xf) 0542 SW 4 X X t  x8 

0545 v 0  X x 6  X9 
0548 - V l  + X? 

x9 = log,0 p 0549 a  + X  9  x9 
0550 y  o  X x  5  y z  
0553 V i  X x 8  

y z  =  < t >  0556 a  + y z  y z  
y  3  = P  0557 exp X 9  y  3  
y h  = cos 4> 0561 cos y z  

y 5 \ j =  sin <p 0565 r 3  y  5  
s0 = p cos 4> 0566 y  3 X u u  "0 

0569 h 7  Cond. call 
a, = p sin <J> 0570 y  3 X y  s .  "l 
Conditional call to checking, routine 0573 C C0620 

0574 SW 2 + SW 2 
Conditional call = |x5| - TT 0575 -a + + |x5| Cond. call 
Increment rollback control 0576 h o  + SW 0 "o 
Automatic rollback 0577 <7(70502 

0578 AT0012 + l 1 9 Z  
0579 y z  X SW 5 9 3  
0582 a  O 3  5  

9 3  

0583 A + fl3 
0584 a Shift by - B  2 
0589 a Shift by 9 z  

b, = 2nrr 0594 a X SW 6 "l 
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TABLE 10.3 (continued) 

Expression Line A OP B C 

0597 20 °o 

0598 Z1 
h7  '  Check control 0599 SW 0 

0600 b0 X bo 94 
0603 b i X b i 
0606 a + 94 9 4 
0607 c0 x0 

0608 C1 X, 

0609 bo + ®4 90 
l/0  * <ki • lb0  • t bi  0614 -6, 4- 94 9) 

Coapute as a check (e0 + <C|)^''° i b i )  0619 
0620 

<70511 
20 a0 

0621 + M - SW 7 Cond. call 

0622 ai - 9s 
Automatic rollback 0623 £7(70502 

0624 + 1^5 1 - SW 7 Cond. call 

0625 

Autoaatlc rollback 0626 <7(70502 
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Example 3 .  I t  i s  required to  tabulate  the funct ion y ( , x )  defined by 
the  re la t ion 

y  =  y 0  cos x y  (5)  

in  the region 0 < x 0  < 1  for  values  of  the  parameter  0  < y 0  <  1.  
There are  several  numerical  methods avai lable  for  the solut ion of  

th is  problem, of  which only one wil l  be discussed in  this  example.  By 
d i f ferent ia t ion of  Eq.  (5)  i t  may be shown that  y  sat isf ies  the dif
ferent ia l  equat ion 

yy" +  y ( y + x y ' ) 3  -  2 ( y ' ) z  =  o .  ( 6 )  

The solut ion of  th is  equat ion for  the boundary condi t ions p(0)  = y 0 ,  
y ' {0)  = 0  i s  required.  

Equat ion (6)  may be rewri t ten in  the form 

q =  ~ ( y  +  p x ) 3  +  |  

r x  I  
P  = I q d x  )  (7)  

J o  I  

r  \ y  =  I  p d x .  J 
J o  1  

When mechanical  quadrature  rules  are  used in  place of  the integrals ,  
Eqs.  (7)  form the basis  for  calculat ing the solut ion of  the different ia l  
equat ion.  In  this  example Milne 's  method wil l  be employed,  so that  
Eqs.  (7)  may be replaced by the approximate expressions 

° P  5  =  P 1  +  ( 2 < ? 2  "  9 3  +  2  Q y )  

° U 5  =  J  3  + j ( P 3  +  +  ° p 5 )  

°9 5  = 9( x5y°^5,°P5 )  

P 5  ~  P  3  + 3 ^ 3  +  +  ° q 5 )  

P  5  =  ^3 +3(b3 +  4 p u  +  p 5 )  

9 5  =  9 ( x 5 , y 5 , p 5 ) .  

In  Eqs.  (8)  the quant i t ies  y ^ ,  p . ,  and are  the values  of  y ,  p ,  and 
q Tor  x  = x t ,  where * .  +  i  -  * .  = h .  The quant i t ies  °p 5 ,  °p 5 ,  and °g 5  are  
f i r s t  a p p r o x i m a t i o n s  t o  y 5 ,  p 5 ,  a n d  q 5 .  

In  order  to  determine y 5 ,  p 5 ,  and q 5 ,  the  previous values  of  y ,  p ,  
and q appearing in  Eqs.  (8)  must  be known.  Since only y{0) ,  p(0) ,  and 
q(0)  are  known a  pr ior i ,  Eqs.  (8)  are  not  sui table  for  s tar t ing the 
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solut ion.  The method of  Runge and Kutta  wil l  be used to  obtain the 
r equired s tar t ing values .  I t  may easi ly  be shown that  y(x)  and q( .x)  are  
even funct ions,  whi le  p(x)  i s  an odd funct ion.  Some economy can be 
effected,  therefore ,  by evaluat ing y  and i t s  der ivat ives  for  x = -h ,  0,  
h,  and 2h ra ther  than for  x = 0 ,  h,  2h,  and 3h.  I f  y 0 ,  p 0 ,  and q 0  are  
the values  of  y ,  p,  and q for  x = 0 ,  then y  1  = y  (h) ,  p,  = p(h) ,  and 
5,  = q (h)  may be evaluated approximately by the fol lowing formulae:  

f j  = hp 0  

p,  =  h - q ( x 0 , y 0 , p 0 )  

f  2 = *(Po +  2 0 1  )  

0  2 "  h»g(x 0  + 2 h , y  o +  k f \ > P o  +  h .31)  

f j  <= h(p0  + 2^2)  

0 3  =  h - q ( x 0  +  2h,0 o  +  2/2/P0 +  2 0 2 )  /  

A -  Mp 0  + 03)  

01, =  h ' l ( x 0  +  h , y  o +  /31P0 +  03)  

p  j  =  3-  (0  j +  20 2  +  203 + 04)  + Po 

0 ,  = j  ( /1  + 2 /2  + 2 / 3  +  A) +  00 

0 |  =  0 ( ^ 1 > 0 1 > P l ) •  

Equations (9)  may also be employed to  calculate  02,  P2> and 02 a t* 
vancing the subscr ipts  of  x ,  0,  p ,  and 0.  

The def ining re la t ion,  Eq.  (5) ,  may be used to  check each value of  0 
as  i t  i s  bed.  I t  is  seen from Eqs.  (8)  that  i f  0 5  is  known to  be 
correct ,  then p 5  is  correct .  The value of  05,  on the other  hand,  xs  
not  checked by a  check on 0 5 ,  s ince 05 does not  enter  into the compu
tat ion of  0 5 .  The d i f ference between 05 and ° 5 5  should,  however ,  be 

small ,  and th is  fact  may be used to  check 0 5 .  _  
He errors  In  P,  and ,  - i l l ,  of  course,  depend upon the value of  

se lected .  I t  la  not  usual ly  a  s imple matter  to  make accurate  evaluat ion 
°f  the magni tude of  the error  accumulated in  the s tep by s  ep s  
nf •  A In  the present  instance i t  xs es txmated a d i f ferent ia l  equat ion.  In  me pi  „- ,Q„Q Q  „-m 
««.  r„ r  h .  0.01,  resul ts  good to  a t  least  
u  obtained.  Solut ions - i l l  W tabulated ^  

He coding for  the problem appea ^  .111 he 
»re U Sed to  set  up var ious constants  m 0  .  o.oi  Is  
seen that  p„ 1 ,  set  up with the value l .  h  _ ^  ̂  £  
subtracted from this  to  give the f i rs  va 
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and p 5  are  se t  up wi th  the  s tar t ing  values  x 0 ,  y 0 ,  and p 0  and a  ca l l  i s  
made to  l ine  1365.  The coding on l ines  1365-1386 i s  used to  evaluate  
q(x ,y ,p) .  The ca l l  on 1386 i s  hack to  l ine  1234,  s ince  th is  i s  the  
number  p laced in  a 0  •  On l ines  1234-1269 x ,  y ,  p ,  and q are  recorded 
on mechanism 1 .  

Th'e  condi t ional  ca l l  to  l ine  1387 fa i l s ,  so  the  t ransfers  on l ines  
1268-1274 are  executed next .  On l ines  1275-1359 the  values  of  y ,  p,  
and q at  x = h  are  computed according to  the  formulae  g iven in  Eqs .  (9) .  
I t  wi l l  be  not iced tha t  ca l l s  are  made to  l ine  1365 each t ime the  d i f 
ferent ia l  equat ion i s  to  be  evaluated .  Fur ther  i t  wi l l  be  remarked that  
the  resul ts  are  placed in  regis ters  x 5 ,  y 5 ,  p 5 ,  and q 5 ;  these  regis ters  
were ,  of  course ,  f reed by the  t ransfers  coded on l ines  1268-1274.  On 
l i n e  1 3 5 9  a  c a l l  i s  m a d e  t o  l i n e  1 2 3 4 ;  t h e  n e w  v a l u e s  o f  x ,  y ,  p ,  a n d  q  

a r e  r e c o r d e d  a n d  t h e  e n t i r e  R u n g e - K u t t a  p r o c e s s  i s  r e p e a t e d  f o r  x  =  2 h .  

In  th is  case  the  condi t ional  ca l l  to  l ine  1387 succeeds  and the  main  
in tegra t ion rout ine  i s  s tar ted .  

A l i s t  of  the  contents  of  cer ta in  s torage  
regis ters ,  a f ter  the  execut ion of  l ine  1387,  i s  
given in  Table  10 .4  in  order  to  c lar i fy  the  
s ta tus  of  the  problem a t  the  s tar t  of  the  main  
in tegra t ion rout ine .  Clear ly ,  a l l  the  quant i 
t ies  required  by Eqs .  (8)  a re  avai lable .  

I t  i s  convenient  to  proceed f rom one point  
of  the  in tegra t ion to  the  next  by cycl ic  permu
ta t ion  of  the  subscr ip ts  appear ing in  Eqs .  (8) .  
This  may be  accompl ished by means  of  the  i  

regis ter  of  the  ca lcula tor .  At  the  s tar t  of  
the  ca lcula t ion,  on l ines  1215-1219,  the  d ig i ts  
2 ,  3 ,  4 ,  5 ,  and 1  are  t ransferred  to  regis ters  
S) ,  z z ,  s 3 ,  s 4 ,  and s 5 .  Then i f  the  i  regis ter  
conta ins  any of  the  d ig i ts  1-5  in i t ia l ly ,  the  
l ine  of  coding s .  = i  reg .  wi l l  advance the  
i  regis ter  to  the  next  d ig i t  in  the  cycle .  

In  the  coding of  the  present  example  uni ty  
i s  read in to  regis ter  on l ine  1224,  and when 
l ine  1388 i s  executed,  th is  i s  t ransferred  to  the  i  regis ter .  On l ine  
1392 z t  i s  t ransferred  to  t 0  and thence  to  the  i  regis ter  on l ine  1394.  
Therefore  a t  th is  point  the  i  regis ter  and t 0  conta in  the  next  d ig i t  in  
the  cycle  af ter  t j  .  

On l ines  1393 and 1395,  the  quant i t ies  1388 and 1397 are  t ransferred  
to  regis ters  c 0  and c ,  .  Regis ter  c 0  conta ins  the  l ine  number  to  be  

TABLE 10.4  

Regis ter  Contents  

P z  p(-f t )  

P 3  1/(0)  

P  3 p( o )  

93 9(0)  

*4  h  

^4 J / ( f t )  

P  4 p ( h )  

94 9 (^)  

x 5  2 f t  

P  5  y ( 2 h )  

P  5 p ( 2 h )  

95 q ( 2 h )  
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cal led  for  the  automat ic  rerun on the  main  in tegra t ion tape ,  whi le  c ,  
conta ins  the  l ine  to  be  ca l led  af ter  a l l  checks  are  passed.  I t  should  
be noted tha t  l ines  1397-1404 are  the  same as  l ines  1388-1395,  except  tha t  
regis ters  t 0  and t , ,  and the  l ine  numbers  1388 and 1397 are  in terchanged.  

Equat ions  (8)  a re  evaluated  and checked by means  of  the  coding on 
l ines  1405-1499.  The two condi t ional  ca l l s  on l ines  1450 and 1459 are  
for  automat ic  ro l lback to  the  l ine  s tored in  c 0 ;  the  ca l l  on 1499 i s  to  
the  l ine  s tored in  c , .  Usual ly  th is  i s  l ine  1397 or  1388,  in  order  to  
le t  the  ca lcula tor  proceed to  the  next  point  of  the  in tegra t ion.  When 
x  = 4 .99,  however ,  the  condi t ional  ca l l  coded on l ine  1481 succeeds  and 
regis ter  c ,  i s  changed to  1220.  When l ine  1220 i s  cal led  the  value  of  
Uo i s  decreased by 0 .01 and a  new solut ion of  the  d i f ferent ia l  equat ion 
is  s tar ted .  

I t  should  now be  c lear  tha t  the  main  in tegra t ion rout ine  i s ,  in  ef fec t ,  
divided in to  two sec t ions  in  the  same fashion as  the  rout ine  of  Example  1 .  
In  the  present  case ,  however ,  dupl ica t ion of  the  main  body of  coding i s  
obvia ted  by the  use  of  the  i  regis ter  and the  l ine  number  regis ter .  

S t a r t i n g  I n s t r u c t i o n s  

1.  Decimal  point  15/ l4 .  
2 .  Mechanism 1  used for  recording.  
3 .  S tar t  l ine  1201.  

S i o i t c h  S e t t i n g s  
SV 0  = Rol lback control  in  machine  column 1  

SV 1  -  00.16 6666 6666 6667 
SW 2 •  1  in  machine  column 9  
SV 3  1  in  machine  column 9  
SV 4  *  04.99 0000 0000 0000 

Rerun Instructions 
Line Ins t ruct ions  

1228 Rol lback control  check.  Cal led  f rom l ine  1350.  Number  of  reruns  

in  t 2 .  S tar t  next  l ine .  
1240 Record check.  S tar t  l ine  1234.  
1248 Record check.  S tar t  l ine  1242.  
1257 Record check.  S tar t  l ine  1251.  
1265 Record check.  S tar t  l ine  1259.  
»W Rol lback control  chock.  Cal led  f rom 1450 or  1459.  Number  of  

reruns in t 2 .  Start next l ine.  
nun ^  TicH f rnm l ine  1450 or  1459.  Number  of  1400 Rol lback control  check.  Cal led  f rom l ine  

reruns in t 2 .  Start next l ine.  
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Rerun Instructions (continued) 

Line Instructions 

1458 Computation check. Start line 1499. 

1462 Computation check. Start line 1499. 

1469 Record check. Start line 1463. 

1477 Record check. Start line 1471. 

1489 Record check. Start line 1483. 

1497 Record check. Start line 1491. 

Code Stop 

Line 1223. End of problem. 
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TABLE 10.5 

Expression Line A  OP B  c  

Start line. y 0  »  v ( 0 , y )  1201 X T 0 1 0 0  +1 V o  
h 0  •  & X  •  A 1202 X T 0 0 0 1  +1 1 h o  
h \ * All 1203 ATTOOOl +1 h, 
P o  m  » ' ( ® »f) 1204 XTOOOO +1 1 P o  

1205 XTOOOO +1 I x o  
1206 XT0400 + I » o  

Switch 4 • maximum x  1207 SW 4 - h Q  t 3  

1208 V o  + h ,  V o  
t2 • Rollback control 1209 -10° i2 

1210 SW 1 + SW 1 
- h/3 1211 a  X  h 0  ?i3 

\ • 4h/3 1214 a  + h o  K  
1215 X T 0 0 0 2  +\ 1 *, 
1216 X T 0 0 0 3  -1 1 3  z  

1217 X T 0 0 0 4  •1 1 H 3  

1218 X T 0 0 0 5  + l  1  z  b  

1219 X T 0 0 0 1  + l  1  35  

1220 v  o  - " 1  v 0  

Snd of problem 1221 a  Stop 

1224 X T 0 0 0 1  + l  1  * 1  

1225 XTOOOS + l  1  t  reg. 

Rollback control check 1226 SW 0 - t z  Check 

1229 x 0  x 5  

1230 V o  V  5  

1231 P o  P S  

1232 AT1234 +  l  1  a o  

1233 C1365 

Record r 1234 x 5  Rec. 1 

Record y  1242 V s  Rec. 1 

1250 * 5  - h 0  Cond. call 

Record y '  1251 P 5 Rec. 1 

Record y "  1259 9 5  Rec. 1 

End of starting procedure 1267 C C 1387 
9 b  V o  

End of starting procedure 
1268 9 b  V o  

1269 P b  P 3  

1270 9 b  9 0  

1271 x s  x b  

1272 V  5  V b  

1273 P 5 P b  

1274 9  5  9 b  

f y  »  h y '  1275 h 0  
X  P b  f y  

»i •  * V ~ U . y , y ' )  1278 h 0  
X  9 b  9 y  

»i •  * V ~ U . y , y ' )  
1281 a  X  3  5  . 
1284 a  + P b  P  5  

h  -  M y '  •  J p , )  1285 a  X  

x  

h 0  

f y  

f z  

1288 3 s  
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TABLE 10. 5 (continued) 

Expression Line A OP B C 

1291 a + y 4 Us 
1292 s5 X h0 
1295 a + xu x5 
1296 XT1298 +l 1 a0 
1297 C1365 

9 2 = hy"(x+ih,y+ifi,y'+%gi) 1298 95 X h0 92 
1301 a X 3 5 
1304 a + P4 PS 

f3 - h(u +292) 1305 a X ^0 f 3 
1308 s5 X f 2 
1311 a + Uu Us 
1312 XT1314 •1 1 "0 
1313 C1365 

93 = hy"(x+ih,y+ifz,y'+igs) 1314 9 5 X *0 93 
1317 a + Pit Ps 

fit = h(y'+g3) 1318 a X h0 fit 
1321 y-t + f 3 Us 
1322 xh + hO xs 
1323 ATT1325 •1 1 ao 
1324 C1365 

1325 fit + f 3 
1326 a + f 3 
1327 a + fz 
1328 a + f 2 
1329 a + f\ 

t\y = }(fi +2/2+2/3 +A) 1330 a X sw 1 

1333 a + Pit Us 
1334 a X x5 al 

git = hy~(x+h,y+f3,y'+93) 1337 9s X h0 9u 
az - cos xy 1340 COS al a2 
a3 = yo cos xy 1344 a X 90 a3 

1347 a - 95 
1348 +|or| - SW 2 Cond. call 

Increment rollback control 1349 *2 + 10° J2 
Automatic rollback 1350 CC1224 

1351 0U + 9 3 
1352 a + 93 
1353 a + 92 
1354 0 + 92 
1355 0 + 9\ 

A y' = -5(01 +202 +2ff3+04) 1356 0 + SW 1 

1357 0 + Pit Ps 
t2 = Rollback control 1358 -10° l2 

1359 C1234 

1360 
** 

+ i>8 
1361 cr X h3 
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TABLE 10 •5 (continued) 

Expression Line A OP B c 

»t m »t-a * •«!'.«) 1364 a + ye 9i 
1365 xt X Pi 

9i 

a • y * xy' 1368 a + yi ai 
1369 pt + Pt 

ai 

1370 a -S- y • 
,,.*21 1375 a X 

* i 
pi bi 

1378 at X ai 

bi 

1381 a X a . 
i 

bt 
a0 

1384 

1385 

1386 

-a 

eoooo 

+ 

a . 
i 

bt 
a0 

9i 
LN 

y'{-x) • -y'U) 1387 

1388 
-Pb P 2 

i reg. 

Rollback control check 1389 

1392 

sv 0 ~ t2 

Zi 

Check 

*0 
1393 XT1388 + l 1 co 

1394 *0 £ reg. 

1395 AT1397 +l 1 ci 

1396 C1405 

, 1397 *0 £ reg. 

Rollback control check 1398 

1401 

SV 0 " t2 

*t 

Check 

1402 JTri397 -1 1 
°o 

1403 tl £ reg. 

1404 AT1388 +l 1 ci 

'6 * 
1405 

1406 

Pi 

si 

Pt 
t reg. 

Increnent rollback control 1407 *2 + 10° 
*2 

1408 + 9i 31 

1409 zi 
i reg. 

1410 ATT1432 + l 1 ao 

m "t-2 

'•> m "7-2 
Pt * U* 

1411 

1412 

1413 

yt 
9i 
pt 

3t 

37 

P7 
7 "l- 2 

1414 zt 
£ reg. 

°> • - »~t.2 

'• ' 2u~t-y 

'• ' *U~t-1 * "t-2 * Zu~t-3 

1415 

1416 

3 6 

9i 
+ 

37 

9t 

3s 

3g 
n 

°> • - »~t.2 

'• ' 2u~t-y 

'• ' *U~t-1 * "t-2 * Zu~t-3 
1417 

1418 

a 

gg 

+ 

+ 

3 8 

3g 

# » "  4 " i - i  +  y\-2 1419 

1420 

a 

bo 

+ 

X 

37 

Pi 

3 9 

"»' *>i.t * y't.2 
1423 

1424 

a 

xt 

+ 

+ 

P7 

h0 

Ps 
xt 

a 

xt 
Zt 

i reg. 
1425 Zt 

i reg. 

1426 ae 
X hb 
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TABLE 10 .5 (continued) 

Expression Line A OP B C 

"t " °v't 1429 a + P 6 pi 
+ ¥<2^-, " + Zyi-3} 

Xi ' Xt-l + h 1430 

1431 C1360 

x6 Xi 

1432 Bi + 9 9 
1433 a X h3 

Pi = 'P'i 1436 a + Pj Pi 

II «C 1 ro + T (°l/j + 4 j/'_] + ^~_2) 
Pi 

o II o 
s
 1437 3i "o 

1438 XT1440 H 1 ao 
1439 C1360 

1440 Xt X Mi 97 
wt = °y~ V 1443 w0 - ai "l 

1444 + |ff| - SW 3 Cond. call 
yg = cos xy 1445 COS 97 9 8 

1449 c0 LB 
Automatic rollback to line 1388 or 1397 1450 ccoooo 
y9 = Vo cos xy 1451 y 8 X 9o 9g 

1454 a - Ut di 
1455 + |cr| - SV 2 Cond. call 

Computation check \°y~ - 'j/"| 1456 "K 1 + SW 3 Check 
Automatic rollback to line 1388 or 1397 1459 ccoooo 
Computation check |j/ - y0 cos xy | 1460 - K l  + SW 2 Check 
Record x 1463 

- K l  
Xi Rec. 1 

Record y 1471 Ut Rec. 1 
1479 xi - *3 Cond. call 

tz = Rollback control 1480 
xi 

-10° 
*2 

Start new item 1481 

1482 

CCI 500 

= 1 LB 
Record y' 1483 Pt Rec. 1 
Record y~ 1491 

9i Rec. 1 
Call line 1397, 1388, or 1220 1499 coooo 

9i 

1500 XTl 220 + l 1 = i 
1501 C1482 
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Example 4. It is required to tabulate the function y(x) defined by 
the relation 

x = 166.9215.V7 _ 1 

(7^2.1)5/2 
(10) 

in the range 1 < x < 50. The solution required passes through the point 

(1, 1.0466); the value of y increases with increasing x. In order to 

demonstrate the use of the slow storage system, Eq. (10) will be solved 

by inverse interpolation. 

It may easily be shown that ^(50) = 6.3. In order to avoid the 

occurrence of numbers of excessive magnitude, Eq. (10) may be rewritten 

in the form 

x = Cyz[y(y2-l/7)~2]5 - 1 (11) 

where C - 166.9215 x 7"5/2 = 1.28755911798795. 

The problem resolves itself into two parts. The first part consists 

of the tabulation of x (y) from Eq. (11), and the second part is the 

inverse interpolation in this table to obtain y(x). The method selected 

for inverse interpolation is essentially Aitken's process. If x(y) is 
tabulated on a mesh of 0.01 in y, third order interpolation is required 

to obtain six places of decimals in y(x). The formulae are then as 

follows: 

a 2 

f 0 

f 1 

s 3 

/ 2 

=  a 1  

= 0.01 

- 0.01 -yfi-

. 0.02 

= 0.01 - 0.03 

d± 
h fo aZ = a2 

<21 f 
= fo d7 ~ d8 

dz 

y ( x )  = 3 3 - / 2  (12) 

where 

do = x0 - X 

d 1 = *1 - X 

d2 
= x2 - X 

d 3  
= x 3  - X 

du = (1 ] - <*, 

d5 
= d2 

0
 

1 

d6 = d 2, - d0 

dL y = d2 - d, 

d g = d ̂ - <2, 

dg — d 2, " d2 

and 
ai = y(

x0) 
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Here  x 0 ,  x - f  ,  x 2 ,  and.  x 3  are  tabular  values  of  x ( y ) ,  and x  i s  the  argument  
for  which y ( ,x )  i s  required .  I t  i s  assumed tha t  th is  argument  l ies  
b e t w e e n  x - \  a n d  x z .  

The coding for  the  problem i s  given in  Table  10 .6 .  Lines  2001-2100 
const i tu te  the  rout ine  to  compute  x(y )  and s tore  the  resul ts  in  s low 
s t o r a g e .  O n  l i n e  2 0 1 1 ,  0 . 8 8  i s  t r a n s f e r r e d  t o  a n  a r g u m e n t  c o u n t e r ,  y ] t  

and on the  next  l ine  a  ca l l  i s  made to  l ine  2029.  Here  0 .98 i s  read 
to  y 0 ,  -0098 i s  t ransferred  to  the  5  regis ter  and y 0  i s  t ransferred  to  
y 2 .  On l ines  2033-2060,  Eq.  (11)  i s  evaluated  and the  resul t  placed 
in  y i .  In  th is  case ,  s ince  y 2  was read to  the  i  regis ter  on l ine  2047,  
x(0 .98)  i s  placed in  yg.  The quant i ty  in  y 2  i s  incremented on l ine  2062.  
The ca l l  on l ine  2063 i s  to  l ine  2033,  s ince  th is  i s  the  number  in  c 8 .  
The l ines  2033-2063 are  repeated  wi th  the  resul t  tha t  x(0 .99)  i s  placed 
in  y 9 .  This  t ime,  however ,  the  ca l l  on l ine  2063 i s  to  l ine  2013,  s ince  
th is  i s  the  number  in  c 9  .  The two values  of  x(y )  jus t  computed are  
required  la ter  in  the  d i f ference  check.  On l ine  2013 a : (0 .98)  and x(0 .99)  
a re  t ransferred  f rom fas t  s torage  to  s low s torage  regis ters  0098 and 
0099,  respect ively .  Since  the  decimal  point  for  the  problem i s  15/ l4  
and y  i s  incremented in  s teps  of  0 .01,  the  argument  y  i s  sui table  for  
use  as  a  s low s torage  control  number  wi thout  a l tera t ion.  

On l ine  2016,  c 9  i s  changed to  2064.  On l ine  2017 the  argument  0 .90 
i s  read in to  y 0 .  This  i s  incremented by 0 .10 and the  resul t  t ransferred  
to  y - \  on l ine  2021.  Regis ter  y 0  i s  a lso  read to  y 3  on l ine  2024.  Lines  
2026-2032 are  the  same as  l ines  2018-2024 except  tha t  the  ro les  of  yg 
and y 1  are  in terchanged.  This  i s  to  provide  for  two-sect ion opera t ion as  
in  the  previous  example .  

Next  the  coding on l ines  2033-2063 i s  executed ten  t imes ,  to  s tore  the  
va lues  x( l  .00) ,x( l .01) , . . . , x ( l .09)  in  regis ters  y 0 ,y , , . . . ,  y g  .  When the  
ca l l  to  l ine  2064 i s  made,  these  quant i t ies  are  t ransferred  to  s low 
s torage  regis ters  0100,0101, . . . ,0109.  Next  the  argument  in  y 3  i s  read 
pos i t ive ly  to  the  8 regis ter  and on l ine  2078 the  t ransfer  f rom slow to  
fas t  s torage  i s  performed.  The quant i t ies  in  regis ters  y f  are  thus  
t ransferred  from s low s torage  to  regis ters  ,  whi le  the  two previously  
computed resul ts  are  t ransferred  to  ag and ag .  These  twelve  quant i t ies  
are  d i f ferenced on l ines  2081-2096;  the  values  of  x(y )  in  ag and ag are  
i n t r o d u c e d  t o  i n s u r e  c o n t i n u i t y  b e t w e e n  t h e  g r o u p s  o f  t e n  v a l u e s  o f  x ( y ) .  

I t  wi l l  be  noted tha t  d h  i s  posi t ive  in  case  the  absolute  value  of  the  
d i f ference  d 3  i s  less  than the  to lerance  of  10" 8 ,  and d 5  i s  negat ive  
s ince  y 0  = 0 .90 and y^  =1.00.  On account  of  the  choice  on l ine  2098,  
the  condi t ional  ca l l  on l ine  2100 wi l l  succeed only  i f  d u  i s  negat ive .  
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In th is  case l ine 2018 i s  cal led and an automatic  rol lback effected.  I f  
the condi t ional  cal l  fa i ls ,  l ine 2026 is  cal led,  and the next  ten values  
of  x( l / )  a re  computed,  t ransferred to  slow s torage,  and differenced.  On 
this  round d 5  is  posi t ive and the roles  of  l ines  2018 and 2026 are  inter
changed.  A remark should be made regarding the condi t ional  cal l  on 
l ine 2069.  When ct 4  is  negat ive,  which i s  the case when a  rerun is  being 
made,  the  cal l  succeeds and the reset  of  the automatic  rol lback control  
counter  t 0  is  omit ted.  

Vhen the  argument  y 2  reaches the value 6 .4 ,  the condi t ional  cal l  on 
l ine 2080 succeeds and the inverse interpolat ion rout ine is  s tar ted.  
On l ines  2102-2115 are  coded var ious prel iminary operat ions.  The numbers  
in  s low s torage regis ters  0090-0109 are  t ransferred to  fas t  s torage,  
and -p 8 ,  i .e . ,  -x( l .08) ,  i s  read into regis ter  a 0 .  Then 0100 i s  read 
into the 6 regis ter  and the contents  of  s low s torage regis ters  0100-0119 
are  t ransferred to  fas t  s torage.  On l ines  2132-2152 the numbers  in  ag 
through p3,  together  with ag,  are  differenced and an automatic  rol lback 
is  performed in  Case the absolute  value of  the  difference is  greater  

than 10" 8 .  
In  Eqs.  (12)  i t  is  assumed that  the argument  x l ies  between x ,  and 

x 2 .  The f i rs t  argument  for  which inverse interpolat ion is  to  be per
formed is  x -  1.00,  which cer ta inly l ies  between x(1.00)  and x(1.19) ,  
or in  other  words between a 0  and p 9 ;  indeed s teps  wil l  be taken to  insure 
that  the  argument  x  a lways l ies  between a ,  and p 2  and hence that  the 
quanti t ies  x 0 ,  x ,  ,  x 2 ,  x 3  of  Eqs.  (12)  a lways are  to  be found among the 
registers  a 0  through p 3 .  There remains therefore  the problem of  select ing 
the a  or  p regis ter  containing x 0 ;  th is  may be solved by using the Qp.  
code and performing a  l inear  interpolat ion from a 0  to  a 9 .  Let  

H  = ° - 0 9  (x-a 0 )  + *0,  
a9 ~Q-o 

where « 0  is  the value of  y  such that  a 0  = *(s 0+0.01) ,  and le t  

Z ]  = 0 .01 Int . ( I O O H ) ,  

"her .  the  sy.be1 Int . (100.)  denotes  the integral  par t  of  100. .  '  
is  t ransferred to  the « regis ter ,  of ,  i s  the required regis ter  eentei ,  g  

*  and the ra t io  w8 = 0.09/a 0 -a 9  are  
>0 . f  Eqs.  (12) .  The 1-ant i ty  „^e ^  ̂ ^  ̂ m d e ;  l n  the  f i rs t  

"burned on l ine .  2157-21 .  c o m p u tat ion of  the quant i ty  s ,  i s  
instance th is  i s  to  l ine 21 ry .  

coded on l ines  2180-2194.  d g  i n  a  st ra ightforward fashion and 
The evaluat ion of  Eqs.  (12)  P ^  o b s e r v e d  that  the coding on 

is  coded on l ines  2197-2290.  w  
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lines 2033-2063 is employed to evaluate Eq. (ll) for checking purposes. 
To facilitate the automatic rollback a two-section routine is used, the 
coding on lines 2291-2403 being essentially the same as the coding on 
lines 2179-2290, except that the argument registers XQ and x? are inter

changed. When the quantity (x~a-o) > which is stored in b5, becomes 

greater than 0.11 the argument x  lies between PJ and p2 • At this point 
it is possible to bring the next ten values of x{y) from slow to fast 
storage. The conditional calls on lines 2290 and 2402 are for this 
purpose. It should be noted that a, is the proper slow storage control 
number, so that the coding starting on line 2116, previously described, 
w i l l  c a u s e  t h e  t r a n s f e r  o f  t h e  r e q u i r e d  v a l u e s  o f  x { y ) .  

S t a r t i n g  I n s t r u c t i o n s  

1. Set decimal point switch to 15/14. 
2. Set up mechanism 1 for recording. 
3. Start line 2001. 

S w i t c h  S e t t i n g s  
SW 1 = 00.14 2857 1428 5714 
SW 2 = 01.28 7559 1179 8795 
SW 3 = 05.00 0000 0000 0000 
SW 4 = Rollback control in machine column 1. 

R e r u n  I n s t r u c t i o n s  

Line Instructions 

2020 Rollback control check. Called from line 2100. Number of reruns 
in t Q .  Start next line. 

2028 Rollback control check. Called from line 2101. Number of reruns 
in t0. Start next line. 

2121 Rollback control check. Called from line 2155. Number of reruns 
in t Q .  Start next line. 

2160 Rollback control check. Called from line 2267 or 2379. Number of 
reruns in t 0 .  Start next line. 

2270 Computation check. Start line 2157. 
2277 Record check. Start line 2271. 
2285 Record check. Start line 2279. 
2382 Computation check. Start line 2157. 
2389 Record check. Start line 2383. 
2397 Record check. Start line 2391. 

C o d e  S t o p  
Line 2124. End of problem. 
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TABLE 10.6 

Expression Line A  OP B  c 

2001 AT2033 -1 1 c 0 
2002 a  
2003 a  °z 
2004 c r  c3 

2005 a  
2006 a  °  5  
2007 a  c6 
2008 a  C  7 
2009 a  ° S  

2010 xr2013 + 1 1 C g  
2011 AT0088 + l 1 y  1 
2012 C2029 
2013 p/s 

2015 -10° *0 
2016 AIT2064 •1 1 c9 

2017 AT0090 -1 1 y  0 

2018 SW 4 - t o  Check 

2021 y  0  + 101 3  ki 
2022 - a  5 

2023 y  1 y  2  

2024 y  0  y 3  

2025 (72033 

2026 SV 4 - t o  Check 

2029 y ^  + 101 3  y  0 

2030 - a  5 

2031 y  0  i< 2  

2032 y  1 y 3  

2033 y  2  X y 2  w 0  

2036 a  - sw 1 ID, 

2037 w o  X SW 2 w 2  

2040 1 A T  w ,  W  3 

2044 a  X kz 

2047 kz i reg. 

2048 w h  X w u  U>5 

2051 a  X 

2054 a  X w 5  *6 

2057 a  X w z  

2060 a  - 10' 4 

C  .  L N  
2061 t  

2062 U 2  + 10' 2 kz 

2063 (700 00 
p/s 

2063 
p/s 

2064 
p/s 

2066 k3 

- d n .  

8 
Cond. 

2067 b  1 1 
2068 X70639 + l 1 * 1 

2069 (7(72076 

Start line 

"Call line" numbers 

Vl 

x(.98) and x(.99) to slow storage 
t0 • Rollback control 
c9 » "Call line" number 

>o • y  
Rollback control check 
Increment argument 
Slov storage control 

Rollback control check 
Increment argument 
Slov storage control 

»0 " V* 
»| • I,' ~ 1/7 
"j " 

• (k2 - l/7)"* 
««. • k(k2 - 1/7)"* 

», .  - 1/7)"' 

»6 • ks(k2 - l/7) "J/2 

Y (  •  <?k7(k2 - l/7) -J/2 - 1 

Increment argument 

10 values of x to slow storage 
Slov storage control 

f1 • maximum y  
Call only on reruns 
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TABLE 10.6 (continued) 

Expression Line A OP B C 

2070 

2071 
2072 

to = Rollback control 2073 
2074 
2075 

-10° 
*0 

2076 Y 2 - 11 Cond. call 
2077 Vo - Y\ d 5  

Last 20 values of x to fast storage 2078 S/F 
Commence inverse interpolation 2080 

2081 
CC2102 

"Pi 
. 

P 6 do 
/ 2082 a + o 

C
C
L
 

1 2083 a + P2 

I 2084 a + Ps 

1 2085 a + 
?7 d, 

J 
2086 -a9 - Ps d2 

J 2087 d, + d 1  
Difference last 12 values of i \ 2088 Difference last 12 values of i \ 2088 a + d }  

1 2089 a + do 1 2090 a + d 2  

I 2091 a X SV 3 
2094 a + d 2  

1 2095 a + 
a8 

\ 2096 a + P9 d3 

2097 -|a| + 106 

• 2098 a O d5 Cond. call 
Increment rollback control 2099 

2100 
2101 

£o 

CC2018 
C2026 

+ 10° 
*0 

Slow storage control 2102 XT0090 + l 1 5 
zj = Slow storage control number 2103 10'" 

*1 

Xj = X 2104 a - 10' 2 

t0 = Rollback control 2105 -10° to 
i0 = "Call line" number 2106 AT2179 +1 b0 

= Shift control number 2107 Xf0013 +1 "] 

i2 = Shift control number 2108 XT0012 + j bz 
i3 = maximum x 2109 XT5000 +1 B3 
b^ = 0.09 2110 XT0009 +1 BU 

2111 XT0011 +1 B5 
2112 XT0000 +1 AH 
2113 

First 12 values of x to fast storage 

zg = Zi 
2114 
2116 21 

S/F. 
ZB 

2117 + 1^1 - 106 Cond. call 
Slow storage control 2118 

*8 8 
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TABLE 10.6 (continued) 

Expression Line A  OP B  C  

2119 SV 4 _ t 0  Check 

2122 b 3  - x 0  Stop 

2125 CC2130 
2126 

2127 -Pd a0 

2128 

2129 

2130 S/P 

2132 -a3 - Po a, 
2133 a + Ct2 

2134 0* + 

2135 a + a9 

2136 a  + Pi CI 2 

2137 -a, - a5 

2138 a  - Ps a3 

2139 a  - ag 
2140 a  + 

2141 a  + a 2  

2142 a  + a2 

2143 a  + a, 
2144 a  X SV 3 

2147 a  + a0 

2148 a  + a3 

2149 a  + Co 

2150 a  + <*6 
2151 a  + a7 

2152 a  + 03 a4 

2153 + |a| - 106 Cond. 

2154 *0 
+ 10° 

4o 

2155 (7(72116 

2156 
-10° t o  

2157 a9 - ao W g  

2158 SW 4 - t o  Check 

2161 4 IDg w s  

2166 z 8 shift t>y -6, 

2171 a shift hy 

2176 o  - 101 2 20 
L N  

2177 0 
2178 (700 00 

10'2 
2179 X ]  + 10'2 x 0  

2180 a  - a0 

2181 a  X w 8  b 6  

2184 o  + z O  

2185 o  shift hy ~ b 2  

2190 a  shift fcy b 2  

Rollback control check 

aid of problem 

20 values of x  to fast storage 

Difference 14 values of x  

Increment rollback control 
Automatic rollback 
*0 " Rollback control 

Rollback control check 
• 09 

W a • ———— 
a9 - a0 

*o • 0.1 Int.(10 Sg) - 0.01 

Increment argument 

• »g(* - do) 

«i • 0.01 Int.[100(&6 + 
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TABLE 10.6 (continued) 

Line A OP B C 

2195 a 2 reg 
2196 S1 + 1012 *1 
2197 a p£ - x0 d0 
2198 2 reg 

2199 + 101 2 2) 
2200 - xo d, 
2201 ti 1 reg 
2202 d, - dO du 
2203 aPi - xo d2 
2204 *1 + 10'2 i reg 
2205 d2 - dO d5 

2206 d 2 - d, d7 
2207 aP£ - x0 d3 
2208 cr - d0 d6 
2209 d3 - d, d g 

2210 d3 - dz d g 
2211 d0 X 101 2 e0 
2214 a d4 8) 
2219 -cr + *1 *2 
2220 eo + 

e0 «Z 

2221 a d5 
2226 -a + ei fo 
2227 e 0 + e 2 
2228 a -f" <26 

2233 -a + e' /I 

2234 di 4- df 

2239 a X f 0 83 

2242 -a + 32 83 
2243 di -J- d8 

2248 a X f l 
2251 -a + e 3 fz 
2252 dz -f dg 
2257 a X Tz 
2260 -cr + «3 i reg. 
2261 a uz 
2262 XT2264 + 1 1 Oy 
2263 C2033 

I 

2264 XQ - ho 
2265 + |d I - 10s Cond. 
2266 tO + M

 
O
 
O
 

to 

2267 CC2157 

2268 - Uo 1 + 

to o 
•
H
 Check 

2271 xo Rec. 1 
2279 U2 Rec. 1 
2287 - b 5 Cond. 

Expression 

t] = t register control 

Increment rollback control 

Automatic rollback 

Computation check 

Record x 

Record y 
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TABLE 10 .6 (continued) 

Expression Line A OP B (7 

t0 » Rollback control 2288 -10° 
tO 

2289 XT2291 + l 1 b0 
Conditional call to s/F transfer routine 2290 CC2116 

Increment argument 2291 x0 
+ 10'2 X, 

2292 a - a0 
bs • u>g(x - a0) 2293 a X Wg »6 

2296 a + so 
2297 a shift fcy ~b2 

s, - 0.01 Int. [I00(b6 + b0)] 2302 a shift t>y b2 z  1 

2307 CT i reg. 

t| • t register control 2308 »i + . 1012 41 

2309 - X, d 0  

2310 *1 t reg. 

2311 + 10'2 *1 

2312 aPi - X, d, 

2313 i reg. 

2314 d, - d0 dh 

2315 - X, d 2  

2316 t, + 1012 £ reg. 

2317 d 2 - <*o d 5  

t 

2318 d 2 - d, d y 

2319 - X, d 3 

2320 a - d 0  <*6 

2321 d 3  - d, dg 

2322 d3 - d 2 d g 

2323 d 0  
X 1012 ®0 

2326 O + el 

2331 -a + 3 2 

2332 e  0 
+ e0 

e 2 

2333 a + d 5  

2338 -a + el f 0 

2339 eo + e2 

2340 a + <*6 

2345 -a + ei f\ 

2346 d, -5- d y 

2351 o X /o e3 

2354 -a + s2 23 

2355 d, -5" d 8 

2360 a X /l 

2363 -CT + e 3 / 2 

2364 d 2 
+ d g 

2369 a X / 2 

2372 -cr + 2 3  £ reg. 

2373 a yz 

2374 jST2376 + 1 1 1 
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TABLE 10.6 (continued) 

Expression Line OP 

Increment rollback control 

Automatic rollback 

Computation check 

Record x 

Record y 

t0 = Rollback control 

Conditional call to S/F transfer routine 

2375 (720 3 3 

2376 *1 - h0 
2377 + |a| - 108 Cond. call 

2378 tO + 10° 
4o 

2379 CC2157 

2380 -hoi + 108 Check 

2383 *1 Rec. 1 

2391 y 2 Rec. 1 

2399 b6 - *5 Cond. call 

2400 -10° 
to 

2401 AT2179 -1 1 bo 
2402 (7(72116 

2403 (72179 



APPENDIX I 

CONSTANTS IN FAST STORAGE 

Channel and 
Number Time Constant 

01 0 1825 7260 0000 0000 
1 1490 6830 0000 0000 
2 1154 6390 0000 0000 
3 0894 4100 0000 0000 
4 0730 2900 0000 0000 
5 0577 3200 0000 0000 
6 0447 2050 0000 0000 
7 0365 1450 0000 0000 
8 0288 6600 0000 0000 
9 0223 6020 0000 0000 

02 0 0829 8760 0000 0000 
1 0552 1050 0000 0000 
2 0329 8970 0000 0000 
3 0198 7580 0000 0000 
4 0132 7800 0000 0000 
5 0082 4740 0000 0000 
6 0049 6890 0000 0000 
7 0033 1950 0000 0000 
8 0020 6190 0000 0000 
9 0012 4220 0000 0000 

03 0 1433 4100 0000 0000 
1 1295 3420 0000 0000 
2 1140 2340 0000 0000 
3 1003 3670 0000 0000 
4 0906 5680 0000 0000 
5 0806 2670 0000 0000 
6 0709 4880 0000 0000 
7 0641 0410 0000 0000 
8 0570 1170 0000 0000 
9 0501 6840 0000 0000 

04 0 0434 9670 0000 0000 
1 0320 4990 0000 0000 
2 0217 9330 0000 0000 
3 0148 9540 0000 0000 
4 0110 0390 0000 0000 
5 0077 0510 0000 0000 
6 0052 6630 0000 0000 
7 0038 9050 0000 0000 
8 0027 2420 0000 0000 
9 0018 6190 0000 0000 

Channel and 
Number Time Constant 

05 0 0909 0909 0909 0909 
1 0740 7407 4074 0741 
2 0571 4285 7142 8571 
3 0444 4444 4444 4444 
4 0363 6363 6363 6364 
5 0285 7142 8571 4286 
6 0222 2222 2222 2222 
7 0181 8181 8181 8182 
8 0142 8571 4285 7143 
9 0111 1111 1111 1111 

06 0 0041 3926 8515 8226 
1 0130 3337 6849 5007 
2 0243 0380 4868 6295 
3 0352 1825 1811 1363 
4 0439 3326 9383 0264 
5 0544 0680 4435 0277 
6 0653 2125 1377 5345 
7 0740 3626 8949 4245 
8 0845 0980 4001 4258 
9 0954 2425 0943 9326 

07 0 1000 0000 0000 0000 
1 1258 9254 1179 4167 
2 1584 8931 9246 1113 
3 1995 2623 1496 8880 
4 2511 8864 3150 9580 
5 3162 2776 6016 8379 
6 3981 0717 0553 4973 
7 5011 8723 3627 2723 
8 6309 5734 4480 1932 
9 7943 2823 4724 2815 

08 0 0000 0278 3841 6808 
1 0000 1970 7478 5410 
2 0001 3892 0356 4614 
3 0008 3332 9037 0962 
4 0041 6666 7010 5326 
5 0166 6666 6651 2241 
6 0500 0000 0000 3472 
7 0999 9999 9999 9970 
8 not used 
9 0023 0258 5092 9940 
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Channel and 
Number Time Constant 

09 0 0210 0000 0000 0000 
1 0666 6666 6666 6667 
2 1500 0000 0000 0000 
3 4761 9047 6190 4762 
4 0066 8063 4779 3420 
5 -0090 2592 1742 5174 
6 0111 0895 3771 6742 
7 -0142 8567 5706 1678 
8 0199 9999 9644 7985 
9 -0333 3333 3331 8890 

10 0 0206 9921 9421 9821 
1 0588 0026 0354 7568 
2 0982 7937 2324 7329 
3 1363 8041 3257 5076 
4 0999 9999 9999 9983 
5 
6 ) 

0301 0299 9566 3981 

• I  not used 

11 0 0500 0000 0000 0000 
1 1500 0000 0000 0000 
2 2000 0000 0000 0000 
3 0316 2277 6601 6838 
4 not used 
5 0000 5000 0000 0000 
6 0001 5000 0000 0000 
7 5000 0000 0000 0000 
8 0000 0000 0000 0050 
9 0041 7776 6467 8944 

Channel and 
Number Time Constant 

12 0 -0045 7221 5941 9618 
1 0048 1956 5283 9172 
2 -0054 2335 5326 0322 
3 0062 0427 9940 3830 
4 -0072 3829 8068 4856 
5 0086 8588 9201 4708 
6 -0108 5736 1775 2932 
7 0144 7648 2731 2253 
8 -0217 1472 4095 6402 
9 0434 2944 8190 3244 

13 0 0000 0000 0206 3047 
1 -0000 0002 7555 2341 
2 0000 0248 0157 8540 
3 -0001 3888 8888 6998 
4 0041 6666 6666 6472 
5 -0499 9999 9999 9993 
6 1591 5494 3091 8953 
7 0157 0796 3267 9490 
8 0785 3981 6339 7448 
9 not used 

14 0-9 not used 

15 0-9 not used 



APPENDIX II 

LIST OF CODES 

A Sign A Channel A No. Time Operation 

positive 0 null 00 0 0 null 0 
pos. abs. 1 A 01 1 1 add 1 
neg. abs. 2 HRO 02 2 2 multiply 2 
negative 3 LRO 03 3 3 double-accuracy 3 

4 4 add 4 
SRO 05 5 5 sign choice 5 
16/15 06 6 6 identity check 6 
count zeros 07 7 7 S/F,F/S transfer 7 
a0 08 8 8 check 8 a0 08 

9 9 stop 9 
channel IA 10 

1 11 i 2* 
2 12 

select 3 13 null 4* 
tape 4 14 
mech. 5 15 

6 16 
7 17 
8 18 

channel a 20 
b 21 
c 22 
d 23 
e 24 
f 25 
0 26 
h 27 
p 28 
q 29 
r 30 
3 31 
t 32 
u 33 
v 34 
w 35 
x 36 
V 37 
z 38 
y 39 
a 03* 
ft 04* 

sw. 05* 
zeros I5* 

code digit: 1 2 

weight: 1 2 

3 4 5 6 7 8 

1 2 1 2 4 2 *  

9 10 11 12 

1 2 4 2* 

13 14 15 16 

1 2 4 2* 
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B Sign B Channel B No. Time C Channel C No. Time 

positive 0 null 00 0 0 null 00 0 0 
pos. abs. 1 01 1 1 1 1 
neg. abs. 2 02 2 2 2 2 
negative 3 03 3 3 3 3 negative 3 

04 4 4 4 4 
05 5 5 5 5 

constants 06 6 6 6 6 
See 07 7 7 7 7 
Appendix I 08 8 8 8 8 

09 9 9 9 9 
10 
11 i  2* i  2* 
12 function 3* 

null 13 null 4* null 4* 
14 
15 

of 16 powers of 17 10 See 1 A 
Table 3 .3 JL O 

19 
channel a  20 channel a  20 

b  21 b  21 
o  22 c  22 
d  23 d  23 
e  24 e  24 
f  25 f  25 
9  26 9  26 
h 27 h 27 
P 28 P 28 
9 29 9 29 
r  30 r  30 
s  31 3 31 
t  32 t  32 
u 33 u 33 
V 34 V 34 
u> 35 w 35 
X 36 X 36 
y  37 y  37 
z  38 2 38 
y  39 y  39 

i b  02* I  a  and I b  02* 
a 03* function reg. 03* 
P 04* line no. reg. 04* 
sw. 05* cond. call reg. 05* 

call 07* 6 reg. 06* 
10l 12* t  reg. 15* 
Norm,  C .  N .  13* check-stop reg. 16* 
cond. call 17* 

check-stop reg. 

XT 27* 

17 18 19 2021 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

1 2 12 1 2 4 2* 1 2 4 2* 12 12 4 2* 1 2 4 2* 
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a and (3 storage channels, 24-26, 
30,70,72,80-81,84,204-5,231 

a(3j code, 84,205,231,299 

A codes, 35,74,76,87,105,189,197, 
202-5,233-34,243 255 
(see Appendix II) 

aft, 84,205,231,299 
i number time, 82 
normalize, 88,112 
record zeros, 87,98,202-3,249, 
255 

0, 28,87-89,231 
shift read-out, 85 
special product read-outs, 85, 
105-6,112 

tape read-record mechanism 
selection, 159,196 

transfer sign, 89 

Adder, 26,28,29,90-91,96,204 
special use in high-accuracy 
addition, 99 

static add circuit, 93-95,102 
translation circuit, 94,95 

Addition, 26,93-99,202,233 
double-accuracy, 29,95,97,98, 
234,255 

exceeding machine capacity, 40, 
97 

high-accuracy, 99 

Aitken's process, 297 

Alarm bell, 40,210,215 

Alarms, 40 
check, stop, 206 
exceed-capacity, 97 
gear box lubrication system, 62 
identity check, 206 
printer, 177,184 
tape read-record, 155,164 

Amplifiers 
beam power, 41,47 
class A, 41,46,58,59,74 

Arc tangent, 21,31,125-27,250,284 
check, 129 
coding, 139-41 
constants required in compu

tation, 126 

Argument control printing, 170, 
187-88 

Arithmetic units, 10 
(see Chapter IV)(see also 
Adder and Multiply unit) 

Automatic rollback, 128,131"41 > 
274-75,277,284-85,291,299,300 

B codes, 35,74-76,105,189,197, 
202-5,233-34,243.255 
(see Appendix II; 

call, 202 
channel Ij>, 196 
conditional call, 202,207 
external transfer, 39,88,202-3 
205,207,231,258 

function number time, 130 
i number time, 82 
normalize control number, 88, 
112 

record zeros, 88,234,249 
shift number, 85 
transfer sign, 89 

Bearings, 40,62,64 

Binary number system, 8 

Brackets, pole piece, 1,64,65 
constant storage, 67,69 
fast storage, 70,71 
slow storage, 6,78 

Busses, 10 
A, 70,74,76,88,157 
B, 21,70,74-76,157 
C, 21,24,32,34,39,70,72,76,79, 
82,87,88,91,130,156-57,202, 
206-7,236,238,239,243 

Cables, 41,44 

Call command, 127,189,201,207,231 
290,298 

Cam unit, 170,175,209-10,220,264 

Carriage return, 176,184,187 

Carry 
end-around, 26,96,98-99 
in adder, 93-94,96 
in multiply unit, 107-9,111 
round-off, 112 

Cathode followers, 41,46-48,51,54 
58-60,74 

C codes, 35,76,82,189,197,202,205 
243,255,258 (see Appendix II 

check-stop, 206 
conditional call register, 207 
8 register, 79 
function sensing register, 130 
i number time, 82 
i register, 82 
line number register, 207 
tape read-record channels, 72, 
159,196 

Chassis, 11,13,41-43 
playback, 58 
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Cha s sis—c ontinued 
record, 61 
socket numbers on, 46 

Check-stop register, 32,189,206, 
211,238,274 

Clutch, magnetic, 142-43,154-55 
Coding 

function, 131-41 
problem, 278-82,286-87,293-96, 

301-6 
Coding systems 

2*421, 7,8 
binary number system, 8 
non-decimal digits, 35-36 

Component containers, 41,45,50 
Conditional call command, 39,189, 

207,231,272,275,285,290-91, 
298-300 

Conditional call register, 39, 
206-7,213,231,236,275,284 

Constant channels, 21,31,32,67,70, 
119-27,205 (see Appendix I) 

Constant register channel, 21, 
72-74,204-5,231,268 

Control pyramids, 189,196-97, 
201-5,217-18 

Cosine, 21,31,123-25,127,250 
check, 129 
coding, 137-39 
constants required in compu

tation, 124-25 
Crystal rectifier gates, 45,49-51, 

74-76,109 
Cycling pulses, 66,68 

in adder, 96 
in line number register, 207, 

213 
in multiplier, 106-111 
in sequencing, 38,189,192,194 

5 register, 24,26,77-82,84,236-37, 
298 

Decimal point, 8,29,235,268 
in function computation, 127-28 
in multiplier, 102,104-6,112 
in printing, 170,176,270 

Digit time, 9 
ring, 54-56,65 

Diodes 
crystal rectifier, 49,50 
in playback unit, 58 
vacuum-tube, 46 

Dipole, magnetic, 1,4,7,33 
Division, 32,38,127,234 

check, 128 

Division—continued 
coding, 131-32 

Drum phase, 10,105,107,203-5 

Elementary functions 
(see Functions) 

End-around carry, 26,28,96,98,99 
End-of-page control, 187-88,270-71 
Examples of coding, 273,283,288, 

297 (see also Functions) 
Exponential function, 21,31,122-23, 

127,250 
check, 128 
coding, 135-37 
constants required in compu

tation, 122 
evaluation of complex, 283-87 

External transfer command, 39,88, 
202-3,205,207,231,258 

Fast-slow storage transfers, 
24-26,30,70,80-82,298 

Fast storage channels, 9,10,21,30, 
70,74,76,82,231,273-306 

Feed command, 235-36,252 
Feed read-out command, 235-36, 

276-77 
Floor plan, 11,12 
Functions, 21,29,31-32,67,272,285 

(see Chapter V) 
coding of, 126-41 
decimal point, 127-28 
on instructional tape prepa

ration table, 233,250,255 
starting lines on drum, 233 

Function sensing register, 32,67, 
119-20,129-30,189,205 

y channel, 24-25,70,72 
Gates (see Crystal rectifier gates 

and Vacuum-tube gates) 
Gear box, 40,62,63 

Ia and I channels (see Tape read-
record channels) 

Identity check circuit, 32 ,40 ,166, 
206,212,234,277 

Input-output devices (see 
Chapter VI) (see a l s o  Tape 
read-record mechanisms, 
Numerical tape preparation 
table, and Printers) 

Instructional storage drum, 11,14; 
32,36-39,189-92,198,233-34. 
258,267 (see Storage drums) 

recording on, 218-23 
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Instructional tape preparation 
table, 9,11,20,28-32,36-39, 
94,97-98,105,273 
(see Chapter VIII) 

function computation, 126-27, 
233,250,255 

instructional tape, 36,38,252, 
258,261-62,265 

keyboard, 229-43 
lights, 229,244,246,253,265 
line number accumulator, 237, 
244-45,253,258 

operation, 264-66 
organization, 243-58 
printing circuits, 262-63,265 
record and playback circuits, 
258-60 

rings, 256-60 
step switches, 237,243-44, 
247-48,250-58,260-63 

strip switches, 229,236-37, 
239-42,246 

timing diagram, 257,260 

Instructional tapes, 36,38,215, 
223-26,229,252,258,261-62, 
265,267 

Interpolation, 24-26,30,250,297 

i number time, 30,82,231 

Inverters, 46-47,58-60 

i register, 30,82-83,189,236, 
290-91,298 

a,p selection, 84,205 
computation of arc tangent, 126 
computation of exponential, 122 
normalization, 233 
number time selection, 82,204, 
231 

shifting operation, 31,67,85, 
234 

Keyboard of instructional tape 
preparation table, 36-37 

fast storage registers, 231 
functions, 232-33 
general description, 229-31 
operations, 233-34 
special A registers, 231 
special B registers, 234_3° 
special C registers, 236-43 

Lights, 39 
check,stop, 32,206,239,26 
conditional call, 207 
for instructional taP® p£®£a" 
ration table, 229,244, , 
253,265 . . „ 

for numerical tape Preparation 
table, 33,145-46,151,266 

for printer, 178,270 
for tape read-record system, 
155-56 

Lights—continued 
identity check, 206 
last-mechanism-used, 159,162, 
167 

line number and code, 189,193, 
199-200,210,212,215,218,223, 
228,269 

stop and jo, 196,269 
tape circuits reset, 223,267 
transfer channel, 26,91-93,268 
tubes used to operate, 41,47 
wait, 196 

Lights pushbutton, 208,218 
Line number, 36-39,189,192-93,197, 

199,200 
in function computation, 233, 
251 

lights, 189,193,199-200,210, 
212,215,218,223,228,269 

Line number accumulator, 237, 
244-46,253,258,265 

Line number register, 38-39,127, 
189,197-98,200,207,213-14, 
231,236,291 

Logarithm, 21,31-32,118-19,121,127, 
250 

check, 128 
coding, 134-35 
constants required in compu

tation, 121-22 , 

Magnetic cam unit, 148,150,260-61 

Magnetic clutch, 142-43,154-55 

Magnetic dipole, 1,4,7,33 
Magnetic recording technique, 1,4, 

7,33,142 
Magnetic tape, 11,33 

arrangement of sequence digits 
on, 36,38,252,258 

instructional, 261-62,265 
numerical, 142-45,147,167, 
266-67,274,276-77 

Main control panel, 27,39,40,92, 
196-97,207-28,267 

Mark II Calculator, 41,170 
Matching circuit, 38,189-90, 

193-94,197-201,207,211,215, 
218,221,228 

Milne's method, 288 

Motors, 40,264 
instructional storage drum, 190 
numerical storage drum, 1,62, 
190 

tape read-record mechanism, 
155,266-68 

Multiplicand (MC) channel, 101 
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Multiplication, 28-29,100-12,197, 
234-35,250 

double-accuracy, 29 
shift, 85 
timing, 107 

Multiplier (MP) channel, 101,109 

Multiply unit, 8,100-12 
decimal point, 102,104-6 
input translation circuit, 
101-2 

MC channel, 101 
MP channel, 101,109 
PP channel, 102,104 
special product read-outs, 85, 
105-6,112,235 

static add circuit, 102 
static multiply circuit, 101-3 

Newton-Raphson formula, 115 

Non-decimal digits, 35-36,76,263 

Non-zero sensing circuit, 176, 
184-85 

Normalization, 31,112-14, 233-34 
control numbers, 88,233,234 
in function computation, 130 

Number time, 9,10,55 
control pyramid, 202-3 
gates to transfer channels, 86, 
88,130,204,209 

t, 30,82,231 
multiply, 107 
pushbutton selection, 72,74 
ring, 65-67 
selected by function sensing 
register, 119-20,130,205 

Numerical storage drums, 1-3,8-11, 
21,24,62,65 
(see also Storage drums) 

motor, 62,190,264 
phase of, 105,107,203,205 

Numerical tape preparation table, 
11,19,33-34,142-51,264,266-67 

Operate pushbutton, 208,215,217-18 

Operation-codes, 35,112,189,197, 
255 (see Appendix II) 

associated with adder, 94-95, 
249,255 

check, stop, 206,251 
control pyramid, 201-2 
for double-accuracy addition, 
98-99 

for identity check, 206 
for multiplication, 105-6,250 
for sign-choice operation, 99 
for slow-fast storage transfer, 

81 

Partial product (PP) channel, 102, 
104 

Pillow block and stub shafts, 64 

Playback unit, 4,21,61,74 
circuit, 57-59 
for MP channel, 109 
for slow storage channels, 80 
printer, 178,180 
sequence, 190-94,200 
tape read-record system, 165 
wave forms, 4,7,58-59 

Pole piece brackets, 1,64,65 
constant storage, 67,69 
fast storage, 70,71 
slow storage, 6,78 

Pole pieces 
a,P,y channels, 70,72 
A and B transfer channels, 87 
C transfer channel, 91 
channels Ia and Ib, 157 
constant channels, 21,67,70 
construction, 1,4,5,61,65 
fast storage channels, 9,10,21, 
49,70,74-76,78 

instructional storage drum, 36, 
191,220 

multiplier channels, 29,101, 
104-5 

slow storage channels, 24,61,78 

Pole pieces, tape, 33,142 
instructional tape preparation 

table, 253 
printer, 178 

Power supplies, 11,18,177,264,269 

Printer, 34,167-88 
alarms, 177,184 
argument control, 170,187-88 
check circuits, 183-84 
control panel, 11,16,170,174 
end-of-page control, 187-88 
for instructional tape prepa

ration table, 262-63,265 
lights, 178,270 
non-zero sensing circuit, 176, 
184-85 

operation, 269-71 
playback unit, 178,180 
plugging, 170,182,188,270 
pole pieces, 178 
print and check relays, 180-84 
ring, 180 
step switches, 170,176,180-88 
tape mechanism, 171 
timing diagram, 179 
toggle switches, 170,176-78,180, 

187,270-71 

Problem preparation 
(see Chapter X) 

Product read-out, 105-6,109,112,235 
in shift operation, 85,233 

Product sign, 29,89,91,99,109-12 
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Pulse playback unit, 59-61,65 

Pushbuttons 
A,B,C (lights) 91 
check (lights) 91-92 
number-ttme, 72,74 
numerical tape preparation 
table, 144-46 

off (lights) 93 
printer, 178 
read-in, 72 
read-out, 92 
sequencing, 196,208-28 
tape read-record system, 155 

Bead last line to ltghts push
button, 208,212,269 

Read specified line to lights 
pushbutton, 208,215,269 

Reciprocal, 21,31,32,115-17 
(see also Division) 

first approximation constants, 
120 

Reciprocal square root, 21,31, 
117-18,127,250 

check, 128 
coding, 132-33 
first approximation constants, 

121 

Recording technique, magnetic, 1, 
4,7,33,142 

Record match relays, 198,208,218, 
220,228 

Record unit, 7,21 
a and p, 80-81 
circuit, 60-61 
instructional storage drum, 221 
slow storage, 80-81 
tape read-record system, 162 
wave forms, 7,58 

Record zeros 
on A transfer channel, 87,98, 
202-3,249 

on B transfer channel, 88,234, 
249 

Regeneration 
on Channels Ia and Ip, 34,157, 
239 

on transfer channels, 11,87-88, 
96 

Registers _ 
check-stop, 32,189,206,211,238 
conditional call, 39,206-7,213,  
236,275,284 ^ o_ 

constant storage, 31-32,120 2 ,  
Appendix I 

6, 24,77-82,84,236,298 
function sensing, 32,119-20, 
129-30,189,205 

Registers—continued 
i, 30-31,82-85,122,126,189, 
204-5,231,233-34,236,290-91, 
298 

line number, 38,39,127,189, 
197-98,200,207,213-14,236,291 

select line number, 197,269 
start line number, 197,200, 
211-12,215,268-69 

stop line number, 197,200-1,268 

Relays, 41,47 
controlling line number and 
code lights, 193,210,212,218, 
223 

instructional storage channel 
selection, 197-98,201,221 

line number and code storage, 
38,197,200,210,212,215,223, 
225,227-28 

print and check, 180-84 
record match, 198,208,218,220, 
228 

slow storage selection, 79-81 
start match, 198,201,211 
stop match, 198,200-1 

Repeat toggle switch, 208-9,217-18 

Rerun procedures, 276,291,300 
Reset sequence tape input circuits 

pushbutton, 223 

Rings 
circuits, 52-56 
digit-time, 54-56,65 
instructional tape playback 
circuit, 225-26,228 

instructional tape preparation 
table, 256-60 

multiply unit, 106 
number-time, 65-67 
numerical tape preparation 
table, 149,151 

odd-even, 66-67 
printer, 180 
tape read-record system, 158, 
161-63,165-67 

zero-counting circuit, 112-14 

Round-off, 30,112 
Runge-Kutta method, 289-90 
Run next line and stop pushbutton, 

208,211-12,269 
Run specified line and stop push

button, 208,212,269 

a command, 28,87-89,231 

Select line number register, 197, 
269 

Sequence code digits, 201 (see A, 
B, C, and Operation-codes) 
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Sequence code digits—continued 
allocation of, 35 
drum storage of, 36 
transfer from tape to drum, 38, 
267 

Sequencing, 35-40,272 
(see Chapter VII) 

cycling circuits, 192-98,200-1 
cycling pulses, 38,189 
manual controls, 189,207-28 
playback units, 190-94,200 
wait signal, 156,189,196-97,201 

Serial numbers on instructional 
storage drum, 36,38,189-90, 
192 

Shifting operation, 31,67,76,85, 
112,234 

in function computation, 120, 
128 

product read-out, 85,233 

Sign 
A and B , 89 
in check-stop register, 206 
in conditional call register, 
39,206-7 

in double-accuracy addition, 98 
in shifting operation, 31,85 
in slow-fast storage transfer, 

80-81 
sum, 28,96-97,99 

Sign-choice operation, 30,91,95, 
99,234,284 

Slow-fast storage transfers, 
24-26,30,70,80-82,237,298 

Slow storage channels, 21,24, 
79-81,237,297-99 

Start controls, 39,40,201 

Start line number register, 197, 
200,211-12,215,268-69 

Starting lines for function 
routines, 127,233 

Starting procedures, 267-68,276, 
291,300 

Start match relays, 198,211 

Start next line pushbutton, 208, 
210-12 

Start specified line pushbutton, 
208,211,268 

Static add circuit, 93-95 
used in multiplier, 102 

Static multiply circuit, 101-3 

Step switches 
associated with read-out 
lights, 92-93 

for constant register channel, 
72-73 

Step switches—continued 
instructional tape preparation 
table, 237,243-44,247-48, 
250-58,260-63 

numerical tape preparation 
table, 145-47,149,151 

printer, 170,176,180-88 
tube used to operate, 41,47 
used with main control panel, 
208-28 

Stop controls, 39,40,269 
code, 206,276-77,292,300 
on specified line, 200-1,215, 
268 

pushbutton, 215 

Stop line number register, 197, 
200,201,268 

Stop match relays, 198,200-1 

Stop specified line toggle switch, 
198,200-1,215,268-69 

Storage channels, 67.81 
(see Appendix I) 

a and p, 24-26,30,70,72,80-81, 
84,204-5,231 

constant, 21,31,32,67,70, 
120-27,205 

constant register, 21,72-74, 
204-5,231,268 

fast, 9,10,21,30,70,74,76,82, 
231,273-306 

for shift operation, 85,234 
y, 24,25,70,72 
instructional, 36,190,192, 
197-98 

location of, 65 
slow, 21,24,79-81,237,297-99 
tape read-record \la and Xv) 
34,72,156-62,165-67,236,239 

Storage drums, 1,7,11,65,190-91, 
264,266 (see Instructional 
storage drum and Numerical 
storage drums) 

Storage system, 1-3,8-10,21-26, 
117,119,272 (see Chapter III) 

Strip switches 
constant register, 21,72-73 
decimal point, 104-6 
instructional tape preparation 
table, 229,236-37,239-42,246 

numerical tape preparation 
table, 144,148 

Subtraction, 26,28,94,233 

Sum sign, 28,96,97,99 

Switches, toggle 
numerical tape preparation 
table, 145,151 

printer, 170,176-78,180,187, 
270-71 

repeat, 208-9,217-8 
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Switches, toggle—continued 
atop specified line, 198,200-1, 
215,268-69 

tape read-record mechanisms, 
154-55,162,164,267-68 

tape to drum, continuous, 
208-9,228,267 

Tape, magnetic, 11,33 
arrangement of sequence digits 
on, 36,38,252,258 

instructional, 261-62,265 
numerical, 142-45,147,167, 
266-67,274,276-77 

Tape read-record channels (Ta,Ib) 
72,156-62,165-67,204-5,236, 
239 

Tape read-record mechanisms, 11, 
15,33-34,40,142,151-56,159, 
267-68 

Tape read-record operation, 34, 
159-67,239 

check, 163-64,167 
feed read-out, 235-36 

Tape read-record system 
busy signal, 162,196 
channels Ia and Ib, 72,156-62, 
165-67,204-5,236,239 

failure, 40 
last-mechanism-used light, 162, 
167 

lights, 155-56 
playback and record units, 162, 
165 

pushbuttons, 155 
rings, 158,161-63,165-67 
timing diagrams, 161,168-69 
toggle switches, 154-55,162, 
164,267-68 

Tape to drum and lights, last line 
pushbutton, 208,228 

Tape to drum and lights, next line 
pushbutton, 208,225,228,267 

Tape to drum, continuous toggle 
switch, 208-9,228,267 

Tape to lights, last line push
button, 208,228 

Tape to lights, next line push
button, 208,223,228 

Tchebychef polynomials, 116-17, 
121,123-26 

Timing diagrams 
instructional tape preparation 
table, 257,260 

multiply unit, 109,111 
numerical tape preparation 
table, 151 

printer, 179 

Timing diagrams—continued 
slow-fast storage transfer, 81 
tape read, 168-69 
tape record, 161 

Timing pulses 
on drums, 7,55,59,65-66,107, 
191-93,221-23 

on instructional tapes, 38 
on numerical tape preparation 
table, 145,148 

on numerical tapes, 33,142 

Toggle switches 
numerical tape preparation 
table, 145,151 

printer, 170,176-78,180,187, 
270-71 

repeat, 208-9,217-18 
stop specified line, 198,200-1, 
215,268-69 

tape read-record mechanisms, 
154-55,162,164,267-68 

tape to drum, continuous, 
208-9,228,267 

Tolerance check, 40,128-29 

Transfer channels 
A, 10,11,21,26,28,32,34,86,87, 
89,92,94,96,98,99,201,202, 
204,231 

B, 10,11,21,26,28,32,34,88,89, 
91,92,94,98,99,112,114,201-2, 
205,207,231 

C, 11,26,28,29,90,91,94,96,98, 
99,105,109-12,201 

lights, 26,91-93,268 
number-time gates, 86,88,130, 
204,209 

recording of zeros on, 87,88, 
98,202,234 

regeneration, 11,87,88,96 
sign storage circuits, 28, 
88-91,95 

Transfer command, 239,243 
Transfer line of coding to drum 

and lights pushbutton, 208, 
218,223,228,269 

Transfer signs, 28,88-91,94-95, 
201,231,234 

Translation circuit 
for multiplier inputs, 101-2 
in adder, 94-95 

Trigger pairs 
A1-A8,B1-B8, 158,164,167 
,49,59, 158,165-66 
check-stop register, 206 
8 register, 77-81 
function sensing register, 130 
i register, 82-84 
j,h,l, 160,162-63,165-67 
line number register, 207,214 
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Trigger pairs—continued 
matching circuit, 200 
pentode, 46,51-53,58-59 
triode, 50-51 

Typewriters, 11,17,34-35,170,173, 
176-77,184,187 >263, 270 

Vacuum-tube gates, 46,48-49,54,60 

Vacuum tubes 
method of operation, 46 
types used, 41,46,47 
voltages for operation, 264 

Wave forms, 4,7,58-59 

Zero-counting circuit, 88,112-: 
233,234 
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