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INTRODUCTION

In this volume, lectures to the workers of thé Laboratory of Mathematical Ma-

) chines of the Czechoslovakian Academy of 'Sciences held at the Working Conference in
| Déitie by science worker J.E.Purkyne in Dec@er 1952 are published. The next volume
‘ o will contain works in the field of computers for processing data submitted by the
_ above-mentioned Laboratory. The acceptance of the works is the province of the
‘ Science Council of the Laboratory for Mathematical Machines. ‘.

The main purpose of the first volume is to acquaint a wide public with an out-
line of the work carried on at the Laboraftory for Mathematical Machines in the field
of automatic computing, The text of the manual is the work of the ataff of the Lab-
oratory. The results of the original works were reviewed, and the most important
items sslected for publication.

The formilation of the central automatic calculation, its codes, the method of

' ~ construction of the computation are the work of Antonin Svoboda.
The adaptation of the codes in conformity with the constructive requirements
7. of the machines and the extension of the codes necessary for time-saving are the
work of Vaclav Cerny.

The examples of the manual were prepared by: ‘

4 Jan Oblonsky (The computing of cos x), Olga Pokorna (The Geomeiry of Problems.
" in Optics), Zdenek Pokorny (The Computing Problems in Optics), Jiri Raichl (The
" Gemputing of Solutions of Differential Equations).

The formulation of the multiplication perforations and their codes is the work
of Antonin Svoboda.

The investigation and execution of the mmltiplication perforations are the

@ " work of the Aritma Research Institute.
| The methods of solving the problems described in the second part of the manual

and the applied symbols (Operating Tables) are the work of Jindrich Mark.
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The staff of the lLaboratory for Mathematical Machines had to overcome many =

" begic difficulties. Thanks are due to all who contributed their active support,

B particularly the Czechoslovakian Acadenty of Scisfices, in whose framework the Labora-

! tory for Mathematical Machines has been sﬁccessfully developed, and the Mathematical

 Institute of the Czechoslovakian Academy of Sciences, éspecially its Director, Acad-

| andeian E.Cechovi, who has lent his unselfish support to this development for a num-

ber of yeafa. Thanks are also due to the research workers of Aritma for willing and
devoted collaboration.

Thanks are also due to the staff of the laboratory for Mathematicai Machines,
abd particularly to those members whose collaboration facilitated the preparation of
this Manual, Prof. Dr. Hruska carried out the critical scientific examination of
thes manuscript. Special thanks are due to the Prague printers, shop 05, their Man-
ager K.Wickovi and especially their type setters, who composed even the most diffi-

ctilt parts of the text and tables unusually carefully and in the shortest time.

Prague, 31 December 1952 Collective INMS
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INTRODUCTION TO METHOD OF OPERATION AT AUTOMATIC CALCULATION
CHAPTER I
AUTOMATTC CALOULATION

id.&wg

Calculation, logarithmic and other tables are the oldest aids to rapid numeri-

¢al calculation. In later years computers were designed and developed for céﬁplete-
1y automatic calculation.

The employment of computers is today so widespread that everybody has at least
a clear idea of their use.

A‘computer has a keyboard for the digits and various operation keys for the
solution of operations with digits. When operating the calculating machine, the
operator reads from the formula the numbers on which he has to operate, sets them
in the machine, carries out the necessary operation, reads off the results, and
inserts it into the formla. The transfef of the numbers from the formula to the

machine and of the result from the machiné to the formmla is not as difficult and

- tedious a Job as the execution of arithmetical operations with pencil on paper,

~The computer carrying out such arithmetical operations rapidly is desirable not only

because it accelerates the work but alsec because it facilitates and improves it by

L ~excluding calculating errors.

An automatic computer is a machine which carries out automatically a large num-
ber of arithmetical operations, automatically manipulates the numbers on which it
operates, and automatically adjusts itself to the operating procedure,

It is incorrect to describe the cdmputer without thé last of the mentioned
characteristics. According to this incorrect description, the automatic computer
it based on the simple mechanization of the wwfking procedure of the calculator

using the calculating machine., Such an automatic calculation would mean only the

acceleration of numerical calculation carried out by the mathematician in the usual

1

Bl Docesiiod in Par - Sanized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0



Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0

" . way. The working procedure would be plamned according to the old methods of numer-

ical calculation; and the solution of the problem with the automatic caleulator

wolild consist only in the calculation of terms in advance of theéir fixed positions

ifi & planned and knéwn sequence.

: The first Mautomatic calculators! were the result of constructions according
to this naive description. This was a type of calculating machine, consisting of a

¢obination of machines with which theé operator calculated formulas mechaﬁically;

The gadget which controlled the sequence of manipulations and operations with the

| _humbers resembled a telegraph transmitter. A group of openings in perforated paper

tape was scanned and the place of transmission of the imprint carried the manipula-

tlon and operation with the numbers inside the calculator.

The modern automatic computer does nbt proéeed slavishly according to a pre-
liminarily-prepared sequencé of manipulating and operating comminds, which are call-
ad the instructions. The automatic caleulator described in the first part of this
manual selects while calculating the instructions in dependence on the results of
the operations and usually c¢reates regularly new instructions when old plarned in-
structions are absent. The plan according to which the selection of instructions
is carried out and the creation of new instructions is called the instruction net-

work., We shall see that such a plan differs substantially from the instruction

- sequence of the instriction-machine part with scanning of the telewriter tape.

The development of the numerical method of calculatirig has been greatly in-

- fluenced by every advance in the art of calculating means. When; however, the in-
fluence of logarithmic tables and calculating machines is compared with the influ-
encé of automatic calculators, it is seen that the change in the method of numer-
ical calculation was a revolution. Specifically, with the classical method it was
sotight to decrease the riumber of numericél operations or to simplify them (e.g.,
replacing multiplication by addition). The extremely large number of operations

made this expedient impracticable. %he modern method of automatic calculation

STAT
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- disregards the number of operations, so that it can utilize the calculating methods

.i;which are impracticable from the viewpoint of the classical method. (For example,
’{ the functional value of a trigonometric function is found in the classical method
with the help of a Table, while with automatic calculation any such value is easily
and advantageously calculated as the sum of the members of the corresponding poly-
tominal)., In automatic calculation, a large number of operations is not disadvan-
tagsous because its operating speed is considerable.
The application of automatic ¢omputing to the solution of technical énd re—
8éarch problems has, however, one fundamental trait which should be stressed: every
solution of a problem with automatic calculation represents a complex mathematical
experiment carried out according to arbitrarily-established conditions. By varying
these conditions and comparing the variation in the results it is often possiblé’to
find the answers to other accompanying disagreements. The employment of automatic
c¢aleulation, of course, brings to light purely theoretical questions, which in many

- cédsss serve as the starting point for new research in other fields of mathematics.

INTRODUCTION TO THE METHOD OF OPERATIOR

1.2. Calculation by Formulas

In formulating a working procedure for automatic computing, the start is made

with the classical calculating method by formmlas. The working procedure begins

‘with the selection of a suitable numerical method, the notation of the mathematical
expressions, the analysis and planning of the operations, the selecticn of the
sﬁarting values, and the preparation of the forgulaé. If the starting values are
arrariged according to a single index (in sequence), the calculating is carried out
with the help of the single formu1§ in the form of #eparate Tables. At a large nui-
ber of independent variables (large number of indexes) a bound volume of Tables or
a whole series of such volumes is prepared.

The formula with the plan of operations constitutes a model of the selected

-
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+ caleulating method. An example of a classical formula is shown in Fig.l.l. The

' last colum, the values of g/ are calculated in succession with the help of the

}”f fafmula from the values of s given in the first column according to the expressions
; given in the headings of the columms. These constitute the instruction series.
The operation procedure when working by formula begins by taking one, two or
‘“f mors of the values written in the formula, proceeding with the operation in accord-
ance with the expressions in the headings of the columns, and finally noting the A
results in the corresponding places of the formmla. The columns are filled with
varicus values of the same variables, while the lines contain the values of various
variables which are operationally dependent on each other.

The operations in working by formulas are usually carried out with the calcu~
lating machine or with the help of Tables. The formula is usually arranged in
¢olums because the arrangement in line has great disadvantage when using the cal-
culating machine and Tables. On the basis of the columms already filled, the un~-
£311led colunms are filled. At the filling of the same column the operation remains
unchanged for all of its places, the computer remains set for the same type of oper-
ation, the values very regularly, the setting of the values in the machine and their
registration are regular. Thus it is little fatiguing, easily supervised, and there-
fore reliable.

The working procedure such as filling a formula by columns is suitable for

" devices operating with perforated plates. It is unsuited as the basis for the plan
of operational sequence in automatic calculation, because it makes impossibly high

detnands on the memorizing capacity of the machine.

1.3. Instructions
In calculating by formula, the instructions constitute the directions for £i13~

ing further places in the formula. The instructions, therefore, contain the follow-

ing information:

whence: from which place of the formula to take the number to be operated on;

e et S TR B

TN T
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direction: how to operate on the taken number;
where: into which place of the formula to ingert the result,
For the working procedure by fornmla shown in Fig.1l.l1 a sequence of operations
| of this type can be prescribed. The number of térms of such a sequence will be
‘AJ equal to the number of cperations _necessary for filling the formula (counting one
” operation for each place). By selecting suitable symbols the instructions for the
formla can be prepared, While such instiuctions are never prepared in practice,
i Seems desirable for the present purpose ito explain the working procedure at auto-

matic calculation.,

"~ 1.4, Instruction Symbols

B The address is the number which clearly expresses the place of the formla.
. The address determines the place from which the number to be operated on is taken,
"-t and the place where the result of the operation is noted. The address also denotes
the place into which the instruction is written. If it is not expressly desired to
e state the content of a place, i.e., whether by number or instruction, the expression
”';1-"wnrd" is used for the content of the place.
The number assigned to the address a is denoted by the symbol <a>.
The instruction assigned to the address b is denoted by the symbol <bs.
The equation x = <a, means either of the following two expressions: Mfx = the
‘A: nuriber assigned to the address a", or "the number assigned to the address A = x,
. No developing character is attributed to the equation. The equation is simply
t.a verifying equality.
Operations: An operation here ig every fully defined working procedure by
~ which a new item of information is obtained from a previous item of information.
Arithmetical operations are denoted by the usual symbols. If it is desired to
express the value to be operated by a given address the simple symbol < > is used

as defined in the preceding paragraph.
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'Thus,‘for example:

<a> + <b> denotes addition of the numbers assigned to addresses
a and b.
denotes thé sine of the argument assigned to address p;
denotes the addition of the number n to the number as-
signed to the address m;
denotes the addition of m to nj .
denotes the product of the numbers assigned to the ad—N_

. dresses 2 and 3.

Development: The result of the temporal development of the working procedure

" is denoted by the development-sign -> , at which:

X > <a> ... denotes the number x substituting the number assigned to
address a;
denotes the number assigned to address "a" substituting
the number assigned to address "b";
denotes the number assigned to address "c" substituting
the number y;
denotes the number x substituting the number y.
denotes the addition of the numbers assigned to ad-
dresses a, b, substituting the number asgigned to
address c;

n+2 ~ n denotes the addition n + 2 substituting the number n;

<@d +tca> — <& denotes the addition of the number assigned to address a
to the (same) number assigned to address "a" substi-
tuting for the number assigned to address "aM.

The last expression illustrates the intermediary character of the working pro-

cedure: On the address Ma" the number <a> is taken twice. The addition of <a> +

+ ca> = 2«a . This result is assigned back to address Ma", After carrying out the
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instruction, it is obvious that the ﬁﬁmber on addregs "a" will be twice what it was
before. The development sign must never be substituted by the equal sign.

The symbols comnected by the development sign constitute the operation symbol,

To the left of the development sign of this symbol is the operation prescribed
by the operation sign, whose execution gives the resultant information. The devel-
opment sign symbolizes the working procedure, in which the originally filled right
gide of the operation symbol with the development change in the resultant informa-
tion is defiried by the left side.

The unfilled instruction symbols just defined are sufficient for specifying the
working procédure for £illing the formula of Fig.l.l. This specification is briefly

g8t forth in Fig.l.2 in the form of the sequence of operation symbols. Such con-

¢rete calculating instructions do not have much practical value for a calculation by

formilas, and its mechanization leads to the conception of automatic calculation of
 &n obsolescent type.

A cursory glance at Fig.l.2 shows that some of the operation symbols have a
common form, although the contents differ. The necessity may arise of carrying out
ari operation for changing the content of an instruction. It may also sometimes be
desirable to repeat a same instruction two or more times. All that is necessary for
doing this is to select between the instructions as required during their execution.

If after the end of an operation this latter is continued according to an in-
~ struction selected from a number of possibilities, the possibility is obtained of
ramifying the working procedure in dependence on the result of the final operation.
. If one of the branches which has been formed in this way is introduced into an in-
ghruction which has already been carried out, an iteration process is obtained.

For facilitating the description of the iteration process, the instruction symbols
are supplemented by the instruction asymbols of several data,

Complete Instructions. The symbols presented above contain the following in-

formation: from where to take the number to be operated on, how to carry out the
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., operation, where to assign the result. The specification is supplemented with:

. i
The address to which the instruction is assigned so that it can be continued

" TT4f the result of the operation is negative.

IS

The address to which the instruction is assigned so that it can bé comtirmued

lO(O\'“o - [ ) — :20)
1SN0 2

10<103/10 _ 1 N
150° — 6. 111°. (205 —
150° — 6. 111°. ¢21) —

160° — 6. 111° . (30> —
gin {40) —

- {180>2 4 (20052 (220>
(18152 4 (201)2 {2215

19052 + (21052 (2307

Fig.l.2 - Instruction Sequence of Zxpressed Operation Symbols

" if the result of the operation is positive.

The use of two addresses in each of the instructions assumes that each of the
- instructions has its own address, at which the specification is revoked. Complete
general instruction symbols are assigned to a formula according to the following
model:
The first column contains the address to which the instruction is assigned,

-.with the specified symbol on the same line to the right. The second colum is the

STAT
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' operation symbol. The third column is the address to which the instruction Is ass

| signed if it is to be continued in the event that the result of the operation is

’ fihmt negative. The fourth column repreaehts the address to which the instruction is
(

assigned if it is to be continued in the event that the result is negativs.
+ -

OL B EXR AR AR
S N = (b CodC A
0 — {ad> CAD | AD

!

Fig.1l.3 - Group of Complete Instructions in General Form

If the addresses in two sucessive columns are equal to each other (as is the
case with instruction! <AA> and f <AC>, the operation is contimied regardless of the
sign for the result obtained in the operation. With instruction : <AB>, instruc-
tion ! <AM is repeated until the number on address "a' has increased at least to N.

| Then the operation is continued according

to instruction ! <ACs.

[(C7>*41 — Q?S] | The addresses of the instructions in

| :

the general instruction symbols are usual-
ko - NV — b

l ly denoted by two capital letters.

() —>(J) The instruction network is completed

N N N t 1 - 3 3 T
- Fig-1l.4 - Development Diagram Correspond- b7 the logical joining of the system of

ing to Group of Instructions of Fig.1.3 ‘instructions according to which the given
problem can be solved.
The working procedure is often represented in the form of the development dia-
- gram, in which the instructions are expressed by graphic operation symbols entered
- in the fields. The fields are joined by arrows indicating the development of the
"jworking procedure and its ramification in dependence on the sign of the result of

the operation. A simple example of such a diagram is shown in Fig.l.h. In compli-~

tated cases it resembles a network with many branches, and is appropriately known

10
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_lag the instruction network.

The working procedures specified in Figs.l.3 and 1.4 are concordant.

¢ 1.5 Example for an Instruction Network

The preparation of the instructions is carried out first purely by formula,

order not to have to include new terms, which might give rise to difficulties.

b)

0 = <0
N
2 == <2,

X - ldd o I3

e = 0001 - 74>

I'd
= 5

Instruction

Fig.1.5 - Instruction Network for Root Extraction

Ld ) G

a) Mathematical Eﬁgtd (Rozbor); b) Address (Slownik)

¢) Stop, perforation

Let us calculate the rcot of 1.44 by the iterative process, defined by the

a

Ly

el 7T

relation 1 (}( j )

I
a,

for n = Oulyeee, x = 1, { = lobde

The condition for contimuing with iteration is
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The result is regarded as the final veluees! Xy

' Procedure at a Proposed Instruction Network
| Firsi select the address to which the constant is assigned. Then form in suc-
 cession the values expressing the variables: First calculate q which furnishes the
criterion for continuing with iteration. If g is not smaller than e, calculate
Xn *+ 1, repeat the calculation of q, and according to its value continue with iter-
ati&n, or terminate the iteration and enter the result on the card. A working spec~
ification of a proposed instruction network is given in Fig.l.5.
Investigation of the working procedure given by this instruction network pre-
pared by the formula shows that 3 tetal of 8 fislds (addresses) is sufficient. At
| actual calculation, however, it is often necessary to specify names in several

i -
133

fislds. An example of the changeés in this formula is presented in Fig.l.,6. In t
sixteen columns of this Table, the sequence of the development of the whole forimla

is shown according to the instructions denoted by the addresses in the headings.

AUTOMATIC CALCULATION

1l.6. Simple Scheme

The working procedure of automatic calculation is illustrated in the form of a
very simple scheme in Fig.l:7. The principal parts of the automatic calculator
- are shown:
memory - representing the formula;
control —~ representing the calculator;
operational units - representing the Table and the computer;
entrance - serving for feeding the initial information;

exit - serving for reading off the result.

. 1.7, Working Procedure

Before starting to calculate, the prepared batch of perforated cards containing

the initial numerical data and instructions is placed in the inlet. The automatic
: STAT
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AA AD AE

0 0 0 0 0 0 0 Y
1,00000 1,00000 1,00000 1,00000 1,00000 1,00000 1.00000 1,00000
2,00000 2,00000 2,00000 2,00000 2,00000 2,00000 2,00000 2,00000
1,44000 1,44000 1,44000 1,44000 1,44000 1,44000 1,44000 1.44000
¢,00100 0.00100 0,00100 0.00100 0,00100 0,00100 0,00100 0,00100
1.00000 1,00000 1,00000 | 1,00000 1,00000 1,22000 122000
1,44000 1,44000 144000 1,44000 1,44000 118033

0,44000 0,4390¢ 2,14000 2,44000 244000

AD AE AF AB AC AD AG
0 0 4} 0 1] 0 0 0
1,00000 1,00000 1,00000 1,00000 1,00000 1,00000 1,00000 1,00000
2,00000 2,00000 2,00000 2,00000 2,00000 2,00000 2,60000 2,00000
1,44000 1,44000 1,44000 1,44000 1,44000 1,44000 1,44000 1,44000

0,00100 0.00100 0,00100 6,00100 0,00100 0,00100 0,00100 0,00100

b
1,22000 1,22000 ~ - 1,22000 1,20016 1,20016 1,20016 1,20016 [I.:!U(Mﬁ_‘ -

1,18035 1,18033 1,18033 1,18033 1,19¢84 1,19984 1,19084 1,19984

—> (,03967 003867 2,40033 2,40033 2,40033 0,00033 —0,00067 —0,00087

Fig.1.6 - Film Strip of Contents of Memory at Root Extraction
According to Instruction Network of Fig.l.5

a) Address instruction; b) Result
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| computer reads off the information on the'cards and assigns it to its ‘memory. The |

.ngnory, which represents the formula, stores the initial data. After starting the -

m&chine, the control selects from the memory the first instruction, composed of the
‘operation sign and five addresses i, j, k, r, s. The control selects the numbers

b from the memory of addresses i, J, and sehds them to the operation unit. Simlta-

nébusly, the control acts on the operatiop unit in such a way as to carry out the
;1 operation specified by the sign f. The r;sult of the operation is assighed by the
fﬁ control to the memory of address k, wher&vthe sign of this result is read off. '
éAftar setting the read-off sign, the cont;ol selects the next instruction from the ,
“_gm@mony of address r (if the result is posﬁtive), or from the memory of address s |
é(if the result is negative), ;
| The automatic computer proceeds in tiis way from instruction to insfructlon,
) i‘pﬂrsulng various paths in the instruction network, until it arrives at the instruc-

_tion which gives the command for stopplng the machine. The result of the calcula—
",mftion is then alresady prepared in the memory and recorded on the batch of perforated
349 -J

- umrds prepared in the exit. f

. A detailed description of all of the operations which the aut;matic computer
jf:jcarries out is given in Chapter 2. It shbuld be noted that the combined operations.
:ngcan'be extended for carrying out any instructions. Operations are not only the
Qi::fUﬁdamental arithmetical operations with numbers, but also the working proéass by
40 .

::4which the machine reforms or forms instructions or numbers. By such operations,
4i: . for example, the machine changes the instructions of any of five addresses i, j, k,

A4

l‘..._,.'

-Ir, s and the operation sign f.
46

1
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Fig.1l.7 - Idealized Scheme of an Automatic Computer
CofTreed.  MMEMICRY
a) Entrance; b) Memery; c) Comtrel;
INSTRVE 615 .
d) Memewy; e) Operational unit; f) Exit
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CHAPTER 2
CODES OF AUTOMATIC CALCULATOR

WORDS

2.1s Words
; The automatic computef processes information according to words, sométimes.cre—
ateé, of invariable magnitude. Each work is composed of 32 binary numbers,'which
just £ills one place in the memory (denoted by one address). Of these 32 numbers,
31 are carriers of specific information, while the remaining number is formed in
depéndence on all the other numbers of the word in such a way that the sum of all
32 numbers of the word is odd. The dependent number is called "parity®™., If it is
dendted by & question mark and the other numbers by dots, we get the picture of the
word
? ecsecbssctroveivsenssissssceno
The parity serves for verifying the correctness of the transfer of the word to
the machine. .
By definition, the number or instruction is the word. The specification by

whic¢h the number or instruction is éxpressed by a word is called the code.

CODES OF NUMBERS

; Our automatic computer employs for the depiction of numbers two different

codds: Code B and Code D, If the number is given in the binary form, it can be
directly depicted by Code B, while if the number is given in the decadic form it

cah be directly depicted by Code D.

2¢2~ Code B
The automatic computer works with the binary number N given on 24 valid binary

humbers. The highest valid digit of such a number may have various orders of

16
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mégnitude depending on the position of the binary decimal point. It is very advan-
tageous to place the binary decimal point in such a way that it stands close to the
ieft ahead of the highest valid digit of the givén rumbér, and so that a new number
is formed whose product of multiplication by the corresponding power of 2 is equal to
the original number.,

For example, the number

ITII0000ITIT,0000ITIIIIIT
Té in this way transformed to the product of
, TTTT0000ITIIO000IIITIIIT . 212,

The number formed by this transformaﬁioﬁ is called the "binary numerical pic-
ture I of the number N. The power of two is called the "Exponent P". The absolute
value of the given number N is then expressed by the double number X, P, at which
there is valid

| = x ¢ 2F
and at the same time
1< x <P
The symbol of the number N is depictedl by the binary digit Z. At positive N

g

Z = 0, at negative N Z = I.

The absolute value of the»exponent‘is expressed by a five-place binary number,

the symbol of the exponent is ekpressed by the binary digit z according to the same
specification as with the symbol of the number N. |

The word depicting the number N according to Code B is formed according to the
example

? ,Iccnon.cooodtioocouaicoi Z s 6b e Z
parity binary numerical symbol  absolute symbol for
picture of X N Yyalue number N

exponent

Before the particular word depicting zero is introduced, the latter cannot be

expressed at all because the first digit of a nonzero binary numerical picture is

17
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always I. Zero is expressed by a word according to the example

I » 000000000000000000000000 0 00000 0.

This example is common to both codes B and D¥.

s

243+ Code D.

The automatic cilculator receives and delivers decadic numbers N with 6 valid
décadic digits. As with Code B, the decimal pqint is placed in such a way that it
stands to the left ahead of the first valid digit, and so that the formed mumber is
muitiplied by the corresponding power of ten. The absoiute value of N is then ex-
pressed by the double number T, Q at which is valid:

|N] =Y - 109
and éimultaneously |
0r< v <10,

The 'symbol of the number N is expressed by the digit Z, and the symbol of the
exponent Q is expressed by the digit z in exactly the same way as in Code B.

Six decadic digits of a decadic numerical picture Y are expressed by six four-
place binary numbers according to the model.

) eees eece eees sese emes eses

The absolute value of the exponent Q is expressed by a five-place binary number,
whose highest digit is always zero.

# The binary rnumerical representation>is denoted with the corresponding octet in
5uch a way that the triplets of the binary number are expressed in succession by the
oetic digits O, 1, 2, 3,,4, 5, 6, 7. For example, the binary numerical representa-
tion,

»III YOO O0I III 000 OIT IIT IIX
is denoted in the form of

‘ s ThL70377
in Code B, the eéxponent P is also affixed to the octet.

18
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~ The word depicting the number N according to Code D has the form

? y eoced edee sees eiwe seee seve 2 Oooon Z
parity decadic number of picture Y gymbol absolute symbol for
, value , nimber N

VT

exponent

A

For example, the number - 45,0769 is expressed according to Code D by the word

I , 0I00 OIOL 0000 OIII OII0O IOOI O 00010 I

2olys Numerical Range of Machine

The numerical range of the machine is determined by Code B and not by Code D.
Therefore the automatic calculator calculates only with the numbers depicted accord-
ing to Code B. A number fed to the machine in Code D must be transformed to Code B
before it is used. From this it follows that the machine is unable to process num—
bers higher than the highest of all the numbers expressed according to Code B.

The highest number depicted according to Code B is

2 147 483 520 231,
This number is depicted according to Code B by the word
0 S IITITIITTIITIITITIITIITIIIII 0 ITIIT 0.
The smallest nonzero, positive number depicted according to Cede B is
0,000 000 000 232 831 = 2-32
Its depiction is
0 ,I00000000000000000000000 I ITIIT 0.

Still smaller numbers are depicted by the machine as zero.
CODES OF INSTRUCTIONS

Codes of Instructions

An instruction contains the directions for the operation and five addresses
{gee Sect.l.4). It is composed of two words, each of which contains, besides the

parity, three binary numbers A, B, C. The number A has 10 binary digits, the B has

19
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1

9plthﬁ C has 12, The word depicting one half of the instruction has the form

? vesieneses sesnseswi sessecescnes
parity A B ‘ Y
The double forﬁing the single instruction is always fed to two neighboring

plﬁces of the memory. The first part of the instruction is always fed to the memory

of even address., The other part of the instruction as a rule is fed to thé‘memory of

the next higher address. To prepare the machine with memory of the instruction for

the operation, select the first half of the instruetion according to the even address.

The instruction (both words) contains the operational signs fy and £, and 5

 addresses i, 3, k, r, s,

In the first word,,assigned to the even address:

A .... denotes a ten-place binary ﬁumber given by the address k of the place in
the memory to which the result of the operation, denoted <(k», is to be
assigned;

B .... denotes a nine-place binary number given by the even address (so that 9
places aré su
chine will continue to calculate in the event of a positive result of
the operation (Kk> 2 0);

C es4e denotes a twelve;place binary number fy given according to the operation-
al code of the operation which the machine has to carry out according to
the words fed to the memory of addresses i, j. The individual digits of
the operational sign f1 are denoted in the form

IJKNDSWXYZMT
In the second word, aésigned to the address by one higher than the address of
the first word: |
A .... denotes a ten-place binary number given by the address j of the number

<j> to be operated on;

B .... denotes a nine-place binary number given by the even address of the

20
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instruction according to which the machine will continue to calculate in
the event of a negative result of the operation (<k> < 0);

C «... denotes a twelve-place binary number composed of the two-place operation-
al sign £y abd & tet-place binary number given by the address i of the
number gi) to be operated on. The digits of the operational sign f, are
given aécording to the operational code of the action of the entrance

and exit units of the machine, It is designed in the form of

GH.‘.‘.OIICOC

Parity A B

l. vaord . ? . ..‘..‘0.‘.' #0000 0ve0n V000000 b0
k r/2 1

oo sesnanee LR 2 BN B B BF AN Y Ce 000000 ate

“V'/L“““—v*“""—’
b s/2 £, i

Fig.2.1 - Arrangement of Information in Words Constituting the Instruction

2.6. Operational Codes

The selection of the operation is carried out by the machine according to the
operational signs 1 fé. Here the binary digits of both operational signs are com-
bined to one fourteen-place sign in the form of

| LIRS

regardless of the fact that the part GH is in another part of the instruction than

the remaining part IJKNDSWXYZMT. The combined 8ign is here more legible. Included |
in the instruction are only those elements of the operational sign f which corres-
pond to places ﬁhere the sign of unity is in the Binary picture., For example, if
the binary picture of the operational sign is

LIKNDSWXYZMIGH = 0000I000000I00 |,

the instruction is abbreviated to
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The operational code, according to its operation, is depicted by the operation-

i

ﬁ;jﬁ&l sign f. A survey of all of the operational signs is presented in the Tables of

;

T Figs.2.2 - 2.5. In the first column of the Tables there are symbols in general form,

ﬁ~_§in the third column are the detailed denotations of both words specified by the per-
" tihent instructions according to the instruction code. The double capital letters
o : v )

" by which the addresfes are denoted are only included for convenience, and have no

;relation to the operations.
MUTUAL RELATIONS BE] { OPERATIONAL SIGNS

The meanings of the operational signs are given in Figs.2.2 - 2.5. It is, how-
ever, necessary to discuss in detail the operations and the mutual relations between

‘the operational signs.

.. .2.7. Principal Operational Sighs

Sign: S .o Addition with correction <>+ &gy o — &
N ... Multiplication with ¢correction <> - <P — <k
D ... Division with correction <>or gy
'_:f; The machine starts here with <>, <J> from the memory of addresses i, j. The
3;;53pscification of the operation is carried out with respect to the sign. The result
3;T70f the operation is rounded off to 24 valid binary digits. The corrected result
45:;replaces the memory of address k.  The next instruction is selected according to the
4 _'sign of the result.
£ Signt T ... transformation L > - & at j =0
' T2 (> > (K at i =0
At j = 0, the machine carries out the transformation of Tl to the number Qﬁn
5 _ The machine starts with the memory of the address i of the number depicted according
" 4o Code D. The picture of the same number 1s formed according to B and the result

5n :replages the content of the memory of address k. The machine requires that the

- “exponent Q of the number (1) be equal to zero.

22
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At 1 = 0, the machine carries out the transformation of Ta to thé'nﬁmbéi“<3>f"“i

ok
)

The machine star@s_hith the memory of the address j of the number depicted according

Aji-tm Code B. There is formed the picture of the same mumber according to Code D and

1

‘_3thé result replaces the memory of address ks Thé machine requires that the number

Py

i {4 be corrected in advance in such a way that 0.1 < ORERE
) ﬁu...ZJ )
Sign: ST ... addition with, correctlg'giz G+ (s SR

fadrt Sl N 1N
NT ... mltiplication with,correction <1>.= ")~ kS
see Ly 2y — k)

DT ... division withﬂcorrection '

The machine starts with the numbers <i>, <ﬁ> from the memory of addresseé iy 3
9 . .
" The specification of the operation is carried out with respect to the sign. The

result of the operation is handled in such a way that the first 2, valid binary

Ny,

B digits are left without correction. The result of the operation replaces the memory
of address k. The next instruction is selected according to the sign of the result.
Symbol: SX see elimination of the exponent Exp <J> + <D-——a <@
; The machine starts with the numbers ?rom the memory of addresses i, j.
:f:_ From the number {3) the exponent P or Q ig eliminated. This exponent is annexed to
 thé number <i> with respect to the sign of the result depicted according to Code B,
’;;jrﬁﬁlacing the content of the memory of address k. According to the sign of the
mfﬂnreéult the next instruction is selected.
Symbol: WX ... replacement of the exponent <i> = Exp <j>-—é <k>
The machine starts with the numbers from the memory of addresses i, j. From

1tha number (j) the exponent P or Q is eliminated, which is replaced by the rumber

AA:r:<i>. The result replaces the content of the memory of address k. According to the

.o

T sign of the result, the next instruction is selected.

*>;: Symbol: SYZ ... elimination of the sign Sgn (J) — <k>

The machine starts with the number from the memory of address j. From this

_ pumber is eliminated the symbol of the digit Z. This digit as a number according to

“;fééde B, and replaces the content of the memory of address k.

Ty
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 Symbol: ~ WYZ ... replacement of the symbol

B The machine starts with the numbers from the memory of address i, j. - From the
T ‘

"% number {3) is eliminated the symbol Z and replaced by the number (i). The result

éfeﬁlaces the ¢onten§ of the memory of address k.

e

[

i Symbol: SXY ... elimination of the ntmber A Al L

| | G A < = k)
SZ ... elimination of the number B B ) + & — b
R ROE R

SY ... elimination of the number C c!
Tﬁe machine starts with the content from the memory of address j (which is one
‘j;ihalf of.the instructions) and the number from the memory of address i. From the
““1WUrd !<j> the given number (A, B or C) is eliminateéd, which is annexed to the num—
 “'b@f <i> with respect to the sign and the result, which is depicted according to

Code B, replacing the content of the memory of address k. According to the sign of

) f;-the result the next instruction is selected (see example in Fig.2.6).

Symbol: SWKY ... annexation to the number A

N TR g
in the instruction Ay > - Wk

.». annexation to the number B

1o i o
in the instruction BIGy + Gy — 1k

»os annexation to the rumber C

Ol + ¢4 UL
in the instruction G = Kk

The machine starts with the content from the memory of address j (which is one

A
3 .

_half of the instruction) and the number z from the memory of address i. In the
word !<3> the given number (A, B or C) is annexed, the number <i> with respect to
. . ]

the sign. The resulting word {which is changed by one half of the instruction)
_replaces the content of the memory of address k (see example in Fig.2.7).

Symbol: WXY ... replacement of the number A

. (. =z " P —e '.’A U
in the instruction O

replacement of the number B
A o= By - 'L
in the instruction v < A

.

2
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WY ... replacement of the number C
Sy = Ol ke
in the instruction
-”i? - The machine starts with the content (one half of the instruction) from the mem—
_iory of address j and the number from the memory of address j. In the word !<j>,

. the given number (A, B or C) is eliminated and replaced by the number <ﬁ> . The

- resulting word (which is changed by one half of the instruction) replaces the con-

e
: . tent of the memory of address k.

2.8, Supplementary Operational Symbols

Besides the principal operational symbols, which have an independent operation-
v_.al significance and cannot be combined with each other, £here also exist supplemen-
 tary operational symbols, which never occur independently but only in combination

with the principal operational symbols.
Symbol: I ... suppression of the sign of the number (i) ’<i>l
J ... suppression of the sign of the number (3) ‘<j>,
At the selection from the memory of addresses i, j the machine suppresses the
. signs of the digits of the given number and carries out the operation specified by
the principal operational symbol. The result of the operation replaces the content
of the memory of address k. These symbols do not exclude each other, and can be
in combination with all of the principal operational symbols with the condition
the suppression of the signs of the digite is carried out with the number and
—"not with the instruction.
Symbol: K ... suppression of the sign of the result I <k>
At the replacement of the content of the memory of address k with the result
' ' of the operation given by the principal operational symbol, this result is provided
"bwith the positive sign. This symbol can be used in combination with all of the
principal symbols with the condition that the result of the operation is a nurmber

and not an instruction.

4

Symbol: M .., minus with the number (i) - (1)

25
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The machine has in all two possibilities of influencing the symbol of the num-

..'fber selected from the memory of address i. At the employment of the supplementary

T symbol I, the sign i1s suppressed directly at the selection of the number @) from
+ the memory, which leads to operation on the positive numbeg; jAt the employment of
* the symbol ¥, the machire selects the sigh of the number iégégio the operation from
the memory of address i. Consider now the consequence of the influence on the sign
at operation on the number - <i> at combination of the two symbols I and M. The
symbol M can be used in combination with all of the principal and supplementary sym—
_bols with the condition that <i> is a number and not an instruction.

Symbol: G ..+ reading the card G eosonnses

The symboilcontained in any instruction effects that the machine first reads
off the word on the card fed into the receiving end of the macﬁine and assigns it to
the memory whose address is perforated in the same card. Then the operations spec-
ified by the remaining operational symbols are carried out. If the fed cards con-
tain the corresponding holes, the machine. also reads off the successive cards in the

_ same way. The process is continued until the machine encounters a card without the
' symbole This symbol G can be used in combination with all of the principal and
A:.supplementary symbols except the symbol H.
.Symbol: H ... perforation of the card Hl «... from the memory
H2 .... from the operation

The differentiation between the symbols Hl and H2 is carried out by setting the
switch on the control board before the computing begins.

The symbol .Hl contained in any instruction effects that the machine first per-
forates into the card the word selected from the memory whose address is pre-perfo-
rated in the same card. Then there are carried out the operations specified by the
other operational symbols. If the fed cards contain the corresponding holes, the

“machine also perforates the successive cards in the same way. The process is re-

- peated until the machine encounters a card without the symbol. This symbol can be

STAT
26
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) ; e « - B>
erployed 1. Wombin TENY wTEW B brincipal TR tary SymbolS except
. the symbol G.

The symbol H2 contained in any instruction effects that the machine perforates

; the card with the results of the operations given by the remaining operatidnal sym~

- bols. The result of the operation replaces the content of the memory of address k.
The machine at the same time perforates the card with the corresponding index. This
symbol can be used in combination with all of the principal and supplementary sym-
bols.

Symbol: (empty) ..... stopping the machine

The machine stops.

~ DR
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d)

> A+ Gy = <k

Gy - Gy > ey

@ 2 kD

T1 G — (k)

T2 G —~ <k

OO TRy

& = >~ <k

Pif.c.e - heanings of Operational Maris
a) Operatiopal mark; b) General instruction symbol; c) Address of instruction;

d) Operational symbol; e) Complete instruction
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iy Gy > <k

. . FBj2
Exp Gy + G — k)

Fo/2

FE/2

o K == Exp () - <k
FF2

GUB/2

Sgn (5> — <k
GR/2

GE/2

() == Sgn (5> — k)
QF/2

HB|2
AWGS D~ kY

HOf2

HEf2

BG4 iy = <k

HFj2

CUGy + G > <k HI | " HH2
; b HI2

| B

Fig.2.%7 - Meanings of Uperational Marks {continuation)

a) Operational mark; b) General instruction symbol; ¢) Address of instruction;

d) Operational symbol; e) Complete instruction
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k IR/2 SHXY

SWXY S A S — —_

Iz

; ko §437%3
+ S K o S

T2

k 1FjZ

i IF2

Lk JB2
FIy — Wk J i o e e 4+ 2 e

JB/2

= By —~ 1Kk

78y == OG> 1R

EETa
a) Uperational mark; b} tereral instruction symbel; ¢) addrzss of instructiong

4) Uperational symbolj;’ e) Comnplete irstruction
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2)

KBJ2

K02

KE[?

KFj2

KH/2

KI/2

KK72

KK/2

KAM/2

KN/2

KP/2

KQ/2

KSj2

KT)2

1}

NTOP KU

|
L

|

Fig.4.5 - Meanings of Operational Marks (continuation)

a) Operational mark; b) General instruction symbol; c) Address of instruction;

d) Operational symbol; e) Complete instruction; f) Empty
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| 2 |oefe] sy |
| ca kaf2] o]
4)

T ]

€
AICCAD + (b) — (o)

C

figel.6 — Course of Uperatiocns According to Uperational Mark SXY
a - Address of memory; b - Content of memory; ¢ - Control receives instruction; d - Machine starts with word (depicted by

one half of the instruction) from memory of address CA and word (depicted by number) from memory of address b; e - ‘Accord-

ing to operational mark SXY, machine carries out elimination and addition Al(CA) + (b) — (a); f - Result number assigned
to memory of address a; if sign of result is positive (4 = 0), control selects next imstruction from memory of addresses
DE, DE + 1, g - If sign of result is negative (%( = 1), control select next instruction of manory for addresses K'A,KA+1
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e/ AVOE + ¢g. ——se 1T

] P T

—= BT s
L» e 1{ F « . .

O

Fig.2.7 - Course of Uperations according to Cperational Fark SWXY

.a) Address of memory; b) Content of memory; c) Control receives instruction; d) Machine starts with
word (depicted by half the instruction) from memery of address DE and word (depicted by number) from
memory of address a; e) According to operational mark SWXY machine carries out additign of AL(DE) +

+ (a)—> Y(DE); f) The result change in the half instruction replaces the original half instruction in

-the memory of address DE; control selects next instruction from memory of addresses MA, MA + 1
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. 2+9. General Survey of Fundamental Operations

Oneratioral Mard Crerat “oval Symbel

S » G 4 (= k)

v ORI IRENRED

D 8 Gy = kD

7 { ROR R
7247 — (k)

M — (DD

I i

H? ..
S A
NT OIERC) TN 5
DT IOBIRC) R
NX Exp () + &> - &
WX W = Exp ) — &>
NYZ Sgn Gy — (k) |
WYz Y = Sgn (G — D
SXYT A + G- (B
N7 BIGY £ Gy - S
ST CIGD + > — <k
SIWWAY A 4 > - Kk
SWz ' B = & — WKk
Sy CUGS - > — 1Kk
WY G = A - KD
Wz by = BYGY - WD
Wy G e CUFY = WD
STOP

Lempty )
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CHAPTER 3

THE PKEPARATION OF AN INSTRUCTIONAL NETWOIK

P

v The procedure for the preparation of an instructional network has three parts,
.as follows:
a) Selection of a suitable numerical method;
b) Mathematical formulation according to selected method and preparation of the

rinstructional network in general form;

c¢) Detailed preparation of the instructional network.
WORKING PROCEDURE

7. 341e Selection of Numerical Method

The study of numerical methods suitable for automatic calculation is in itself

a new branch of mathematics. To this branch, a series of works will be devoted in

Tv;jfuture yearbooks of the Manual.

~'3.2. Mathematical Formulation and Preparation of a Network in General Form

" The mathematical formulation of the selected method and the draft instructional
/ i~network in general form were carried out on form "Model 1", page 1 of which is shown
‘_ Cin Fig.3.1.

N The three main columns of this form have the headings: "Analysis", '"Vocabu-
‘ ) lary", "Instruction". The "Instruction” column is subdivided into ), columns, titled:
; ;i”Index“, "Operational symbolft, W + ©t w _ w_ - The pages of the form are numbered ahd
ﬂu:¥carry the designation of the job to which they are related. The form is filled with
;.;vthe corresponding mathematical symbols and the symbols described in Chapter 1.

- The mathematical formulation begins in the MAnalysis'" column. The factual data
;l”'are expressed in succession ln mathematical terms, followed by successive specifica-

. -~ tion of the arrangement of these terms. There are also frequently entered mathemat-

7/

STAT
35
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Cuyr T -
~%ical statements which do not participate directly in the process but constitute the

i

-.W;basis thereof, .The next step of the construction is the drafting of the instructicn-

!

‘,jfal network in general form. This is done by filling in parallel the remaining col-

1

.,;jﬁmns of the form. -The column "Vocabulary! contains the symbols describihg the con-

:jﬁents of the addresses and memories. The "Instruction" column has the general in=

‘>Tm3aﬁructional symbols according to the mathematical expressions in the MAnalysis" cole

umn. Each instruction is denoted by an index composed of twe capital letters. This

b,muis done for facilitating the orientation in the instructional network, since in a

. ;égfoup of instructions belonging together the individual instructions all begin with
Vo
‘the same initial letter. The second letter gives the order of the instruction 4m the

L ERY
Vs

group (for example, BA denotes the first instruction in the group of instructions B).
l  : The column "Instruction" contains also the clews for the constants set in the memory
w‘offthe machine. A clew has the character of an instruction, and is denoted in the
."Iﬁdexﬂ column by a mark composed of an exclamation mark, the letter Q and an ordi-

nal number (for example, 3Q2L is the clew.of the number 24 to the stored constant).

. ©2..343. Preparation of the Detailed Instruction Network

5 The preparation of the detailed instructional network is carried out on
¢ tMpdel om form, page 1 of which is shown in Fig.3.2. The four main columns of this

Z. .. form have the headings: "Index", "Address", "Entrance Information?', "Variable In-

4v__formation". The "Index" column contains the reference to the line of "Model 1" form.
©_Thé "Address" column is subdivided into two columns. The first of these columns has

f‘Awpréfrinted the octonary of the address of the work entered on the same line, and the

*.. second contains pre-printed the verifying mark P, The "Entrance Information" is

17 “1iKewise subdivided into two columns. The first of these columns contains all of

““»fthe words stored in the machine before the beginning to compute, and the second c¢on-

53-%tains the mark symbolizing the numerical code to be used (B or D). The "ariable

7'-fIﬁfenmation“ ecolumn gives the symbols of the variables of the constants which oceur

:“‘.iﬁ thé corresponding address during calculation.

36
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Instruction

Operational symbol

Fig.3.1 - "Model 1" Form
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0..

{7 A complete "Model 2" form consists of 32 pages of 32 lines each, or a total of '
‘ _102 lines. The lines of the "Address" column are numbered in advance. Instead of
_.‘the usual decadic marks the octonary marks from 000 to 1777 are used in the preprint:

L

_|Each line of the executed form is permanently coordinated with one place of the mem-

_iory of the machine.

nd

"odel 2" form is filled according to the inserted "Model 1" form. This fill-

4

‘ . ing is, of course, guite tedious, and requires concentrated attention, but repre-
[

R sents, in contrast to the preparation of the instructional network in the usual form,
.‘Q:nearly all mechanical work.
It should be noted that entered on the form at the individual addresses are all
~:,,“the given instructions and constants. Fof reasons following from the construction

_.of the machine, always inserted into the memory of address 0000 is the constant, and

into the memory of the address 0001 the constant 1. These constants are, of course,
preprinted on the form. The entering of, the instructions is carried out by executing
: _ the "Indext column, where the general symbols of the addresses of the instructions

| :‘are entered according to the "Model 1M fofm. Thereafter, the constants of the prob-

rRE

4

_;lem set before the beginning to compute are entered. On both forms these constants

,; re denoted by the letter Q. According to the vocabulary of 'Model 1" form, the

’:;memﬁry is finally replaced by a variable magnitude. On the basis of this work it is

-“~~§dvantageous to affix concrete numerical values of the general addresses in the
LA__" .

...yocabulary. The selection is noted in the "Remarks'" column. At the same time, the
:;ﬁVariable Information™ colwmn is supplied with the development of the variable con-

.ﬁwteht of the memory.

. After entering all of the words, the "Entrance Information" column is inserted.

—The numbers correspond with the employed code (B, D), while the instructions are
—entered according to the name of the model (Figs.2.2 - 2.5). It must be mentioned
. A ""fbé;b all of the addresses are written in the form of the fundamental octonary.

The preparation of the instructional networks ends with the detailed and com-

38
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Model 2

Page 1

Address

QO! 0000 |
Q1 oot |

|
(NH)) '

i

e —-

Fo0003 b

0004

P

Entrance

Informat,éon

()”000()0() (! (N) ()

.4()000000 001 0

0005 ’

0006

0007 |

001 ()

0011

D12

0013

0014

0015

0016

007 !

0020

0023
0024 |
0025

00 26

()0‘33

|

0034

0036

j——
[ 0o
; 0035

L0037

P e

t Page of

39

Variable

Information

-

Model % 7

T'emarks (
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uumétién" columns there is then perforated the entrance batch of perforated cards.

ﬁ"M*Bbh. Instructional Network for the Calculation of cos x

1
i

In the following the preparation of the instructional network for calculating

1L::}£hé value of y equals cos x will be described.

1
3

‘Selection of the Method of Calculation

Bmployed in the calculation is the familiar exponential seriaes

@

—

T ":i“"“" s

R Because the value of argument x is unknown in advance, and the series for the mag-

R

 nitude of x converges slowly, it is necessary before proceeding with this series to
- calculate the argument of the same functional value between O and /2, The itera-
‘fition is calculated by addition of the exponential series, because this is the most

- advantageous method for the automatic computer. The calculation is terminated as

' hTscoh as the next tem of the series is smaller than the given ¢.

B
0t

The mathematical formulation and the drafting of the instructional network in
;:general form are carried out on "Model 1" form shown in Figs.3.3 and 3.4. On the
rﬁfirét page of the form, in the "Analysis" column; the arrangement of the argument is

Vj.qformulated in the specified limits. For the sake of simplicity we shall start at

Al

RV ",

~-this point with the absolute value of the argument. First we subtract 2n until we

;mget a negative result. Then we reach zys located in the interval - 2n to 0. To

;::this P

we then add n/2 until we get a positive result, which will be v

m» tocated in

N
the range O to n/2. The second éolumn of the Table, entered after completion of the
t w:"Analysis" column gives y = cos x for various possible m values entered in the first
_ " column of this Table. Since we wish in principle to calculate only according to the
:j; series for the cosine, we put y = s x cos w. The values for s and w for various m

N

values are given in the remaining two columns of the mentioned Table. On the second

4O

L]
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0. | e ; § .
page of the form (Fig.3..), in the MAnalysis" column, the method for calculating the

)
i
{
)
i
1

-aﬂnﬁﬁm of the exponential series is forimlated and the condition for its completion is

7 dtated.
The drafting of the instructiohal network for the described arrangement of the

M} argument in general form is carried out in the remaining columns of the form in
P

" 'f'Figa.B.B and 3.4. We begin with the two clews !QO and !Ql for setting the standard
) ~ constants O and 1 in the memories O and 1 and with the clew 1Q3 for setting the giv-
“;:eh argument x in the memory a. We proceed according to the first instruction AA:

‘::"Take the absolute value of the number set in the memory a and replace its content

v

lgti‘with the same memory a. Regardless of the sign of the result (in this case it will
’ always be positive) continue further according to instruction BB". After c#rrying
ont instruction AA, |x’ is set in memory a, which is entered in the "Vocabulary®
H, colum. The next instruction AB is: "Set the product of the numbers set in memo-
m“ ries pl and pa in the memory b. Proceed further according to instruction ACW,
Afier execution of instruction AB, the comstant 2n is set in memory b. With this,
-h ‘t however, we are prepared to calculate z . For the calculatién, memory a 1s used

 where Zg = [x} has already been prepared. The calculation is .carried out according
3;:rto instruction AC: "From the content of memory a subtract the content of memory b,
’ _.and replace the content of memory a by the result. At a positive result proceed
-J;_further according to instruction, at a negative result proceed further according to
4G

__dinstruction AD"®. It is obvious that the execution of this instruction must be re-

;;peated until a positive result is obtained. At the first negative result the opera-

a

‘;ftion is discontinued, because then the sought Zy is already set in the memory (and

j~recorded in the "Vocabulary" column), and the calculation is continued according to
- instruction AD. This instruction is carried out for replacing the content of mem-
‘ ifory b (where the set constant 27 is no longer needed) by the new constant m/2. Thus

- we are prepared to calculate Vi used in memory a. At this point of the instructional

néﬁubrk, simultaneously with the calculation of v, the ramification of L possible

L1

‘ N - oo = s Ii _ PR P
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::ffﬁfther processes specified in the Table in the "Analysist column for various m

§

———d

wjyglues is made, This is carried otit using instructions A%, AF, AG and AH. By
4mfééxecution of instruction, the content of memory a or n/2 is increased. At a posi~-
£~“itiv¢ result we are ready to proceed furthér, because then m = 1, in memory a the
t‘;jvalﬁe vy is prepared; and we change over to instruction AI, where first wand s at
lvi:%ﬁ = 1 are calculated. In the event of a negative result we contihue according to

~‘) dkitinstruction AF. The execution of this instruction again increases the content of

- mewory a or n/2, In the event of a positive result m = 2, we have Vs and we change
{

. over to instruction AK, where first w and s at m = 2 are calculated. In the event

of a negative result we continue according to instruction AG. The execution of this

o

_ instruction again increases the content of memory a or n/2. In the event of a posi-

-

_ tive result we continue according to instfuction AL (for calculating w and s at

..m =13)s In the event of a negative result we continue according to instruction AH.

S

This increases for the last time the content of memory a or n/2, after which the

‘ﬂ ;~calculation for m = J, is obtained according to instruction AM.

o Instructions AI, AJ, AK, AL and AM are carried out for preparation of the
values of w and s needed for the further computing for memories a and ¢ according to
the Table in the "Analysis" column. At m = 1, the execution of instruction AJ

| furnishes 8 = 1 in memory c. In the next instruction AJ, from n/2 set in memory b
 w»is subtracted the value vy set in memory a, and the result w is put back into mem-
-“Tory a. After execution of these instructions, the machine continues according to

| ixstruction BA, which begins the actual calculation of the exponential serles. At

~:m = 2, the execution of instruction AK furnishes s = -1 in memory c, which is im-

‘mediately followed by further calculation according to BA, since w = Vo is already
:j"inserted into memory a. At m = 3, execution of AL furnishes s = -1 in memory c,
;‘“‘which is immediately followed by instruction AJ, and the device continues according

. 7 to BAe At m =L, the instruction AM acts on memory c, and the operation proceeds

- further according to instruction BA.
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Instruction

T T9POR

]
Operational Symbol I+ |-

0 - <0»
I <)
T {a>

0> + [Ka>| > <a>
n— {pl>
2 > (p2>
Lpb> . {p2) - <&
— b + (ay > L{a)

g

{pl> : {p2> — <b>

@y + by = <a>
<ay + <by > <a>
(@} + by — (@)
(@ + <b> — {a>
I + <0 <>
—La + by <>
— LI 0 > (e
— < 4+ (0> —><e)>
B + 0> — {e>

X 800 = £

Fig.3.2 - First Part of lnstructional Netwerk in General Form
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Analysis

Vocabulary

Instruction

y—~&.8,

Uy = -~

SEHIVE LY
@+ 0+ 9

|- ~e <0
st —e>0

wt = {a)
u; = (&)
= <d)
= <>
=Lh

5
8

7
%

@G+n=¢
&+ 2=<(p
(). ()=<op>

wt( ). () = g
C oty =<0
e={p3®

l"!u‘ —e=L
Sj1 =)
i+ 1=(ey

y=<b

Cperational Symbol f *! -

Remarks

(@) .<{a> + {a)
I 440> = <by
D 4+ <0 = >
0> + <0) — (o>
<{p2).<{e) ~> >

b+ =P
B+
&b Ay —» <>

(@) :<{g) +<g)>
—<b> . <g> - <B)
e {p%

—Lp® + K|~ <p

<b> + <dy - (d>
(B + e +<e>

d> . (&) - <by
STOP

BB
BC;
BD,
BE|

BB
BC
30

Fig.3.h - Second Part of Instructional Network ir Jeneral Form
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Computing the sum of the exponential series begins with instfuctiéﬁ”ﬁk, which

“j affects the replacement of the content of memory a with the value w<. The next

'_? instructions BB, BC and BD produce the setting of the initial values Uy sj and j
.‘A for j = O in memories b, d and &, where the values are replaced. Instructions BE,

{Ai BF, BG, BH, BI and BJ carry out the calculation of the further members of the series

,,mj docording to the formula given in the ninalysis" column. The form also contains the

~ command !Q5 for setting the constant € in memory p3. This constant is used by the

 next instruction B for verifying whether the jteration must be continued {accord-

"__ing to instruction BL) or whether the machine is ready to proceed further with the

" computation (for which the instruction CA is valid). In instruction BL, the addi-

" tion of the terms cf series is carried out until the sum’is reached. Instruction
E¥ increases the content of memory e by unity, after which the macﬁine proceeds with

. further iteration, beginning with instruction BE. Instruction CA effects the re-
placement of the content of b with the calculated y, after which instruction CB
intervenes, which stops the computation.

The detailed instructional network is prepared on the forms of Figs.3.5, 3.6
ivand 3.7. On the first page of the ™odel 2 form of Fige3.5, in the first two lines,
“i the memories 0000 and 0001 are entered, depicting the constants according to the
’ﬁ'commands '00 and 'Ql. On the further lines of this page and nearly all of the sec—
‘>; ond page (Fig.3.6) contain the instructions, each of them always in two lines. The
‘”,“third page of the form (Fig.3.7) gives the contents of the constant and variable
memories in the course of the caleulation. In the "Eemarks™ column there is always
given on the corresponding line the coordination of the memory with the general ad-
" d4ress of the instructional network from the "Model 1M form.

The instructions are written in the manner described in Chapter 2. For example,
.‘the instruction on addresses 0002 and 0003 reads: "Take absolute value of numb?r

set in memory 0100, add to it the content of memory 0000, and set result in memory

0100 (replacing previous content); proceed further according to instructions

L5
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“

Case: y = cos X
Model 2 . . Page 1
Address -'Eﬂtr&n C? Va Tiabl? ’ Remarks
Information ‘ Informatior
i

0000 | | ,00000000 0 60 0 0
0001 ,40000000 0 01 ©
0002 |- 0100 0004 SJ

0003 | P 0100 00U4 qboo

0004 0101 0008 N R
0005 0110 0008 0111 | |

0008 0100 000K S/

0007 0100 0bi0 ¢lal

0010 0101 0012 0

0011 IR PR :

0012 0100 6022 N
0013 0101 0014 bLbO

0014 | 0100 0026 N
0015 0101 o0le G100

0016 0100 0030 &

o101l 1020 o1ov
0100 0032 %

010Y 0032 g10D

0102 0024 N

0000 024 (0o
LU0 0084 S

oLot 0ud4 oloo

0102 U344 N

| 0600 0034 0001

0024 SM

0000 0024 Do

0032 0102 0034 .‘3'_‘ o

0033 p i 0000 0034 DOOL
| j Oniiﬂ - 0100 0036 N
Cooss [P L o100 0036 0100
Coige PoU 0101 0040 N8
" (;()217 ; VOB H040 ‘mm! -

- Pirst Yart of Instructicnal jetwork
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Model 2

Case:

y = cos %

b

g Address
&

H‘H‘)

mul P

lNM 2

(3l M.t

i

TR

COO0dS

0046 |

no4T

I)USU

(H)y'

0052 |

0043

ooy

Istd

Ri

NS

lHL‘.ti

1)()11

($1H]

006 |

L
BK .
i
oog?

i,
: (M\H:l
mNH i

BoGtS

HHBE

na )
P

i

i
'

I p

o007

072

P

op

I

o

Entrance
InIOrmation

u)t)l “'N

mmn um' umil

UIU4 unu ~

umm un.u msm,

UIU.' (Hlﬂ) ,\

()IUJ U(N»h o)1

(Pll)) U(M() .\

lmm ﬂmn mu,

N
i

) N
|

[

i
i

i
1
i
|
'

ulms UU. 2 .\

. mml m),,_‘ O3

‘\)l()ﬁ H(hi N

0-!06 (Hl.v4 mm

ul(bh [§IERH] h

106G 0036 DG

N

[LARES A

106 ouso ot

M

O

| a1 o0He S11J
/ olol

mns UHM N
mm umu m“'

ning Hod4e N

Dlod Dodd uon

; (nn) nu [i] .\‘

nln' anTo nw;
0OVO (0D

OO0 HUOL BR00

| :

0u7e
HOUTS
75

("hh

i

|

woTy P

Fig.3.6 - Second Part of Instructional Network
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¥

Case: y # cos x
Model 2. ... .. ... ‘

Address Entrance ‘ Variable
' Irformation Information
R

0100 |
0101 |

T
B ol o e 0

i
e e BRI LT
ooz e o p

B S S .7 1%../ T S

eS|

] i i s e e s e

e oy
2j, 2];“_}» Ugigy [Uyeq)— €

3t 2 (). ()w( ). () g

62207783 0 02 0
40000000 0 62 0
40000000 1 93 0

o1 ;
o1z |

" mss

| 0136
ML,

0137

Fige3.7 ~ Third Part of Instructional lLetwork
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CHAP’I‘ER ..
INVESTIGATION OF A CENTEHED OPTTCAL SYSTEM WITH m
? AUTOMATIC cucm'mn

We conclude the first part of.this Manual with two concrete
examples 6f the application of the automatic computer. The

. first of the examples is from the field of geometrical optics.
INTROD.@CTION

In ca.lculating a high—q\nlity optical—systun", the most importa.nt part of the
%rk:mg procedure is the elimination of the imaging error with the help of the :form—
3t1va parameters (dimehsions). This must be done by calculating the ray path of the
'give“a optical system and that of the optica.l system obtained from this system by
éhan@ng one of the formative parameters by a small amount. For example, in a pho- :
___%ﬁbgraphic objective thé formative para.meths are usually more than twenty. This '
. ﬂunts that we must cariy out besides the fundamental calculation of the ray path at .
1 ,_'ZLéasn twenty other similar caleculations. It is not sufficient here to calculate the
i‘:ﬁth of one ray. At léast five rays must be calculated for each point of the image,
émd three points of thé image already require the calculation of 300 ray paths. |
41: ,, .~ Df course, by fommlary calculation with the help of Tables and the computer,
w&rk and time are saved. 'i‘hia suggeated the idea of carrying out the variatmn of
i M;C formative parameters solely on the basis of the ray path contained in the plane |
-Jaf‘ dysmetry of the optical system, because its calculation is relatively simple.
£ \'l'hb ealculation of a ray path convergent with the optical axis is not mathematically
-“Xdifﬁﬂxlt, but time-consuming. With the help of the computer, however, it is very
. ’ -;Qiy Lo prepare the instrictional network, sccording to which the device calculatea

5%%»& rhort-time a ray p&th convergent with the optical axis.

5a l-’w-‘rhc construction of the imt.mctloml networks for the calculation of ray paths
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- ivergent and convergent with thé optical axis will be explained. It should be noted
I. % tHsn the economy of the instructional neti;works. However, for the present capacity
‘ “} 4f the computer, there is sufficient roomifor setting instructions for the calcula-
} ( ‘oi"mn of the sum of the squares of errors And instructions for minimizing these.

‘ "i‘h*a‘dis‘c'us‘sion of such a supi:lunentary woi-king procedure is beyond the scope of the ?

.,' " prisent work.
[ T

a Vi
§-4
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mxafzkaazzﬁzﬂ yf/cbkﬁﬁ ¢3/ iﬁ%@a x.z%éﬁfé/

The investigation of a centered optical system involves a repetition of the

:ﬁML;i}‘Féinmlation

—d

solution for the problem of the tran51t10n of a given ray through the given optical

: t

system. This problem can bé Farmulated roughly as follows~

¢
¥

N SR

Assume a system with & éertain number m of spherical areas with their centers
iq in the axis Xpo The‘last of these areas is the focal plane. The remaining part of
'ijthe areas have the form of the surface of the individual lenses of the optical sys-
:%mm. This part of the areas will be called the bbundary. Figure }.1 shows examples
¢

:bi convex, concave, and plane boundaries of a focal plane. Each of the given m

areas has a certain constant'N. (rélative refractive index,'i.e., the ratioc of the

J'i rcfractlve indexes in front and behind the boundary )+ The ray is further identified

~t.by its ;nd1v1dual directional vestor and p01nt. The intersection of the given ray

. with the first boundary mist be determined. In addition, the new individual vector
‘giving the direction of the ray after reffaction must be determined (with the help
..of the constant Ny. This refracted ray is then again determined by the individual
fvdirectional vector and the point (interse;tion with the first boundary). Then the
"iiniersection of the refracted ray with the second boundary must be determined, and
then the new direction of thekray, and so forth, until the focal plane is reached.
.,“in this case only the intersection of the ray with this plane, muét be determined

Aland the problem of the transit of the given ray in the optical system is solved,

ThlS shows that with the solutlon the problem is practically reduced to a few

:;repetltions of the solution of two such geocmetrical problems**.

# Nj is a constant as long‘ag'oniy the wavelength of the light is considered,
ﬁ»'7** The points will be denoted the same as their half vector, so that we may speak
. _‘of point x; (ngl’ 3,20 %4, 3)4 The variable point (vector) will be denoted

x = (%, x, x3).

CIA-RDPS'i-O'i 642’>R001 300040009-0

Declassified in Part - Sanitized Copy Approved for Release 2012/12/11



Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0

114 Determination of the Iﬁférsectiéﬁ

!

H

;i. Given a straight line with its individual directional vector aj— EEH(&j_l’l,

Ku;sajhl'z, aj“l,B) and p°intvxj*1,§5(xjﬂi,l’ixj-i,zﬁ xj“1’3). Determine the intersec-

;j tion X3 = (x3,15 X§,2» Xj’B) of this strafight line with the spherical area given by

»;;ﬁhe center s. = (Sj}l’ 0, 0) and the radius R (or with the plane %, = Sj,l)'

Ty

a) | W

+R,‘ . 8/.‘ ‘V/

Plg.hd - Exémples for Types of Areas in an Cptical Syétém

a) Convex boundary; b) Plane boundary; c)’Cohcave boundary; d) Focal plane

‘*”;Zs-Determination of the New Direction

i a) Determine the uniform vector nj EE(njgl' nj,2"nj,3> normal to the area

7. (given in problem 1) in the point x5
b) Determine the uniform vector aj =(aj,1, 8j,2s 83j,3), which is the linear
57. eombination of the vectors as-y and nj (i.e., located in the same plane; see Fig.,.2)

Jl-fand for whose angle B; with the vector Ny there is valid sin £ : sin ¢y = Nji Nj is

. STAT
i 53
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.. glven by the constant and aj if the angle of the vectors ny and a3~y
" At the solution of this geometrical problem, some facts must be taken int
account according to the physical sense df the problem. These facts are conaideredv

 in detail in paragraphs .6~ .11. e

Fig«hs2 - Transit of j Rays at Boundary

a) For Ny < 1, b) For N5 > 1

éhaz. Transition of a Ray Through a Spherical Boundary

We describe the procedure of the calculation for the stage where the transition

j;fof 4 j ray is investigated in an area. It should first be noted that this area is
,;Spheriéal, Known in this case are:

_the straight lines

XX a 0, =21
|
=X -l
Ty =g S dyg 4l
BRIV ES W el I

-

the spherical ares

(x -

.
of
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| S
-] 1< Calcuiate the Intersection of the Ray with the Spherical Surface

'a) Determine the value of the parameter t for the intersection:

(i ey g = 85 4)F (g0 4 @y, o)2 i Ly s s - ’Rln.”" 0

2 2 29 Lo . . Y.
(a5 vy - “i I A N O R R o O e e h A B R S B W ROk

4

- T Y ;
' »I'.j".lﬁg . Jj“"s ”‘l 1"1'1'\{’1

- RE) -

‘: K

b) Calculate the coordinates of the intersections:

IR IS S E ( J NP Wy == M LT

Xy o= Xy oy o1 Wiegaly s

‘A 2. Calculate the Vector A3

Since aj must be the linear combination of the vectors a -1

have the form of aj = Cjaj‘l + anj (Cj and K_j are constants which must be deter-

and ny, it will

W m:i.ned)
a) Determine the vector n, = (nj 1 n‘j 2 1y, 3) The vector joining the poi’nt

P ‘j of the spherical area with its center 84 has its direction normal to point X3 and

magnitude Rj' Combine the uniform vectors normal to n;, then
Ny == (3';’,1 - Sj’l) Ry ‘ Wiy oo

Jyd

PR AN '"fa ey ) e (4.3)

b) Calcu.l.ate the constants Cj, Kj ard combine the vectors aj. The sought vec-

| tors 8-: mst have the following three characteristics:

a, = (;a; (< K;n;, (4eb)
;== 1, - , (L.5)
siv g, = Ny sin g, » (L.6)

‘ _ % We select "+" for concave boundaries and "-" for convex (See paragraphs 4.9 and
R 5 5
o %% Reorientation to the normal (See paragraphs 4.7 and 4.13.

55
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&
|

v,

where a is the dn R [ER U - ,A.‘.,.,‘...J.. R T T S,
gle of the vectora a.j"l’ Ny, and Bj is the angle of the vesters

¢
b}

3

?_-

45 nj. . B
We multiply eq.(4.}) by the scalar vector n, and obtain

!
k)
H
H

B

N

~.
o

N

o
S S . O |

{

a;. "J = (/id.:—l ,\ in;

Since | e und ' id:
aj, aj"l' nj are uniform vectora, the following is valid:

- ‘ a;.n; == cox g, b By s 0N n,.n
) [ ' '
.. 80 h}mt instead of (“.7; we write
T cos fy = Cyeos v, 4 K,
.. and then
]\;"“’ ('()Sﬂl *—(’1003 '\

We now mtiply eq. (L. fu by the smlar Vector a,.. and obtain
41 R

iy g .0, = Cﬂ’fﬂ s Oy 4 k:": c ey,
. i-Evp, »

€08 (B; ~ x5) = C, + K, cos A

We separate the left side " to 7 ]
and get w.l(1 according to eq.{L.8):

cos ﬁ, ©O8 A + &in g, 8in v, = €, + (cos B; — C) cos ;) cos A
cos B cos &; -~ gin g, 8in Ay = Cy(1 — cog? 5) 4 cos ;L cos B,
8N By 8in vy = ¢, sin? 4 ,

. sin B -
I Siny, T Y

Frocesding from C, to {4.8), we obtair

3

| K;=cosf, — N, cos S
Por coe éﬂj,raccordiﬁg to (L.6), we have

cos? g __I—-sm’ﬂ, =1 — ¥ qm’xiﬁl——N(l» cos? v;)

cosﬁj = l 1 — V¥1 — con? \j) 5= N (4.10)

K= 4 1’1 — (l —cos? ay) ~—~‘\ COS A\, (4.11)

* The selecta.on of "+" for the root follows from paragraph L.7. if the root comes

 ~ ouu mg:mary, this corresponds to total reflex; see paragraph 4.11. ot
STAT
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_ i Since aj-ps Dy are known, we easily find the value cos x;

' also the value Kse

G&Aculatior of the factors
- ayq == Usty- i A Ky @0 == Cittj-q + Kymyp, Qa2 =
¥ s
o= Oy g 4+ Kmyy
‘T.fdompletaa the calculation of the transition of j rays through (spherical) areas.

i

. 'he3. Iransition of Rays at a Plane Boundary

If the j area is a plane of equation x1 = 85,1» it is simpler to calculate thé
. inﬁersection of the ray with this plane. Part la) is calculated and replaces part
§ ';139):
Xjeqy aj b = 8,

T We assums

dj-31 F ,O’ﬁ) ¥
; 80 that
Sy = (8 — @a) T Oy-a (u.lE)
" The further calculation is the same as that for the spherical area, but part 2a is

cittted because the vector normal to the considered plane is known: = (1, 0, 0).

%3
So far it has been assumed that the transit of one (given) ray in the optical
!J:fSygtem is being investigated. It is, however, necessary to select a suitably re-
:'1ﬁs¢1ved ray with various directions and various places Sf origin in the optical sys-
H:“t&m.

4¢th.A. Selection of the Place of Origin

|

The plane (xp, x3) is selected in such a way that all of the points belonging
to the part of thé area coming into consideration for the first boundary have a
posltlve but mlnimal coordinate xj+ If this first boundary is convex or plane, the
béginning of the coordinates is located in the intersection of the optical axis of

thc system with this boundary. In the plane (x5, x3) a lattice is given of 28 points

" % Concerning exclusion of the case aj.y 7 = O see paragraph Leb.

57
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0- —
-;according to Fig.l.3, where A is a given (by definition) Iength. 'If a Tay ariaing

i

in the optical system in a given direction is to be 1nvest1gated we aelect in the
LY f given directlon each of the points of
o lO.L&ja) ; N ) f
@ Qe O - O 1 this iattiée‘:vii’ch the starting point in
- 6_;::7;sﬁigo ; this Qirection, and express it by
X = (xOl, X0, 29 xO,B)'_ The order in
which we select the points of the lat-

¢ : H
N SRR ORI & .._z_‘_.,. SO S

tice is indicated in Fig,L.B by ai'rpws.§

L+5. Selection of Direction

The dlrectlon of the entering ray
is determined by the connection between
the points p = (p, 0, 0) and<155(0&

I T o ~ Qpy O) oriented from q to p (see Figohoh)s
Fig.L.3 - Selection of the Flace of Jri- :
: This Py > 0 is constant (selected in
gin of a Ray in the Optical System
dependence on the angle of vision of thc

gmven optical system), and with qp we select in succession the points 5, 4, 3, 2, 1‘

3¢m@0n For the uniform veeter ag = (ao 1+ 30.2» 30, 3) in this particular direction,

,xz Lo is V&lid:

oy = py: V2T F gk 5

M0 == — (I, ?V’Iq’ + 43
gy = 0.  (4,18)
We calculate then for the

glven optical system the paths of

the rays in six different direc-

o d ] —

Selection of Entering Direction of Ray tiens and for each of these direc

tions we investigate 28 different
rplaces of- origin of the rays in the optical system, and hence we calculate in all

[mny’o
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L6, Impermissible Angle of Ray with thical Axis

If the posltive direction of the ray includes the positive direction of the
f; axis x5 the ray loses significance for our purpose. If, therefore, the directionil

| cos aj 1 aatisflea the inequality .
(e Rad

\ ajy <& S (4,14)
_ at ‘g > 0, by défiﬁition we cease to investigate the path of such a ray (here, anong -

VM.E others, the case aj;l 1 = 0 in eqelel? is inclﬁded).
. ’

 Ls7. Orientation of a Normal Vector

With a convex boundary we orient the normal véctor in the direction toward the
- N ~center of the sphericalbarea'and with a
concave'boundéry in the direction away
from the center. This assures that the
angle B of the directionai'vector of the
ray with the normal vector, in‘the con—

sidered case is always acute, so that

cos Bj < 0O is excluded (which justifies
selection of the "+" sign with the root

in (4.10)).

l1e84 Imaginary,lntefsection .

Significant for our problem is only

o | | the real intersection of the ray with the
Fig.4¢5 - Transit of a Ray through an :

concerned area. 1If, therefore, the ray
Impermissi ble Part of the Area a
does not encounter a real suherical area,
o we do not calculate the ray and we cease to investigate the path of thls ray (in

_ - some calculations, according to éq.(L.1), we therefore, exclude the case A% - Bj< 0).

;:EA¢97_Selection of .One or Two Real Intersections

For a convex boundary, of two real intersections of the ray with the concerned
' ” STAT

.59 .
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3pher1cal area, only théﬁbﬁe‘can;havé'Signifiéance‘WEi&ﬁmﬁaé'ﬁhe smaller coordinate’

mL *1 - Therefore the other intersection is not calculated: Analogously, for a con-
umf ¢ave boundary we caleulated only the ihtersactibh with the greater coord1nate x1

Njf(&ccordingly, the gign of the root is seLected Por some of the calculations aceord-

‘"ﬂ ing to eq.(L4.1). | : ;

h 10. Imperm1531ble Part of Area

o Figure L+5 shows the significance of a part of an area which can never be uged

’ in the given optical system. If the ray (as indicated in Fig.4.5) intersects any
§3~w part of the area in this portion, it loses significance for the problem. We ceasge
e to investigate its path. 1In calculatlng this case, it is found that the parameter

tj of the intersection of the ray with the additional area (i.e., the point xj)

;;; comes out negative.

* }.11. Total Reflex

It is necessary to exclude the case @here total reflex occurs at any boundary.
"" fhis case is found when, at the caleulation the direction, the ray, after transit
';iflthnough the considered boundary, expressed below the root in eq.(4.10), comes out

" negative or zero. Such a case is not further investigated.

5o . 4+12. Distinguishing between Spherical and Plane Boundaries

In the first part of the calculation of the transit of the ray through the
;fboundary it ﬁust be decided whether the considered area is spherical or plane. Ih
.« ‘érder to enable the machiné easily to specify the proper calculation, we aSsign.to
.- every plane the value R, = O‘(aiﬁhough this does not have geometrical sensel),

fZEWhilé for spherical areas we always have the radius Rj 0.

a 13. Distinguishing between Convex and Concave Boundaries

It has been found advantageous to assign to the radius R with convex boundar-

ies the "-" sign and with the concave boundaries the "+" sign, and then to set the

60
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- o o

0 i B

values ‘of the radii in the machlne with these signs. In this way the ‘machine is
.Wable“in@adwaﬁce,;aﬁ‘ﬁﬁe calculation according to eq.(a{l)_to instruct whers the.
::“*" or the "-" sign for the root is to be selected; it is_sufficignt to give the

mn?&otﬂihé same sign as R, has. “urthef, such aSéignment of the sigﬁmfémlﬁgmf;diﬁémm
J

j ( in calculatlng according to (4+3)) is assured in agreament with the normal véc—

i'ﬂwftur (see Paragraph ).7). Starting here, the symbol Rj is defined as the radius

_M;aiready provided with the corfespdndihg»sign.
T4

}b‘“‘h iy, Dlstingulshlng between Focal Plane and Boundary

We require an element with whose help the machlne is instructed to change the
procedure in the moment when the calculation of - the path of the ray is flnlshed

.”“,i,e., when the ray.reaches the focal plane. An element is used with which the con- -
daﬁvstant Nm = -1 is assigned to the focal nlane (although this does not have phy51cal

c,‘sense!) For all of the remaining areas we thus have Nj > O

On the basis of what is stated in the three preceding paragraphs, the j bound-
jary is fully characterized by the constants Hj, 83,10 N .« These constants indicate
the size and location of the boundaries in the system, as well as those of the other

:;ﬂconsldered areas. This is utilized for the construction of the instructional net-

-—work.
4LWJ

DESCRIPTION OF CONSTRUCTION OF INSTRUCTIONAL NETWORK

-«i ~The instructional network is diagrammatlcally represented in the group arrange-
48 __: ‘
. —ment of Fig.h.6. For the detailed investigation of the network it is advantageous

50 :

#ﬂ“%tb usé the ™model 1" forms shown in Figs.4«7—h 13. A survey of the storage of the

3 e

. "Wnecessary constdnts in the memory of the machlne will be found in the three pages

o L S S

t

~.0f the ™model 2" form shown in Figs.h.Zl—A.ZB.
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7 Until the mstmutiens 1n "some ‘part éf the instructIondl network are” “esmn-sn-‘
ed in a particula.r sequence, no mention is made of individual instructions. The o
) entire group of such instructiotis iu denoted in Figils6 by a rectangle. Some groups
) :ﬁﬂl include the part of the’ ihsti*uct:[onal ‘network in which the instructicns are”

R gaﬁabliahed by a aomewha.t more complicated procedure. Thus, for e.xample, the group

‘ J bf instructions FA to FZ (briaﬂy, the grbup F) contains, besides others, the in-
] 7

htfmctioms FQ to FU, according to which the machine repeats the root—extracting

N2
HEE

eycle several times. The cycle is desc‘,ribed in detail in paragraph 1.5. The group

_!*5
o ,F in Fig.h. b is denoted by one rectangle.

18 _J

]

R The manner in which the 1ndividual groups can be established is indicated 'by

20 -
. _‘arrows in the grouped scheme,
27 x ‘

For the solution of the given problem, it is necessary to be able to solve

94

T . obher problems. This article will explain the parts of the instructional network

wi'th whose help the further problems are aolved in the machine.

h.l? Problem 1, x

Given is the boundary with its constants Rj, 84,19 N (the constants are set

in accordance with the remarks presented in paragraphs 1“12—1; 15). Further given

{

:is th f the boundary with t tan _ ,
13 e ray alling on the boundary its constants aJ"l,l' aj‘lez’ aj‘l.B’kxj“l..l’

s x:) 1.2* *571.3°

__} - To be calcu]ated are the constants of the same ray after refraction at the
bmmdary. |
. Problem I is solved with the part of the instructional network for instruction
4. _.: EA to instruction NZ. Instruction JA a.nd, the address rela*ing to instmctlon VA
-:_MI are in this case disregarded. The given constants are stored in the memories no,
ST nlp ssey, N10 (concretely 460, o.s, L70)%,
. 50 The constants ay;, a 5,20 33, xj,l’ X, o x‘j 5 Teplace in the respective

z A

a“'_r’ nf. paragraph L.22

:
-
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b)
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d)

Fipiomt ass wmt e wn o o

|
K
Moo
i
)
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S

Rn s;»h”f l

; Fig. 4.6 - Group Scheme

‘a - Start (A) Exit of initial direction gy Determination of components of vector a,, x; (C) Set- .

. 43(”(&1‘1{3 of addresses for»RJ-, si, 1, NJ (D) Storage of RJ S 1 (E) Sphere-plane (F) Calculatmn of
__,ipirmur t'J of intersection (G) Calcul atisn of plrmeuer t; of intersection b - Imaginary in-

5"¥—"tér§ect.ion ¢ - Impermissible part (H) Cnlculauon X~ x5_1 (J) Storasge N (K) Sphere-plane -

(L) Calcul ation mormal ny (M) Calculation normal n; (N) Cau,ulltxon 8, a5~ a5 ] d - Total

¥ ! reflex ¢ - Great angle (O) Increasing of addresses for R ;85 1 M (V) Enpty exit; (P) Exit

kn?f“"m,?' (R Trial x5 9 3B ~x5 3 (8) x5 9- 8~ x5 9 (T) 3A*x0.2(U) 49— 1= g




an..i
e ¢

1 .....? .
12 M is calculated, T‘he value ¢ is a positive constant given in such a way tha.t it is

: - 40009-0
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5

ntcmoriea the corresponding constants aj 1 4]_,, &j_l.g, aj 1.3+
For the purpose of instruction EA or KA an_investigation is made whether the. |

i
A i._g\.win_,w

’ . mnsidered boundary is 4 spherical or & plane area, According to this instructio_n

withé e&pression

g IRJI G

ab&ller than the radius of any of the glven spherical areas. For any spherical area;
»‘thhrefore, the expression (4 15) comes out positive, while for any plane area, where
W always have R‘j =0 (e.f. paravmph be 12), it comes out negatiVe. |

If the problem coricerns- a sbhere‘ th e group &f inst tructions F is valid. These ,:

?*T:ihétructions are based on the firat two constants of the boundarles and on all of

21 fhe constants of the straight lines (stored in the respective memnriéa) The cal-

o5 ciﬂated para.meter is stored in memory h7 ( concretely 427). The instructions of

;';- group F serve for calculating according to the procedure described in the first part
of paragraph /.2, If the problem con ems a plane, the instructional group G is

33-.7?‘&11(1. The latter is based on the same kind of calculating information as group F,

3¢m" 4 is intended for equiva.lent in.fomation, whose results are stored in the same

-«-.mmories as group F. The calculation is carried out in the manner described in
-—pdragraph 4.3 for planes.
‘ s

».wa known conatant of the straight line and a known parameter of the intcrsection,

* atored in the reapective memoriee. This value serves for calculating the coordinate

g5 of the intersections ::j 12 x .20 X§,30 The resultant coordinate replaces the. given

”:'uconstant X4.1.10 X4 1.2s xj 1.3s which is no lcnger needed. The instructions of

tlm,s group serve for the calculating proceduré aceording to eq. (4e2).
J The further calculating procedure in turn depends on the aecond area. It is

5 - ‘dm‘oemine& by instruction KA, If the problem toncerns a sphere, instructional gréup R

iL is valid, which, with a coordinate of the points xj 1s» Xj.25 Xj,3 on the araa'ahdv
. STAT
| .

: - 040009-0
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Pt s 4 o et

& given constant of the area Rj, sj 1, detoﬁnea the componenta ‘of the uniform vec-~

o :‘mr.o ‘the normal, and is stored in. mriu nlQ, hu., h12 (concretel; 1.30,4.31, —

” -V;KB-ZZ).‘ Proceed aceerdjng te sq. (b 3) If ‘the problem concerns a ‘plane, the unifom 3

: .,%ctor to the normal is known in adnnce.; ‘Instructional group M in thia case only
dtsores the known vectora (1, 0, 0) in the’ corrosponding memories, which require
‘.‘v‘ézctor ny —-(nj 1s nj 24 nj 3) | v :

~ The further procedure is comn to ap‘xores and pla.nea. Inatructioml group N
14 employed. The latter is based on a kno\m um.fom directional vector ay-y of the
réy before refraction, a unifom vector to the normal ny, and a known mutual inde:x
lef refraction Nj A1l of the values are iilready stored in the memories. In this !
épmcedure, the unifom directional vectoriaj = (aj 1s aj 2y aj, 3) of the ray after ¢
; ' réi’mction is detemined sccording to the second part of pa.ragraph L.2. There vec-—
'~j tors replace the given directioml vectors a J“l in t.he correaponding memoriesa. 3
Thia completes the descript.ion of tho part of the instructional network aolving

: }ﬁr{ablm I.

hel8. Problem IT | '
. Given is the entire optical system with its constants Ry, s1.1, Nl;v Ry, 32.1,

’ Nzg eoe; Ry, 8m.1, Npe C—ivén also is the entering ray with its constants '50.1» ao“é,
3itag 3= 03 X,y = O, X020 %03+ o N
: To be calculated are the two coordimtes X020 xn 3 of the yomts in the focal

- plé.ne where t.he ray hits after paasing through the optical syntem . ‘
; . Problan II is solved with the part of the instructional network BA to OC tc»

46 : ge'é.her vith instmctiona PA and PB. The L:natmta of the optical system are atcredf

84n neuories PO, Pl, P2, «ue (concretaly 5 501, 502, eee)e The constants of the :

entering ray a 0.1 ao 2 X 09 xo 3 are igs memories kl, k2, =0, ml (concretely Aal,

“~~'Wrre ﬁ:rst“ coordinate poimt- in the- focal plane is- demted J% 1" “m s

5 B "'%
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Wiz, 150, BEYF.

... The rogq,],tant v&.ueg are ;;erforgtgd_iﬁ.t@ the cards by the machine. -

)
i

In order to be able to use the part bf the instructional network solving probaa

e ey I, it is necestary to be dble . tc fi].lt the required memories. He begin vith £hé
f‘irst boundary, so that in memories no, nll, n2, (concretely 460, 461, 4,62) must be ‘
#tored the eonstants 31’ 8,15 Nys Theee, together with the remaining conetants orl
‘bhe systm are atored in mmriu pO; pl,‘ P2, «eo (concretely 500 501, 502, ...)

The imtmctiom leading to tranamiabioa of the comtmt. are:

DA PO (0 e (ny

B «:ﬂrl.\. + 0>~ (nl)y

T | o p2) VA0 (n2)
‘ ) Moreover, it ia necessary to replace, at least, in nuorioa n3 to nlO (con-
- ﬁfetaly 463 to L70) , the constants of the; entering my by the con.stantc of the
W:mddence of the ray at the boundary. Theae values are stored in memories k1, k2,
180, ml. B 3
. We therefore also giveihstfuctidml:group B by which this is accomplished.
According to these given inatructions, the machine mist begin by solving probn
.im I for the first bounda.ry. The consta;:ts of the ray after refractmu, ca.lculated
—1a# results, form the basis for the aolutlon of problem I for the second boundary. v
The machine is provided directly with the correaponding manorieu. In order to be

40

—lable to begin with the solution of problen I for the second boundary, also the con-

42 __
;4--43?&“\5: Ry, 85,1, No must be stored in place of the constants of the rirst bou.n&rya‘ '

. This is acco-pllahed with instructiona DA, DB, JA, as expla.ined above, except |

—Ithat the corresponding addresses are suitiably changed. Since the contents of mem— =

48,

—ories pO, pl, p2, p3, ... are full, it‘isjnecessary in each of the instructions to

'5¢j* fhe,m%u“ ao .3? _'xO‘l_ar‘g”not‘; re;erjed 191- partiéulgr meucriga" »beca.g?faoal -=

, 5@_.::‘01'0

it

-

58

—

a~

60
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t

‘ d«*hpen' t the reSpective addreas by three.
5 This change is acdmplished by the instructiona of group 0, of which we cite.,_k_ji'

Mu first: e |
UM DAY s g DA R
Thil instruction as ch.mgod by imtmction DA 15 as follom°
, ‘DA | v i \p.t\ + Q()\v-» \n(i\ ' : i
Similarly, instructions OB and OC are transformed by :Lnatructions DB and Jh.

After this, instructiona DA, DB, and; JA can be properly used for solv:mg prob-'

e I for the second boundary, etc. ' | o
 The process is repeated until the ra( reaches the rocal plane. Then the neg—- )
_ative sign of the ccsnatant N, (c.r. para&aph kil4) produces the effect that the |
‘ Tmault of t.he operation ac_:cording to inati-uction JA comes out negative (a negative’
Mﬂmmber is regarded as iero)- Then in second address of the further procedure, |
" _dse., PA is valid. The machine does not further calculate the direction of the ray,;
%T;d bt perforates the card with the coordinatel of the ray, which are already the re- ‘
: _gidred results. ' }
As can be seen, in the moment vhen the michine finishes problem II, the in-
_;hﬁructions DA, DB, JA are chnhged. 1 thf machine returns later to the solution of
_ iproblem I1, these instructions must a.lva.yc be brought back to the origimal state.
ngIh every calculstion of pmblm 11 thiu ii done according to instruct.ions CA, CB,

This completes the: description of tho part of the :lnstrut'tion network solving
B pr’obl& 1T, l ‘

hel9. Problcn III |
(Given is the wiole optical -yatm with its conata.nts Ry, 8.1, N1; Ros 2.1

~§A
{

i

* Ttnstmction 0A ‘means: St;rt with the second ‘word of instruction DA, to whose ;
v whgw%her, to-the- addrou for h),add the content of nenory 810 (iee.y &tho
bsﬁ-jaimbcr 3)5 0 that the changed word mhcu the original word..

53]
' '60? |
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~ II must be repesated for the further points of the lattice. In view of the change

S iﬁ the position of the starting point, inatruction QA is used, which changes its
. i

REApE
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. !NQ, veoi Ry, 8p.15 Npe Also giVen ia the direction ag of the entering ray witﬁ'thef

; .,mmta.nts,,ao,ml,._,a@_,_z,maﬁ“3 = 0. ,Tm.be.;..sob.ved‘ u.pmblem..n. for 28 points.-selected-. A

‘ :L*a succession after the starting poiﬂt xd (xo l’ xo 2, 3) according to the
H‘yﬁten deseribed in paragraph hibo 1 _ T

" Problem III is solved with the irwtrhctions that were hecessary for solving

‘ problm 11 aupplanented by the inatructions QA;, RA, BB, SA. All of the g1ven valued '
; are stored in the aame memoriet as in problan II. Instead of the. coord:mates of
"“M_iy;i‘;}m starting point (i.e., in memories m0 and mi) , the coordinates of this point of '

| the lattice shown in Fig Le 3 are stored, uith whiéh the start has to be made, ERw ,

| ];ipﬁants (0, 38, 34).

- This satisfies all of the coﬁditions needed to begfm the solution of problem II

- for this point. I A o ‘

i

 After exit of the results (with instructions PA, PB), the solutlon of problem f

H
i

- |
!
. th:rd coordinate by A, Then it is possible to return to instruction BA. If in any"
3%

:pmblem IT xg, 3= 0, the result of operation QA comes out negative (we tried to croés
4 i

’the left edge of the lattice in Fig.luB).) In this ¢ase it is again necessary to

— pu‘c. X0.3 = 3A (return to the right edge of the htti ¢e; and to change X9, 0 by A.
32

— ‘ma@e two steps are accomplished according to ihat-'uctions RA and SA. Before start-

402

~»ing- to execute the instruction SA; however, it is tried (inatruction RB) whether
M %ré."lsgression of the lover'edgé' of the —lattice is likely to occur. Prob'\an IIT is
-801wed, and the resnl‘b of the Operation acéordmg to RB shows that further ea:ecution

;;of instruction SA would be attended by transgreusion of the lower edge of the lat- -

a-20 Problem IV_
-Givenis the entire OptiCa.L mtun with its constants as before. “To ‘be solved

L

| [

b '“3 problem IIT- for all of the directions ag of the entering ray selected in the -
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[ hanner described in paragrapk L. 5. Befora exit of the result of every problem III,

1ﬁaatructions VA, VB are disremrdéd" ~

i qg,, and on the other ha.nd the calc\u.ntion and correct storage of the values a

| t”ae mlue q2 must exit, which iu cb‘ﬁ%ﬁc’coristjc of the considered direction..

Problu v 1s solved with the eﬁtiré ~described inntructional network (at which '

All of the given values are etored irx the same memories as in problem III, but

= tba conata.nts a,, 1 8’0 2, giving tho directions of the enterlng ray, are not yet
&#a‘ﬁ ‘l‘hcy nmst first be calculated I'rom the values py and q,. 'rhe constant p, is
éﬁored in memery go. The value ap i.l in neﬁory kO and is at the beginning equal ‘

ﬁfss five,
. The inatructionu of group A effect, bn the ohe ha.nd the entrance of the valne

0.1’

(2" ,2°
This is the beginning for the aolution of problem III for the firat direction. ;

M::U’e:.er this problem has been solved; imstr'uc’bion TA is valid: The purpose of this
,instruction is to reuch the state where tgxe values 3 A » 3A are in memories mO, ml.

e This s ‘necessary in ordor to be able agai.n to begin the solution of problem IIT

w_J

35;

C memads

T 40

for the next direction. The cha.nge in the direction is tried with instruction UA

hy chang:mg the value ds by \mitya. Then it is poslible to return to instruction LA.

Problem IV is completely solved wher at emecution of imstmct.ion UA 2 thm latter

jcomes out negat:we. Thcn the machine. a’oops. :

Rmrka

Theae instructiona effoet that at thé exit the reoultant coordinate is perfo— -

45_lrated into t‘xe card from mawry g'l_h Thid ia such a hrge number that it cannot be :

fﬁ@rded as the coordinate of tho point :ln the foca.l plane, 'rhe presence of this
nwber in the card’ indicatea that the comidered ray did not raach the focal phne.

‘ '«d'bbm- purposes, -
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B ' .
. JThe instractions of gronp V dre val:ld wheﬁever any of the rour cases oceur mantionod_

Jez paraaraph- e 6, 4.8 y e 10 and 4oll, w P B , 1

L sy gy

- The case or pai-agra.ph Li6 dcours wheﬁ the resuit of operation NV comes out naw-
%ive.' In the case of pamgﬂf»h s é. the i-éahlt of operation FE comes out negativea
‘I’he case of paragraph be 10 dccuri ‘when thé resuit ‘of operation FZ or GA comes out ' .‘
: Mgative. In the Ase of paragr&ph b 11 éhe reault of operation NL comes out nega.— B
tive, '

 This comletes the descriptioh of thé entiré instructional network.

"7.;A22~SmEz R N
The prepara.tion of auch an instructi#nal network requlres conaiderable effort ) i
» hbm it mt be remembered that the mrk ig rather permanent and that the network can
be used for investigating any centered opt‘ical systan + Before begmning the golu—- « |
; ‘_,;.iitmn of the problem, the information has beén atored in the memories of the machinea,
o3 Qiiihtsare not enly the constants but also the; entire irstructional network is perforatéd
) ““int,o cards. The entire batch of these cagtds is kept after the solution of the prcb-
: 1cma If the same problesn comes up later for another centered opt:.ca.l system, all
‘tm& is necessary is to excharige in the correspondi*ag batch of cards those contaj.n-

i

- 3,3*1ng the conatants of the old system with ﬁhoae containing the sonstants of the new

& lsyitem: The emtire batch is placed into the machine™, and the machine can be

'I'he cards with the resul‘as coitie out of the mchine in the t‘ollowing order‘ :

o 'h.é rirat card containa pe*forated the eonstant qz = 5, denoting the comon entering

: }

'>1

: | * Blere e hue on.ly syatem with uphericsl or plane boundariea. Homer, it ahould ‘ |
L ncoted that it ia aluaya poasible to prepare the instructional network in such a

- ﬁ\ay ‘bha.t it can alao be used for .y-tana oontaining, for exmnple, also parabolmd
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d{Vaction of the first 28 rays. The next /56 cards contain o the mumerical values of |

__; tim coordinates X x}of the point in’ which these rays intersect the focal pla.ne.
Fdﬁt‘ each of these rays the corresponding value X, is perforated in one card and the
- VAIMe x3 in the next card. The order of the individu&l rays of the con51dered di—y
f fﬁb%ion is given by the order of the starting points in Fig.4.3. perforated into

= Sd cards is the value aQ = = ],, indicating #hat the values of the coordihates in the ‘

‘ j__f'. nm 56 cards belong to the raya of the second entering direction_. After these 56 :

| cards follow the cards with the value q2 - 3, etc.
18 ..
| 'All cards containing the resulta cuming from the machine are given a serial

]8

jmnbber, so that when it becomes necessaryula.ter to use scme of the cards there is
20,_ % '
‘nc danger of confusing the results. The cards with the results can be used as the !

bamis for further mechanical processing
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Instruction
Index | Operatiomal Symbol
! B '
Q0 00

QL oD

Q2 By - (p0y
Q3 ”1',1‘:"i {pH-
194 N2y

R TqoId

H
1

_ we3sds TRTAd0

P v P A4 HIKO + 0y - Chu
’ R ; AB | @0> . (b > k>
a0 Oy . (KOS > (BRI

P +qk = ChO> | AD RO -+ ChIS — chu,

| .
%, = KISy | Q8 L > ChIB
Q9 CEgp - LgE
| 0.5 = <gldy | Q1o | 0.5 > (gl
i
]
i

AE CROS ¢ ChEFE - k)

AF L R3] = h2
j’ a . :

AG - (gE i R2yes b

AH ChE> 4 CRERS = (I

Pig.4.?
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=] K e

i i

Py
SR S IS W

Vocabulary

Instruction

‘Ram.rks,

Index 1

Operat ional Symbe).

!R,i_-' e <0
[Expression (4:15)]

U,y = kb3
Vot + 4 = cmsy
g, = (k>
@yq = k2Zy
e {m0)
Ty = (ml}

PO = (gl
pl -=<gl2)
P2 = <{g13

AK

AL’
AM

B4
BB
B
BD
BE
BF

ey . hD> — (hIDD

TKg0> - (L3> > (kI
- — kOG> (REZD = K2

34 (mly

34— {mly-
by + {0~ (r3>
<2y 4403 > (nd)
0y O (n5) -
0.+ (0> - (n6>
{mby 4 (B - (nT)
(ml + {0y > (nl)

PO {gll)

pl— (g12)

P2 > Lgl3>

@l =

<912y = .

= CKXDB + 15>~ KDB + 1>
, 913 = '

= OJA + 1>~ KJA4 + 1>

{p0> + (05 -» (n0)

(P> + {0y~ <{nl)

—=<g> + {(n0>| —» i)
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" liCorrect Ad-

=CKDA + 1y > DA + 15 |C

dresses i
in Instruc-
tions DA,
DB, JA

Addresses
p0, pl were
reached .with
instructions
DA, DB at
execution of
instructions
Ca, CB

T TOPOH

wTq0Id

wajads TeoTado
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Vocabulary

Instruction

Index |

Operaticnal Symbol

|

ayy3 = {n5) 1
Z;_q,1 = {n6)
2y 9= (NT)
Procedure for Sphere: IF’::_’_; f:izi»
4 =a;_, (Tj—1,1—851) +
R R L RN ol TEORY. SRy
By=a) s + 2yt a)ia—

— 2oy g8y + 8, — R =

=[lx;_,:—a,) + R].

&y —20) — Ry1 +

+ 2 et h o,

!
H
i

| B, = Ch6)
|

‘ A} — B = ChO,
u, = bl

; 0,5 = (gl4)

| py = <hIE)

—<nl) +(n8> - (k0>
n3> . h0> —» (Al
ndd . (nTd> —> <h2)
ALY + (B2 - (REY
{m3) . (nl0) - Ch2)
CREY + CA2Y — (AT
(0> + ChOY > (L)

—{n0)> 4- <hO> — Ch2>
ALy . Ch2) - (RO>
[CYPIRRSY SENY T I
ChOY + <A1y —> (hO)

{nl0} . (nl10> — Chl>
<hOY + (RIS — Ch6
ChTy . ChTY - (RO

— ChB> + ChO> — ChO >

50— ChE4S
£ — (g5

hG>  : (hle)
—(h14> + (BT

L= Kgsy A Y

FU

Fig.4.9

CRL>  + (hidy
(gl4y . (RL:
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FB
Fe
FD| FD
FE,
FF| FF
F@| FG!
FH| FH
FJ| FJ:
| FK| FK
| FL| FL
‘PM\FM
| FN|FN
| FO' FO
FP| FP|
{FQlra

1

| Fr| PR
| FS| FSi
| PTIFX

FU, P

. FQ'FQ

Set as first
approxima-
tion is

:ul = 50

WeTQoId

waqedg TeOTH
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Instruction

Vocabulary
ndex Operational Symbol I *L -
TR ITIT T b i

VAT - sy .
FX sgn (n0Yy — <hD> "FYLFY
ROy = s Chld — ChO> : FZ| FZ
—(RTy 4 ROy > <hTy  (HAJ VA

S . . — by 4 {(nl) - ChO> 5 GB| V4
Procedure for Plane: I3 = ChT> RS 1 B> — <hT ?HAI HA

B0 — %51 @iy, = {n3) ‘
= " {Expression <12 I >
B5_11 ¢ (& )}ai-—l,i = (nd)

aj_y,3 = N3
Zi_g,p = 16>
4z = (AT
Ti_p,s = {nl10>

W Tq01d

) ndy . KRy = (WO
Ty = Tj_rr T &1l ] By 4+ ChO> -+ {n6
ng) o (AT - B
Ty = oy T Gl w5, = <nT Ty + ChOS — (nTy
. by . CRTy - (RO
Tia = Tyops Gyl e = < nl0y + <ROS — (nl0)
: P2y + <0y = <{n2> :
Byl —e< oy ! gt + [KnOY] - ChO> 1 laddrees f:d
[Expression (/.15)] = (b ; ‘, . \::hrf::truc—
e {1 ltion JA in
execution of
instruction
cC :

meqsdg TeaTado

e

Procedure for Sphere: ; Pl by = Ry ) LB LB
ny, e ChIOY ‘ ChOY ¢ (nby > (RIGL f;)» 1{;)
iy = Tygt R, 7 g \:hl.l) ‘ f\u;()r :. >rl§:> — E;I:;, : \"4' \"A
riy = iyt By n;g = <12y | LR A I e Rl e

[Expression (4.3)]

My = (G — &) R;

Figell0
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“Instruction

Analysis k Operational Symbol i +

Procedure for Plane: : t 4 S 4 (0) > 10>
gy = 1 ‘ ' § _ | 05 + (0 — <AL
n)_"' =0 ! Yo K0y (0 > ChiZ)
ny g =0 ) - NG
BTSN
By,
/R

By
b :
) ”‘D‘ H i
c; =N, (eq.{4.9] Nj @y =D A2y . (n8y — N3
Nycom oy == (N o). ANy g g = () P Dy L ek — (nd)
L[Ny By g (0B (REs . (nB) —> (n5)>
G <n3) . (A10> > CAO)
’ (ndy . AL — (R
(MO> + (ALY —» (ROY
, ®mb) . (M2 > (kD)
. | Ny . oom oy == AT MGy + (A > AT
K=+ [T=N ¥ (Njoosap— | <rs> . <<::>~ -~ <<:3>>
— Nycosoy T —LL <0 > (RO
f 4 {Comct«(i‘:;;in : &> . KTy — A
_ — Dy = (M) ' ~—ChLy 4 A0y > (RO
—1 + N} —(N;cosa)* =—D; w, = CA15) 1> (ALY
o £y > (."“\

twRTq0Id

weysds T9aT4d0

ol

0,5 = (gl

, ‘ —ChYy  : ChEBy > AL
=D S o |—<B15y + ChLy |~ <A2)

Ty

Fig.4.11
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Instruction

_Operstional Symbol

— D, ) ' —<g6> + <h2> > (k2
+ uy : .

Uy =05 ( - RIS 4 Ch1sy > (hL)

"

_ ; 145 . ¢kl — (h1B)
v VB, @8y . AL A1)

— (hTy + CRIBY  — (h5)
a = N, + Ky f Chy . k10> - (AO)
, o n3) 4 <h0Y > <nB)
{satinfied by eq.(L.4)] £ <GT>
gy +<n3> > (AO)
ChBy . ChLL) > <hO>
(inecuality 4.14] - ‘ (nd) + ROy — (nd)>
ChE> . K12y > (RO
(n5y + <hO) > (n5)
3> (gl0y . - |Increase
OKDA + 1> + - addresses
+ (g10> > KDA:+ 1> . 0B ™" in in-
CKDB + I} + structions
+ <gl0> —+ KDB + > DA, BD, iJ&.
OKJA + > + by 3 | i
+¢glt) > KJA + 1>

Gy < £ Y

e Tqord

T weqedg 199T4d0

i

HaTs + <0 - {h0)
H20) + (0> — (k0>

24 - {g2>
34 - (g3
gLy 4 {ml)> <ﬂ§l>
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v e e

Instruction
Operational Symbel

g3 + <0y > {mlb)
{m0y + {g2> — <h0>
— g1y H mdy - (mb>
g% + (@ > (mb)

—q1y 4 CHOy > (kO
HXglly + (0 - (ko)
H(gtLy + (0~ (A0,

STropP

iR TRoNd

W yeAs Te0¥3do

Fig. 4.13
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Problem:

l
EEa—
!

Optical Syttm

Page 1

Entering
_ Information

Altered

Information *

00000000 & 00 0

=0

40000000 0 01 0 |

=1

0420 0004 S

G000 0004 0440 H2

0420 0008 N

0421 0010 N

0440 m;dmo

0420 0012 §

0421 0012 0420 -

0421 0014 D

0433 0014 0420

0422 0018 KSM

0421 0016 0433

0422 0020 SM

P

0422 0024 0404

0421 0022 S
0433 0022 0121

P
P

i
P

v vl — )

P .

0433 0012 N
il o012 0414

0441 0026 I) |

0433 0026 0400 !

0442 0030 UM |

_ 0433 00'30 044(9

0463 0032 & ;
S

0000 00?’ ()«Nl

G-NH DO'M ﬁ

0000 "ﬂ.H (N-l’
046; e -5

mﬂn { m'm 0000

{Nﬂﬂ 0040 ~

!NN\ﬂ NHU l)(l"ﬂ

Fig. Lol
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Problem: Opt%ical System

T

Entering Altered
‘Information , Information

0487 0042 8
0000 0042 0480
l 0470 0044 ¥
_ 0000 0044 0451
0053 0046 W’
0033 0048 0411
0055 0050 WY’
0055 0050 0412
0157 0052 WY
0157 0052 0413
0460 0054 8 ‘
000‘)00»—« o OOOOOOM_NGOet,c
04681 0036 S
0000 0058 -— 0000 0058 0501 6tc.
0420 0080 JSM
0460 0138 0404
0420 0083 SM
0468 0082 0461
0421 0064 N
0420 0084 0463
0422 0086 N
0467 0006 0484
0421 0070 §
0422 0070 0421
0422 0072 N
0470 0072 0465
0427 0074 &
0422 0074 0421
0421 0078 &
0420 0076 0460
0122 0100 SM
0420 0100 0480

Figs 4.15

.80

it i R Rttt

R B s el it
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P

: Problem: Optical System
Model 2 N b

5 : Entering ’ ‘ Altering
:é Address | Information Information

P T .mwomzN .
_o1ot | 0422 0102
0102 | P 0421 0104 N
0103 | 0467 0104
0104 | P | 0420 0108
0105 | |- 0421 0108
0108 0421 0110
| 0470 0110
0426 0112 &
0421 0112
0420 0114
0427 0114
0420 0116
0420 0310
0116 _' 0421 0120
o7 | 0434 0120

FK

0126 0422 0122

0121 0421 0122

0122 0422 0124

0123 0422 0130

0421 0126

0434 0128 04231

S o S B

0434 0118 N
D421 0118 D414
0420 0132 8YZ
0460 0132 0000

P 0420 0134 W7

0434 0134 0420
0427 0142 SM -

0420 0310 0427 ‘

L0136

0420 0140 NM

? 0137 ¢ P 0461 0310 0466

Pig. L.16
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Problem: Optical System
Model 2 '

Enterin Altered
Address " Infermat :%on | Info:mtmn

e o e — “- R e bt s

mw ik 04:37 mw H

0444 m«i" 04 ’0

0420 0144 N

M 1'3 04:27 1!144 ﬂ483

0144 ! . D4a8 nHﬁ N
0145 | P | 0420 0146 nms

0146 a1 0180 N

| ot47 0427 0150 (464

0150 0487 0152 &
? H]) . ,.._W..' et - h ————— e A i man= 85

i L 151 0420 0152 ami*

0152 | ¥ 04"0 mu \'

0153 | 0439 0154 mm

1470 0158 © )
"‘0 0)58 (mu

0462 mm K‘

i . b e i

0000 0270 — 0000 0270 0502 ete.
oo one2asy |
0460 m'/i 3404
0420 0184 SM

0488 D184 0461

2430 0106 )

—(;4600168 0420

0431 0170 D

0460 0170 0467

0432 0200 D

0460 0200 0470

_moms
0000 0174 0001

L o4l 0178 S ‘

0175 | P 1 0000 0178 0000

()17(_5___ _;im:}z 0200 8

| 0000 0200 0000

i

Fige l;,-l?
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.. Model 2

Problam'

v-«

Opnical Syutem

RSP PR

)

Addreasv

Enterin;

Information

Altered
Information

0200

0463 0202 N

0201

0202

- D463 0302 1162

03R4 0204 N

. D203
0204

0464 0204 04A2

0485 0208 N

0205

" 0465 0208 0462

0208

0420 0210 N

0207
0210

0430 0210 0483

0421 0212 N

0211

0431 0212 0464

0212

0420 0214 §

o3

0421 0214 0420

0214

0421 0216 N

0215

0432 0218 0465

0218

0427 0220 §

0217

02 20

0421 0220 0420

0420 0222 N

0482 0292

0420 0224

0420 0224

042170226

0427 (l"2ﬂ nm

0420 0310 SM

0420 0230%0421

04 0232 DM

o382

, PN e

i

0233 -

L@ 0435 0232 (422

0422 0234 KSH

u42i 0234'0435

0234
NO G e

Poo2as

C 0236
CANP—
0237

au22’uzsn R T

-M'.’.' n;.'l.’ nmﬁ
ou"l nun .\
0435 0240 m ’v

Fig_. lule

33 :

St e i
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Problem: Optical System
, ?&odgl 2 ) - ,.,,.P‘_ . ya

Entering Altered
Information | Information

0240 P 0435 0280 N
0241 0421 0230 0414
0242 | | 0475 0244 SM
0243 | P | 0435 0244 0427
0244 0420 0240 N
0245 | 1 0430 0246 0445
0246 0463 0250 &
0247 | | 0420 0250 0483
0250 | | 0420 0262 SM
0251 | P | 0463 0810 0407
o022 0420 0384 N
0253 | | 0431 0384 0435
ovs4 | 0484 0258 8

0255 0420 0256 0464

0257 | F 0432 0280 0428
0260 0485 0202 8
0261 0420 0262 0485
0262 0053 0284 SWY
0263 | 0083 0284 0416
0264 | P | 0055 0286 SWY
0265 0085 0268 0410
0266 0157 0082 SWY
o261 | P | 0187 0082 0410
0270 | F 0420 0272 8
0271 0000 0272 0467 H2
o272 | | oaoommes i
02713 | P | 0000 0274 0470 12 |
0274 | | os51 0080 SM |
0215 | P | 0451 0276 0401
0276 0451 0300 &
0277 § | 0000 0300 0408 ;

Address

Figo 1(,.19

o
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Problem: Optical Systen
‘Model 2 R o . Page 7

3 Entering I Altered Renarks
l-‘, Address Infomtion - Information

0300 sl’1 n4ﬂ)nm; §

!
0B e e
1

030y 0400 0304 0430

Cose2 | 040 QQ}G SRy

! ——

P 045ﬁ 0030 0401

0303 |

()!1)4

l. P

‘-30) ] P 0000 ﬂ'&ﬁ“ 0403 ) B Lv._

)
|
1
i
l

0450 0308 8§

0440 10O SAT

0440 0314 0001

|
0420 0312 & l‘*

0000 0312 0411 H2 |

0420 0274 8

| SRR I

0313 0000 0274 0411 H2 E

0314 ] 0090

0315

901
‘ 9 3-):

0336
i

0337
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: Model 2

Problem: Optical System

Address

Entéring
Inf omtfon

v
i

Q5

1

Ty SU TS

Q7
Q22|
Q23

1109
Q17

Q19

Q20

@21

60000000 0 02 0

Q13
Q14
_!QLIE_
‘@10

,50000000 0 11 0

~ Altered
Information

gl == 40]

g3 = 403

g4 = 404

| g6 = 408

g5 = 405

g7 B 4”7

gl0 = 410

gll = 411

50100000 0 11 0

50200000 0 11 0

g12 == 412

g13 = 413

40000000 0 60 0

gld — 414 |

K,

= 425

By — D,

= 426

A,‘. ﬂ}. Nf‘COSfXj

= 427

IR

= 430

X

= 431

54000000 0 04 0

My

h12 == 432

= 1L wy > Vpi gl

h13 = 433

,62000000 0 08 0

140000000 0 01 0

= 50, u, > A7 B;

h1d4 = 434 -

his .= 435

= L un“"Vf’T
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-

o Problem: Optical System
Model 2 L R R e ‘
g ir : Altere Remarks
R T mromation |

Page '

f!{,‘ﬂ.: 0440 P ok 440

L LA0000000 0 03 0 ‘
o Lkoan

044

0442

|
o

!

- '_E
l

'.1n431»P ‘

m0 = 450 !

w0 = 46()» :

‘ nl - 461 |
0461 1 P B -

i

1

|

N 2 - 462

o462 | P | ] n2 - - |

0463 , n3 - 463

' [ - 484
oes L P |

-
C 0485 - S . 465

0466

| os7 1P

0470 | P 1

[+ e e =
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O e e e e e e
2::: *. Problem: Optical Syufem
: | Model 2 !

Y

4 4 '
-1 ) Enterin - ALt

i -~ , er ered
i g | Addreas Informatfon Information

-
‘g e S e e o et o i ot ks P -, i e s

8 1 1Q2 | 0500 | P | R, | p0 = 500

[ pe—

e 0501 | O ay : pl = 501

0502 , N' Lk L ) p2 = 502

- 0503

0504

0505

0530

1. 0331

053

0533

0334

0535

0536
0537

Fig. L; . 23

88

bl B,
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. |
e O CHAPTER V . ...
SOLUTION OF CONVENTIONAL ﬁIFFERENTIAL EQUATIONS OF THE 2ND ORDER

WITH THE AUTOMATIC CALCULATOR

i
N |

The following solutions of concrete b‘robl’oms by means of the computer are se-

lécted from the field of éonventit;nal differential. equations: There ares two such
- i ! .
t_.. problems: '

!
'

1. Investigation on a very simple example of the fortmlation of the instruc-

1 j
tional network for the solution of a differential equation-

zﬁu 2. Ascertainment of modificatiom enabling employment of prOposed instrnctional

»?7__,} nstwork fcr another automatic ca.lculatiom.

- : i

21-—.; Purpasely selected was a very simple example in order to avoid difficulties in

H
i

26 mi grasping the essential matter. The solutﬁ.on is obtained by a more complicaited

1
i

i

28y mezthod which can be readily applied to very complicated systems of differential

—~ {

30 equations. |

]

{

;

? |

' 3_*;; Iet us examine the solution of the squation:

d?y
T Py(x) + f(1),

bll-}~b2

P.z:axl‘{»a:ﬂ +a,, =
3(2) = a, 0+ % + ay f(®) e i

,,ﬂ.;ﬁng the starting ccnﬁitiens

-y dx -
X=X, $5 =v, fort =t

Tt is additionally assumed that the sought integral curve does not ;pproach any of

the singular points of this equation. This equation is easily transformed into the

systems:
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|

l
v

83
{
.

]
3

APPLICATION OF THE METHOD

551 Runge-Kutta's Method

T

'Fdr the solution, the Runge...'f{utta method* is:uae'd' because it requires a very

!

)
B

o s i Boramr e ,.‘..w.....‘..m_
- i

o

§

B stiall number of memories for the machine. In view of the simplicity of this cass,

10—
thil clrcumstance is rather unimportant since scarcely 103 of the memory capacity

!21 =of the machme s utilized. A def1c1ency of memories manifests itself in the use
of systems having a very large number of differcntial equations.
We select the corresponding increment h mdependent of the va.rmtion in ¢,
rand begmnmg with the given initial conditions vo, Xyy to (denoted vig, X , tio)’
'10_-_.
..

‘we first caleculats

ki = [Pyl2se) + fl)] - b,
l‘o = v“) . h y

_and fron this wes caleulate

= [Ps(xu) + flt)] . b }
= Yy .

b i
, ) R 10 h
Uy == vy + ) Ly == Tyg - CR by = lm + 5

Witk the help of these values we determine

kig = [P;@u) + (k)] b
tjg = vu . h . >

ky L -
”mmvm‘*”“é“x, 34¢=xw+‘1§sb i,,-—:tw—}—%.

.{ a.nﬂ X 1%11 ¥

ki = [Py(z4) + fit5)] . b
lyg=vy.h

N # laska-Hruska, Theory and Practice of Numerical Calculation

90
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Vig == Uy 4 keg , Ty = 2y + Uiy, bis =ty + A

further in%ﬁ,r'zl points of the curve are then given by

. Hidio = Vo + %_'(kiu,“f‘ 2ky + 2’?:‘2 + ki) ,
Togpg = Ty + Ly + 2y + 2y + 1),

& i & 2
Lo == &g + 7t .

(5.5)

Using these values as the new etarting conditions, we obtain by the further'
!;»- steps of the Runge-Kutta méthod the new i.ﬁtegral points of the curve. This }n"o—

3 “ ¢adure is constantly repeated. Since thefcalcula‘hion of the expressions for

kg 2y

J=0,1, 2 3

30 is the same, it can be carried 6ut with t\;&e same part of the instructional network. .

32 .1t is sufficient if we are only concerned with the exchange of the numbers Vi
o

xjj’ tij for Vi, 54 X4, 3410 ti,j+1‘ On this part of the instructional network it
J7..will then be possible to establish the furtheér opsrations, namely, the calculation

~of Vi 41,00 X4+ 1,00 by 4+ 1,0 according to €q.(545)s Such & network, however,
would contain a relatively large number of instructlons, and hence would require a

n_li‘érge' number of memories for storage of the intermediate results k_ 49 L1449 This

_.‘_.J

ihcreased demand on the meméries would, o of course, be a matter of indifference

{2 vith this very simple system, but in the so]_ution of systems with a large number of

4%:»_; mfrerentlal equations a deflciency 6f memories might occur.

—

T

— 16,2 Modification of the Runge~Kutta Method

S gt
- H

—

Next let us try to reformulate the instructional network more economically.

;-~;I£ is again required to calculats squations (5.1), (5.2), (5.3), (5.4) with the
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Fuctlondl neUwork. .Ln hé bu&budblon% numbera vlj’ xi‘j',’
wti.j, are exchanged...We assume that, for. facilitating. the. caleulation of the.first _ |

;.£WO”equations of (5.5), it is necessary to add some further instructions, i.e.,

| apparently seven. We multiply in (5.1), 5 2), (5.3), (5. A) instead of the number h'

| the numbers h/6, n/3‘ h/3, h/6, by which e get on the left side k 10/6’ kil/B,
10— :

o KiZ/j’ kiB/é' Thesé need only be added 1nstead of v, for getting the desired
13

) Vio4 1. 0 This addition is carried osut in such a way that at the end of the in~-
1, \

, -~3sﬁruction network, according to which vi 5 +1 is calculated, thelinstruction which |
ii)_...: , 2 . <

- ‘retains this value is added. Betw%en the individual calculations the starting

rm,..%v"az\wlmem Vi,‘ + 1 and ti 3+ 1 must also be caleulated with the help of kij for

& AT daeas

: _Wffurthcr calculation, Exactly the same considerations apply to 1 3 and xij‘

MECHANICAL - SOLUTION OF PROBLEMS

15 3 Draft of the Instructional Network in General Form

Before beginning to solve the problom. the necessary constants and starting

*.«‘

.u_«values Vie? Xy tio must be stored in thg machine in the corresponding memoriss.

;m,Theae correspond to the tabulation for the caleulation of the form. We carry out

a4 §the calculation for j = O, and in the groups of instructions A and B we calculate
—d ) ! ;
_Jf(ti j) and PB(xi j)e The manner of constructing the instructional network for theé
3¢~iﬁ1culatlon of these expressions néed not be described here, since thc mathematlcian

40-.4 wi11l already be sufficiently familiar w1th this,

40i

2 Instruction CA has the form of P3(xij) + f(tij)' With the groups of instruc-
, ’””‘i . : . : .
44 _tions D we calculate

k,",D

= [Py 10 + 1)) 4o, Vi ._ 6

The ‘grwzp of instructioni B glves

l : . li
“‘é?x'fwf!oe 9540’*"'.9

: l k.‘o
at?.,__x,(, -‘*mo 8 5 U,I-—-—vm'{’"mo‘fé“'

i P A AR A e A L SN i e i D il
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g mm'

Next we must ca.rry out b the calculatian for j = 1, For the calculation of the
| form we muat tabulate the new valuess For the ctlcnlation by machine this is

, carried out with the imtructiom of gi*dup T We come to instruction FA, which

ﬁncreasea the address of the instruction by 2. This establishes the instruction by |
- Which the caleulation is repsated. As ndéh as this instruction is reached for ths
gecond time, the michine is proceeding a.léng the path j = 2. In the group of in-

iﬁtruptipnz beginning with TA m, = 3, this is exchanged for my = % and q =

14

F ek

— for q = « In the group of instruetions beginning with TC, the values change
164 ' x ’

i‘to til ﬂ,t. + g regardléss of ths variables. Tt is therefore necessary to con-

18«_
: ‘bimm to calculate

‘2%1 g x!’l) l(tn”"lls (.,,+ "’)+

5
(”do' + -é—o) + =

L ky
Xjg = 1 ] ,o 'L'“.‘:-'U‘o“}-—ml.'—“l‘

_m‘xich ’“1 = ~g’- is exchanged for my = 3. Rega.rdlen of the variable it remains un-
34“

3‘6%  changed, bscause by, = t’i l‘z. . We must therefore repeat the calculation of f(t)

; —and continue until in the group of instruetions B
&-. . . AP

(Pute) + e au (v + S g ) R

li . : \ l ‘ -l! ‘ Z(
—‘:f = Vygy . (J’m -+ *éﬂ + .;‘) -+ “‘“‘2 .

. . 4%
Ly == Ly + My -,

o L
3 Vig == Uiy - my . T My = 3

A

rmIn the further calculation we exchange in instruction TF Q = g for 4y = h and

n."—‘ change the values regardless of the variables in the group of :Ln-tructions begin~

D R

) nimg with e

;
!

!

|
1
7
SR
'.“4

ot

-l

I

i
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§

ki:!

6 == Vigpa0

' ‘ , k k k
kiy = [Py(xiy) + f8)) a5 .('"fé +- "6@ , ‘5‘1 + 'Té! ,

1 L L 1, |
w_éﬂ ““‘:}?’“ifﬂa ) /(:rm --l*‘“*gl + _?;_l_ + “:;‘) ‘gq :*"' 4’5‘;+1An g

o :
‘i'ha groupb of instructions beginning i;rith b\ fu‘r‘hinvhes the chn for perfor-
ating the mmbers vy | 1.0y X4 4 1,00 b4 4 1,0» #0d 8t the same time tabulates them
A8 the starting values for the next step 6! the Runge-~Kutta method. Thus the |
#ctual induction from i to 1 +1 is obtaitf'xed. The group of ‘inltructions beginning

with TG, however, must still correct the jiddreu of the inatrucf.ion' FA by which the
ihstru;:tion is set for the continuation :uxx such a way that the‘macﬁine contiﬁuéaf ’
flong the path j = 1 whcn‘inu‘br’uctiqn\FAv :ccmea ub again. Sinée the solution of the 1
“ equation is of interest to us in the pa.rt%.cular range (tg, ty,.), included in thie 1

max 2

26 gx*eup is instruection ™, by which the sigi;: of the difference tio = t is ascer-
tained. As soon as it comes out positive, the machine has reached the limit of the ‘
. . H i

range in which we are insterested, and itiatopm ' |
The whole calculation procesding in the machine may be briefly stated in the |

 torm of the following equations:

"u‘= (Ps(xu) + f(tu)]‘- Vel
A e SEN
Vg + zm- = (V5 4+ DTa) + 14
R = = _
By =4 ;
) +2 8 = (Zyp +‘z_8¢t) + 8y
S By =

L T = etmgy
S O = Ve tmgry L
Before each calculation, it is necessary to replace in the corresponding mem-

‘ .54-]‘ br.i«arr*bh&—nmnber:-*qj»;iv;-«in»j;l- by the mumbers qjsmy aceording to the tabulatien is -

56
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o 4 o cam s e

— Pl amals This iswrepsated four tw 2 3. »
»&izgramwoxwthaminatructiOnal network is.répmesantedwinlFig.s.z.u Thswpmoposedminnm“Mj,
structional network in a general form is presented in Fige.5.3, 5.4, and 5.5.

For better orientation it may be

! interaiting to note that the calculation :

f of this equation in 50 steps took about

- half an hour. As already mentioned in

© the beginning, we used the Runge-Kutta

!
i

R S ML SO A S

. method in this case only for didactie

1

fvreasons‘ If it had been the purpose

|

' to obtain the solution in the shortest -

époggible time, a method of differentiation requiring a larger number of memories
would have been selected. In this way the time required for caléulating the same
_—nunber of steps would have been rsducsd to about & third.

PO LR

1-4 Finally, it may be interesting @o note that recently a special method haa;

—been established for solving differential! eqpations with the automatic computer#,

32
n4—aIt is also based on the Runge-Kutta method and the calculation requires an even

{

~“smaller number of memories than for the Runge—Kutta method as it has beem employed

36

“‘hers.
bt

9 Tt

* Gi1, A_process for the step-by step integration of dierrentlal equations in an

g u'_m§pp9m§plc dlgltal vomphting machine
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tabuiation,
”nc.wrechan .

(44 -

e By

Figat iy

S

N
Calculationssr (1, ;)

Kalculation of R (x,;;)

¥

B(x;)+ £(4;)

¥

“3’ (X;/) + '(fi,')] q " fi;

CA

j 1+t
Va+ L7, —& vq+t L
(1] .'toll io '.ovl'

R

Vij @ sy

/] 0ot
in+t LS X; S;
LT .gov? — .0“.?0 I

Kgrm s, o K+

Vipt M r;; = v, e 1

\

Fige5+2 - Developed Diagram
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IR RN

Instruction

Analyeis Vocabulary Operational Symbol ‘ +

0 =<0 ; 0~ <0)
o= 1 - <)
e =<(p7) ty = (P
v, = {(pd) o5 — {p4)
v, = <{p5) : v — (P8
te =<(pb) . vy — <P8)
Z. = <pl> ' : . S‘—O (")
7, = <{p2 xy — (P2
2y = (P xq —+ (p3)
b, = (wll) by — (wtl)
by = (wi8) by — (wl2)
¢, = {wl3) | ! e, = (w3
e = <{wié) rg = (w0lé)
6 = (wlb) | ey~ (w0l 8)
by =<{p7>
Ly, = <2l) o Kol . (P7')’ - ?’l‘l
J - | o= LGl (ol - (ol

Bityy + by = g, . oeyby = (28) ; [ (w13} . (’,1.)‘ - ?:;
Oby + 0p = g =G P ey + (weld) - (8
(;::‘u +°:-) ':' - th | o =D ) ?2 . éP':i) - ég;
g by + 6= g, = ‘22 ; ; 2. + (wi8) -
Tl asa fty = ot BRI YR

a, = (wl) a, = (wl)

a, = () | ay = (w2

a =03 - a3 -» (03)

a, = {wdd ; ag - wd)

zm =Gl | ! (p2y . {wl) - (2l

o — b o, Gzl + (o) - (k)

g =D Cely . (p2) = G2l)

§

TRUOTIONILSUT = £*¢*TTg

uotqenby TeTIUSLRIITQ sweTqod

(o
:
s
o)
e}
iai
o
s,
=}
pas
e
o
3
3

o

uotqenby Tetuete; ;g
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Analysis

ge + 5 = g; . ! BD | CBE BE
g7+ = ds : . BE " BF BF
g5 + oy = Pylx;) ) = BF : o4 4
Py(xy;) + flt;) = 9 P = CA \ DA DA

i [ 0 : Lok . 1018

ey

3 .
h
h 3 F LA 1]
KRR s ¢
)]

[Pylxyy + ftippl gp = 7y i = < BA L b L (ul s D
i

o+ Ere =g DB El 4 (P8 = (ph;
SN

4 .
9y = 2 E4 P8BS . CuEy o> (z3) EB EB.
Tia +‘E.‘.'k =fn KB @By + {p3) - (pd> LB Ui k (‘;:
| 3> Cu) ;
3 = lwb) | 3> Cub> L
may = (23> ) {23y . Uy > (23 | ED] ED)|
Loy rq = Lig + M _ T 51 = <P ‘ &) +<ph = (2> VEF) EF|T4+2 -
myr == (b : (€2 IR PR €2 VEGOEG - TR
Vpojp1 = Yg + Myl L0 == (pB) | 2 3 (pdH > (ph> FAL I"':{i PFE ot
2 =Le? ' 2 (W) ColTEre
BYFAS + (wly — KFPAS | T4 PA =TF

i i P pFey o
LT 2
I =Td
R 2

!
i
{

uotjenby TeT3USLRIIT] SURTGOI]

5
Jie4
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Q
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CHAPTER 6
PROCESSING OF PERFORATED CARDS

H

H
£ : Yoo
[ P

TN TOSY DU RS SO

i

i

H

faat

OPERATION WITH BERFORATED CARDS

g .

A S

o

¢

H
it

Tred In contrast to the automatic calculator, which processes numbers and instruce-
‘;;u“tiona automatically, the machine employing perforated cards processws automatically
14 only the numbers perforated in the perforated cards, The instructions must be set

gﬁ_hin the machine by the operator, i.e.; a p&xson must operate the machine.
,ﬁ
_16:) Perforated Cards

20 . v , :
- For calculating purposes we distinguish between instruction cards, which cone

13

29
tain as writteﬂ symbols t structions for the operator (Fig.4.1) ard number cards

?’y 'Uif’@n iy 3G 87'!’3 05“‘ A ,5 0:5“:» 43:; 05“40’1’5- '0(”2) o)
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nstruction Card for 3

“,bn which the numbers entering 1nto the operatlons are designated according to a

_,partlcular code (Fig.6.2). For both the instruction card and the number cards;

45

1‘_.pz‘e:pr-a.nt,ed ninety-column perforating cards are used, As a rule, standard cards

; L.are used, for operations with standard numbers. The mode of operation with standard:

Dl

§“_7Fards does not differ from that with ordinary cards. The standard card is purposeiy

;;*idivided by lines (designated by ruling in Pigs.6.1 and 6.2) into ten number fields
Mb}neight colums each: 1 to 8, 9 to 16, 4., 78 to 85, Columns 41 to L5 and 86

STAT
100

Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDF’81-O1043R001300040009-0 ‘



Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0

P
A e At e

=~ to 90 are reserved for indexmg the indiv'ldua.l cards, for correla.tlng the set of

..ix ~oérds, and. mr parfaration of the simols t_onstants which during the caleula
4

? ¢ome up repéatedly or very frequently. mvery field of the standard card has its
{

.. .

M.J serial number, and can be filled with a a’tanda.rd number, whieh is composed of the
B
- slgn and 7 digits.
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Fig,6.2 - Number Qard of Index 101 (Columns 43 to 45), Set 3 (90 Columns).
With the card were carried out %opez_'ations 31 to 42 according to
the instruction caard (Fig.6.l). (The title numbers are actually

printed on the card)

) The instruction card has number fields distinguished by serial numbers. An
3 Lo .
— example of an instruction card is shown i‘n Fig.6.1. On the first line of each of
4’.'__.; : ’ )
----- . the fields of the card (on the unprinted part) the mathematical statement of the
42 _ :

1

_.} operation is written whose result is to be perforated in the field for this opera- .

R, |

—«i tion. (The symbol D ( ) means that the value must be put in parentheses before

4,~ béginning the operation of perforating the corresponding number card). The second

~_ 1ine states the same operation with the help of the serial numbers of the fields

5¢..
”-*‘; in which the values are present which enter into the opeération. On the third

G

, .S' , lme is the scrlal number of the field (for example, 30 to 39) and on the fourth
ke 4 -

— li.ne the serial number of the operation (for example, 30 to b,3)a A dec:ma.l point

P
20 . ;w_m,

101
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Tt

The symbol.% 43 in the first row of Fig.6.1 means: "Arrange the set of cards 1 |

relatively to set of cards 3 in such a way that the nth card of set 3 follows the

nth card of set 1!" »The lymbbl, meahsz' erity the agreement betwﬁén the cone

| 30 31
! i
; tent of field 30 and the conteént of field‘Bl, and the correctness of the p@rfnfatian

!\:? at the place design“ted by the letter K™ The symbol K means: "Werify the previou-
oo
jk Operatlon and the correctness of the perforation at the place designaned by the
: —i . letter K" The symbol 43 means "Separate set 1 from set 31n D(n) means: “Per-
:6if forate before beginning to calculate with the cards of the corresponding Index nit,
‘;2 N { Similarly D(N), D(x,), D(152) and D(53) mgans' "Perforate the number N, the value X,
;A:: the constants 1l, 5, 2 and the numbers of Set 3

>#:3 The standard number card with ten number fields (Figeb.2) corresponds to one
v::‘raw'of the ten-column calculating form (see Paragraph 1.2). Each of the fields
— bontains the sign in its first colum. If the sign is positive it ie without a

nwvﬁerforatinn in the first column; if it iainegativ@, theére is a perforation in the

C e

fO) v ’4
»w-fxrst column at the place preprinted with' ~ L
32
*4éach of the fields is reserved for desitnating a seven-place number. The odd digits
4_~
~-are designated by a perforation in the correspondlng column, in some places by a

e
ST

v —-prepr1nted pair of numbers. The upper digit of the preprinted pair is read (for
38

mJexﬁmnle, the perforation in the place of the preprinted pair g denotes the digit 7).
4‘,’ b

s

A.-Even digits are denoted by two perforations in the corresponding column. One of

In the second to the eighth columns

thcse perroratlons is always together with a preprinted nine, In reading, the

-‘1ower digit of the number pair is valid at the place where the upper one is perfbr«;

ated. Figure 6.2 shows an example of a number card with the titles given. The

An 1nsf*uctiﬁn card corresponds to an instruction row of the calculating form.

] et e 2 s st 85

. ;~ Accordlngly, the individual number cards correspond to the 1nd1v1dual number rth

STAT
102
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0 . 3 o =

@m}xe fom;_band the number fielde of the set of cards which have the same serial
i

W
(
L.number correapond to the columna of the. forms Every number card is.designated by . ;

¢

! an index (in Fig.6.2, for example, in columns L1 to 45), which corresponds to the
serial number of the corresponding row of the fort: A pack of cards corresponding |
to all of the row of the first to the tenth columns of the calculating form is

called a set, Since a row of the calculatlng form usually has more than 10 columns,

it s necessary to MengthenM the cards of set 1 with an additional card of set 2,
-? and, if necessary, with ons of set 3, etc. (in Fig.6.2 the numbers of sets are

. designated in columns 89 and 90).

- 6,2 _Operation with Cards and Operation with Numbsrs

To each set of number éards balongs one instruction card.
According to the data on the instrucéiOn cards, the operation with the cards
' and the operation with the numbers are ca}ried outs The operation with the cards
/t i# carried out with the classifier, and the operation with the numbers with the
U perforator, the calculating pa#rforator an? the tabulntofn
In the operation with the cards, combination and classification of the mumber
Ecards are employed. The operation of combination is used, for example, when one
_ set of number cards is combined with the following get in such a way that the
- first card of the second set follows the first card of the first set, the second
ECArd of the second set follows the second card of the firstbset, etce This combi-
‘7. nation is carried out with the classifier, for example, according to the perforated
'f indides ih the index fields. In ﬁhe arrangsment . of £he‘qardé, the pack of cards
Z fdfmed by the combination of two sets, for example, must be reclassified into the
.:f? first and the second set. Also whén tabulated values of functions have to be é&m-

piayed in the caleculation, the Wtabulatien® of the cards is carried out according
1
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77 uith the perforator, the initial values and the indices of the individual card-t

2 e
i

_4wans perforated into the cards: R — MW"”a;aauucmgmuf,mmm“_.Mu_\_'

- '5 With the caleulating pertorator the following operabione are carried out:

“J a) Operations on the same cards (Fig.b. 3)
8
- aa) Multlplicaﬁion of two nuitbérs perforated in any two fields of the same

10 g
— tard and perforation of the result in any empty fisld of the same set,

/T oo
(101 11| 12

F*g. - Opar&tion on the Same Card. ' Fig.é.h - Operation from Card to Card,
X, Xyy<oag | P + qi A (The broken 1ines

4) Instruction card with instruetion denote operabionsnin the second - Prun'
fér tield 12; b) Card No. (Index); - of the machine)

c) Set No.

£t

HANRNBEEEEN

v LY
Ai_4_4we_

*

T4 must be borné in mind that this operation must be carried out by machine

_bécause several hundred cards are always prbcesaed,at the same timg

104

Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0



]
Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0

ab) Addition of two nﬁﬁbefahiérfdfatéd’iﬁmﬁnybﬁ;;“}ieldsAof the same card, ahd?

Lpexforation of the result in any émpty,fiald of the same card. . ™

ac) Raising to the second power the number perforated in any field, and per-
i foration of the result in any empty field,of the same card. o
ad)-Dlvision of two numbers perforated in any two rields‘of the same card,

ind perforation of the result. '

.{ b) Operations with card to card

ba) Multlplication of two numbers perfomt.ed in any two fields of an odd card,

__ &nd perforation of the result in the next sven card.

bb) Addition of two numbers perforated in any two fields of an odd card, and

- perforaation of the result in the next

ool o 02' 03 | 0.4{ | . even card.
opaz n : . . -
40 41 |42 43 | 44 : bc) Raising to the second power the

i

. 1 14 " rnumber perforated in any field of an odd
451 a6 | 47| 48 49i

. card, and perforating the result in the

"next even card,

For carrying out any one of opera-

tions b), one empty card is placed in

front of the packs In this way an odd

card is always next to an even card. At

the next passage of the pack through the

machine, the results are also obtained

on the originally even cards.

| - , - : - c¢) Operations from leading Card

i Fig.6.5 - Operation from Leading Card .

! _ to Trailing Card (Fig.6.5)

to Trailing Cards. hy X r, =t w :
o J 3 . The leading card is denoted by the

- nerforation preaent in the left edge bétween the upper and lower half of the card

y _;A(see Figa.é 6 and 6 7). Tha value perforated in this card is reta 1nedvin the

105
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until no leadingﬂééfdéwaée ény longer present.

mAchinét

b .ca) Multiplication of the numbexwpurionatedminwbhe.lnadingﬂcandwbxwtheﬂnumharﬁf

and perforation of

‘the results in the card containing thewﬁebbnd tactor,
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Fig.6.6 ~ Instruction Card for Perforation of Leading Card
by Perforator
i
|

cb) Addition of the number perforateﬁ inte the leading card with the numbers

| perforated into the trailing cards (until the next leading card), and perforation

of the results into the card containing the second term,

-d) Operations from Leading Card to Trailing Even Cards [with Leading Card Followed

by Empty Card (Fig.6.8)]

~'da) Multiplication of number in leading card by number in odd card, and per-

foration of result into even card.

db) Addition of number in leading card with number in odd card, and perford-

| tion of result into even card.

Eé)’Operations along Pack of Cards (Fig.6.9)

ea) Successive subtraction of values perforated into the same field of all

_eards of one set, and perforation of the intermediate résults into the individual
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of the intermediate results into the individual caards.
..Al11 of .the snumberated op&rations oceur autamatinajjggjiith,rcspagLﬂhn;Lhawaignﬂ

The operation of the tabulator 18 ususlly conbined with the printing of the

. valuea perforated into the cards and the Subtraction of the values perforated into
8§ o]
the particular rolumns of the eard (at the jrocessing of the cards with the tabu~
10
lator, the card columna are not divided into individual fields) with aﬁnultaneous

P
i
i
C
i
i

grand;totals.

,,

- Fig.6.10 - Perforator

6.3 Perforator
‘ ~ﬁ The perforator‘is an electrically-driven machins, which perforafes the initial’
S0 : .

values, the index, the consténts, the perforation of the leading card, etc. into

6 tha perforating cgrdsu The pack of cards to be perforated with the 1nformation

- according to the written or printed data is placed into the feed magazine with the

108 STAT
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At e s ek o et ot |

“T face of the cards upwaxo and tho cut corner to the left. By pr9531ng the number

: keys_of the keyboard, the necesaary diglts are set in the corresponding columns 1.

to 90. In contrast to the typewritar, where the roll with the paper moves dLring

the typing of the letters and digits and3the writing is obtained d1rectly by presS~;

e
i

ing the character keys, the sétting carrﬂage of thé perforator moves from the first

— to the 9oth cclumn,‘giv1ng only the setting. When the Moperating key" ig pressed

Figebell ~ Classifier

: 411 6f the set data are perforated into the card, the card moves automatically to
4gw .
- the storage migazine, and the machine fesds the next lowsst card. The set valuss

Z o

~, remain intact, and the machine perforates the cards at a rate of 5000 to 6000 cards
5%t

; ' ~ per hour, or the set values are sutomatically cancelled and the operator sets the
' 540 ' ,

- néw values for the next cards.
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. n

Verifié;iisn ofmﬁhsmcorruéiﬁi;s ofmghswsggEbruting is obtained by repeating
. Lha ‘**’ﬂhat.ng,nmhn‘perroratinn ilightly_dilplanadmiby half_ the pexIQzA&iQnI.Mmemf
This verified perforated card then contaiha only oval holes which can eaaily be !

I vaiifibd even by eyesighte

5

» Qlassifter |

The cluusirier‘is usad for carrying but operations with the cards. The pack
of cards is placed in the feed miagazine iin the same way as in the Derforauar. The
feeder feeds the eards of the pack one bﬁ one from below to the machine at a rate
| ot 24,000 cards per hour. Each co,rd atopjs for a moment under the feeler of the
c&rfi;ge, where the colupm is determined FCcording to which the card is to be
clalaified and uhere the carriage will Jtop.' According to the information con=-
: "ba.ined in the determined column, one of the thirteen® :turage compartments opens:
(Ten of these thirteen compartments corrq'pond to the ten digits O to 9). The
“ransporting roll moves the card to the %pén compartment into which it falls.

In this way, by one "pass® through t%e machine the pack of c¢ards can be re-
¢orted into as many batches as there are éifforent kinds of information in one

colwm. If, for sxample, a pack is to b% reclassified consisting of two kinds of

ﬁéﬁb, for example, set 1. and set 15 (whése number indices.are designated in col~
ﬁnn- 89 and 90}, then the feeler of the caFriage is set for column 90. The cards
w&th the digit 4 perforated into colunn 90 falls into compartmant L, while the

4 ._f eards perfcra.ted with the digit 5 fall into conpartment 5.

41;% The combining of cards il carried adt in nuch & way that the pack is first

o

1
A6- sorted according to the lowest index. Tne curds are then again made up into a

_..a.

ﬁack in such a way that the lower card is taken rrom compartmsnt O then from .

.—.—a

504 ccupartmcnt 1, then from campartmgnt 2, dte., until finally from compartment 9

5"“

.

| % The_classitier i, of cournsealso used for procsssing other types of cards,

_|__which, however, is of r_i.o, interest to out _pruént,méé!@ o

.30

Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0



Declassified in Part - Sanitized Copy Approvedfor Release 2012/12/11 : CIA-RDP81-01043R001300040009-0

¢ et

. ’I‘han ‘the | pack 18 cl assified according to ‘bhe next ‘nlgher {ndesee S ince.ah;kzach N8 mree

_LI'seds the cards of the pack frmfbelmu.w rﬁ.rai; the cards the the mark O fall into ..
4 the compartments O to 9, then ‘hhé gards wj.th the mark 1, stc. in accordance with

the ‘ascond order given in the correspdndihg column. “The batches obtained in this

| way are again put together in. uuch 4 way that the lower card is fed from compart-

mént O, then from canbartment 1; étés This pack is again clasaified according to

{

A ,,L .

l

*3
o

Lo

Fig56s12 - Calculiting Perforator

—-«:’_ the columns with succesgively higher indikes to the highest, and by repeated com~-

;blnation we have obtained the card &rrangﬁmﬁnt according to the indices. If the
491 . . L | .
imdex is composed of geveral different marks, the combining is carried out in the

"w.._i

| pame manner. First, however, it must be decided to which seriss the individual

— ma.rks, correspond.
48-J

6 5 Calculating Perforator

The calculating perforater is a semiautomatic relating calculator which auto- :

qmwaiicalky.proceaaea according to. the prelent perforating operation a perforating

datum in a perforatlng card;and perforatss the result into the same or into the

STAT
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R et PN s e . e v e s =

1~f ﬂéxt card. The operation, which is described above (Paragraph 6 ?), ia aet by hand*

. the controlmboard,bf the,machlne@umrhgmfléld to.ba perforated is aei;“??‘the ;
4;} perforating part of the movable perforator carriage.

| The pack of cards 1s,p1acad in the fced maga21ne in the same way as , with ﬁhe

. perforator or the classifier. The machine {s fed from below one by one card at |

| the pate of 6000 or 3000 cards per hour. The fed card stops for a moment under

! one of the feelsrs where it is felt. An‘électric signal corresponding to the datum

i'mn the card is transmitted to the control baord. From here the signal is trans-

1 mltted only from the number field partxc~.,
‘ i_pating in the operation to the arith-
fmetical units In a split second the

arlthmctical unit carries out the opcra— ;
tion and sends the result via the control
board to the setting electromagnet of the
parforating part of the machine. Here the
" card is fed to the perforating part of the
machine and again stops. In the next E
moment the card is perforated with the ;
datum set by the electromagnet on the i
\parforator qarrlage. The perforated card
~'1is then placed in the file.
| - The machine prodgssés numbers with
_regard to the 31gn.. In the use of stand-
ard nunbers 1t carries out 6000 multlpll—il
cations or additions of two 7~pLace num- i
Fig.6.13 - Tabulator
- ‘bers or 3000 divisions of two. 7-place
umbers per hour. Operating with single cards in succession, the rate of the ma-

_.“*chine 13 3000 operations per hour:

l.‘.‘.-ﬂ &_L;Q;u“&A;;;_;,,A...,‘ ST PIENTICRLE S SRR LT R

| Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0 |
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25} o The opena.ﬁpn of %ééi;ng tg c;rd carrieu out the calculation and the parrorai}

.wghdnn of. hha result,.. Every operation is vbririad by. the<verirying operation.while
#

)

¥
_? processing the next card in the calculatlng perforator, Mhltiplication is verified
6 L

fby exChanging the factors and by changlngsnne ordst of ﬂne of the ractors. ‘This N
13 w.‘

- aﬁsures that the other parts of the machihe partieipate in the verifying caleula-
“i tion. The probability is minimal that th; same error will ocecur in both the orige
.‘glﬁal and the verlfying caleulation in exattly the same two different places of the
.“m&chine. The result of the verifying é&lbk;dv*un is not perforated in tne card.
-~ The card with the verified result is, howbver, telt, and compared in the machine. .

18 _
- If the two results are in agréémént; the ﬁachine perforates into the card above

é

the verified result the words "perforatloh correct®, The machine carries out this

varifying operation likew1se at a rate of 6000 operations per hour.

- The v*rlflcation of addltion is carried out in such a way that in the second
fbalculation the terms are added with the bpposite signs. The machine therefore
ates with both terms filled up with n#nes with entirely different digits in
the same decimal place, Also in this caai the probability is very small that an
error in the machine will occur at the same decimal place of the correctsd digits.

The verified result is, however, perforated in some empty field of the card, By

S:Tanother calculation the verified result is added with the result to be verified.
‘:ijlf the addition comes out zero, the machine pérrorates the words Wperforation cor-
—jreet” above the verified result. The verification of add;tion takes two normal
‘4 ~1op@ratlons. It is therefore carried out at a rate of 300C operations per hour.
5;1 . Division is verifled by multiplying uue quctient by the divisor'without per-
:jforating and by comparing the product with the.di#ident for correctness of the per-

~iforation.
501
]

l't‘\ i

|

1

6.6  Tabulator

} —In-the solution of mathematica1 problemsg the tabulator is usually used for -

{ )

3

: : - 40009-0
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L)

fod dard after card at a rate of 6000 cards ﬁer hour, Every card stops for a moment

#rinting the rcuuitu. The pack of caédn ﬁs placed into the feed magazine in the
k \
| —{-Mame way as with_ the other described. mhm The machine. ia fod from below with

i the feeler chamber, where it is felt qy the feeler needle. “According to the

felt. information, the machine sets the coFresponding characters of the writing seg—-i

i
|

tient against the writing roll, and by todching the typing keyboard the felt informad

tion is printed on the paper roll by the rriting ribbon.

1
|
|

The tabulator is also providod with la subtracting position and a subtraction
~¢olum for the purrpose of entry. In a reversed movument of the gear of the writing
#egment to the starting position, this ngmgnt eggages with the gear of the sub-
tractor, and; deperding on theodign, tho present ﬁhd printed value is either added

‘or subtracted. On the signal "orint the [intermediate result®, the segment engaged

with the subtractor is already moving»fofuard (setting), and its end position is

‘determined by the contéht of the subtractor. Here the setting segment cancels the

content of the subtractor. After the intlermediate has bsen printed, the segment,
ih’foruard moﬁemcnt, is in engagement wit the>go;r'of the main subtractor instead
{ of with the gear of the nuilified aubtraétor, 80 that the already-printed inter-
mediate result is added to it. On the lﬂgnal "print the main sum total™, the
Wit 1ng segment in its forward movement q; in engagement with the gear of the
ototalling subtractor, which sets its conﬂent into the termlnal poaition of the

' writing segmant. After the grand total hus been printed this subtractor is can—

‘ e:eile; ‘
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CHAPTER T

- EXAMPLE OF SOLVING A TECHNICAL PROBLEH BY MACHINES FOR THE PROCESSING

PROBLEM AND GIVEN VALUES

,;1 7,1 Coordinate Table for the Production of Compressor Blades
| Only in large-scale production of conprsiior blades is the cOpying of & model
un a coordinated milling machine economical. For thiu purpose it is necessary to
"ﬂ ealculate the coordinates of a large number of points of & curve eqnidisttnt to the|
,périphery of the profile section of the blades. The squidiitant elearance from the
99 pariphery is obviously equal to the radiu- of the working tool. The coordinate 3
nystem is first selected in sich a way that the begj_nning falis in the Wentrance
n&~ ‘ccrner" of the profile and the X-axis pasaes through the Mexit corner®. Also the
daytn of the profile c, which is equal to the distance of the exit corner fron the
:: snirance corner, is at first selected aqual té 1. It is only at the end of the
caleulation that the reductisn of the sosrdinates to the required depth of the

_ profile and the transformation of the coordinatés to the given coordinate system

nre carried out.
. Let us discuss the problen of etlcul;ting for each 67 33 profiles 110 points
Qﬂ%equidiutant to the top of the pe?iphary and 110 points aquidiutant to the bottcm
1of the periphery, i.e,, a totnl of 7260 polntt. Parallel calculation of such a
%Q_%nnmber of values can be carrisd out advantagosusly with the mlchine for procesling f
& qpe*forated cards. Since the principsl part of the work i done on the calculgting
' 1. __,pe?"forltor, which, during the’ proceiiing of the valuu, parroratu in the samé card
G or in adjacent cards; a veryaro:trict-d interpolation method is selected. The re- 3
ig_.QUﬂrﬁmﬁnt that the 1nterpollti°n surve must be "smooth and net ™undulating in the
lixiu,o,r the pracisien makes us formulate a methed which is limplé vith respect
te the employment of the machines and at the sams time satisfies the roqui.red

| 15
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] pracision,

|
!
|

| 7«2 Buu for the Solution of tho Problen '
Por each prnfilu N (u 1, 2, vou 33) lrd»gis&n tha. nﬂﬁﬂriﬁ‘lwﬁllnilJI”_aummw 5_.

and Py for c.lcuhting the center line [the coordinates of 17 points x,, d * -1tua£a&

- Symetrical to the profile (n = 0, 1 ..‘? 16) for x, = 0; 0.0125; 0.025; 0.05;

040755 0,15 0,153 0s2; 0.3; cees 0.8; O 9& 0.95; 1.00 and for the depth of the

profile c* l] tabulation of the thickneuo: symetrical to the profil‘i ty and the

F8quired thickness 6f the prafile Yl thn'requirad thickneas of the jaroﬁlo ey ,~k‘

| the radius of the tool r md the pocitlon of the- profile in the givan coordinate

system wordixuting the Wentrance currner" (Xo, Y,) and the anglo y, which includes

i the joining line of the "entru.nce corner"';nd ‘the Wexit corner® with the X-axis.

The ecenter line is compossd of two ptrlbolic curves gin_n by the equations

" y= ;,. (2pe — )

Y = ,n)’a [(i — ’p) + ’m

i
1

3**;% Calevlated first ire the ardimtu of 17 points of the center line for the thiek-
3{jmms of profile c* = 1 at putting x = x, in eqs.(7.1) and (7.2), whera t.he valus Iﬂ§
38-~;gx-ees with the value of the sbscisea of the symsstrical profile. In thue 17 |
49:5 p&intl of the center 1inc , on  the noml to the center line,  laid eut in both A
fdirecuem is the distance d_ (n= 0.1, «ss, 16), which are the ordinates af of tm
tihdawental sy—étrie prorﬂc of thickness tt, rcduccd to the required thiexmcu *'m
#5 that d = n/tt‘ . ‘ S
By internelation between the 17 poinu 01’ each of the periphariu ’ ainyi
g110 points (xy, 7;) are obtained for x = 0.005; 0.0L; 0.015; «.03 0.095; 0,01y
0025 +vei 0.98; 1,005 0.02; »uu3 0.98; 0.99; 1.00. Thus the first derivation

B

54 thﬁmm ant the second derivation must be monoscillating, —The Tequired

s
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-

precision supposedly is 0.001 of the thickness of p&brile.

ARl . AN — -

.. After. carrying.nnt the reduction of. thn tnnrdinntnn with respect to the re- .

guired thickness of profile c, the correspbnding points of the equidistant curve
1aid out at a distance equal to the radius of the working &

o0l on ‘the normal to
the interpolation curve are calculated for 110 points of the periphery. FPinally

Fig.7.1 - Conter Line of the Prpfile and its Pirst Derivation

a) Left gur%é; b) Right curve
3&

«“Nthe transformation of the éoordinates to aquidiltance in the coordinate system is
-micarried out.
3&~?

§361ution

First, we select a method suitable for the solution of the problem on the

‘b&mis of our case, using the porfaratéd-cird processing machine, The individual
45. operationl are written on the in:truction cards (ses Fig.6.1).

According to the
inﬁtruction cards, we prépare a legible opcration table with indications and ex-

~ plmmntions for serving the machine and indicationn ror perforating the initial
7*‘:vnluel, indices, and constants.

i
S IR e
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K

t?hé Fundasental Values, the Ceﬁter Lines

Preparation for the Calculation of

Por the calculation we start %itﬁmﬁﬁ%”ﬁﬁﬁiﬁféh'éf the parabola

y=axr* - bx + ¢

:
¢! and with its first derivation
- o y=2ar+b. ' (7.4)

k“ First we calculatg the y! values corresponding to the abscissa x (n - 0.1, e }16):
(7.5)
and integrate the cwﬁos@ondiﬁg Yn \;'aluea according to the relatien
| Yo = v0 + 100, ST EAN )

-~ 'The center line is composed of two parabolic curves (Fig.7.1): the left curve

’ for O < x < p, and the right curve for p ; x < 1, By comparing egs.(7.1) and (7.2‘)5;
. ,

32 with eq.(7.3), we obtain for the coefficients of the left curve the values

. .
mn =t
rl‘::.:—-—-—__- ‘m Y C.l-:.ﬂ

»’
"7 Yalid (see Pig.7.1) are additionally
g =90; Yo=0;

For the coefficients of the right curve we obtain the values

Wy == — by = — A

T i— T=pr )’

Bo= P =2y, Yo=M =Yy Yo=0=1y,.

m . 2pm ( (1 —2m m) ‘
* ——

- For each profile N we perforate one main card H, with the values 2a, and by

hc_;“nésﬁnuary‘for.the calculatidn of the yé of the left curve, and the values yp,.
s'j:wiﬁea Figs.6.6 and 6.7), Further we perforate for each profile another main card Hp

STAT
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with the values 2&2, bz, yo =m=7p “and &y 0 which are neces-ary for ‘the calcuu

Llatien of the valuss of the rLghﬁ éur*e.v At the sams Lima we perforate into beth

H
t

wlimain cards of each profile the value By = tN/tt necessary for calculating the fund-

| bmental points of the periphery. In this way, we prepare 33 main cards Hy for
{ 33 profiles for calculating the left curve and 33 main cards Hy for calculating the

Always 17 cards are denoted
e (N = 169, ssey ,3),

' g gﬁd are always placed together in a set. For sach profile 17 cards are perfcrated
waﬁh the value x as well as the ordlnate d* of the fundimental symmetrical profile

w‘ﬁ@cesearv for caleulating the f'%d&mantal points 6f the periphéry (n = 0. 1,ees, 16).
20

.W.Simultaneously We prepare a get of cards '2, which i3 also compossd of 33 x 17 per—
"‘;forated cards, Perfqrated into these cards besides the number of the profile and
' - x,), in the cards with the value x_ is valid
< p, consequently, x = 0, and in the cards with the value X, with

1lwe have = = = ;
- ﬁk; i oW nave JLO p }LDQ ;
- 'ne main card Hy for the left curve it placed before the firat card of the
32_ '
~ individual profile S1 or S2. Thé main card Hy for the right curve is placed before '

— that card of the corresponding card into which is perforated the minimum value X

3ﬁ»~f&t Xy < p. The corresponding operatihg table 1 is shown in Fig.7.2.

5~1 Explanations to Table 1: Into the first column, with the heading "™athematical

Statemsnt" are entered the magnitudes perforated into the perforaated cards before

—1the beginning of the operation, and the mathemabical expressions of the operationa.
g4
-§Into the second column, entitled "Set", the sets ure éntersd which participate in

l- C) m“
~! tha corresponding operations. H denotes a set of main cards (in sur case 33 cards
45
5;~agn for the left curve and 33 cards Hj for the right curve), S1 set 1, S2 set 2, etc.
. ~ In the third column, "Operation Ne.", is entered besldes the serial number of the
.u~*1

. « operatlon also the letter D, which means that the value present on this line of the

-__-ﬂ rix-t column is perforated into the perforated card of the corresponding set before

PR
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B

with the values 212, 52, yo =@ o= yp ‘and é;r' = 0 which are neceuary for the calcu- |
+lation of the valuss of the right curve. At the sama time we perforate ints heth |
main cards of each profile ths valus = ty/ty necessary for calculating the fund- i

| amental points of thé periphery. In this way, we prepare 33 main cards Hl for
33 profiles for caleculating the left curve and 33 main cards Hy for calculating the -

i right curve, which we then file as a set of cards Sl. Always 17 cards are denoted

with the same index N corresponding to the number of the profile (¥ = 1.2, ..., 33) ,.

I

and are always placed together in & set. ' For each profile 17 cards are perferated :
i with the value X, a8 well as the ordi:\_;to_ d’r!; of the fundamental :ymatx‘ie&l profile?

. necessary for calculating the fwmda.mentalj points of the periphery (n = 0.1,..., 16) :
20

— Simultaneously we prepars a set of cards 52, which is also composed of 33 »x 17 per—
22 :

—i forated cards, Perforated into these cards besides the number of the profile and
24

'the value x, is the xmlue( -X \} tha cards with the value x, is valid

Ny

0 £ x, < p, eonsequently, X, = 0, and in the cards with the value x, with

uxnslwehavexd*pmxp. (

S0

' : The main card Hy for the left curve 1- placed befors the first card of the
32
-»o{

- individual profile S1 or S2. The main card H, for the right curve is placed before:
34,

-+ that card of the corresponding card into which is perforated the minimum value X
G

— at ¥y = po The corresponding operating table 1 is shown in Fig.7.2.

3(.-——

Explanations to Table 1: Into the first column, with the heading "Mathematical
)»«} Statemsnt", are entered the magnitudes psrforated into the perforated cards before

) — the beginning of the operation, and the mthemtlcal expressions of the operationl.
S -

— Into the second coluwn, entitled "Set®™, the sets are entered which participate in

451

4 -—‘l the corresponding operations. H denotes a set of main cards (in our case 33 cards
- ;

‘ -~: H’l for the left curve and 33 cards Hy for the right curve), S1 set 1, S2 set 2, etc.
SC2
5()‘* In the third column, "Operation No.", is entered besides the serial number of the

" operation aliso tho letter D, which means that the value present on this line of the

_.;{._,- i e v ———

first colum is perforated into the perforated card of the corresponding set before

419
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~{ Problem: Calculating the Equidistant Coordinates

of 33 Profiles

1. Center line

Table 1

Page 1 .

Mathematical Statement

()

0,575+ 0,5y, = (0519 +0.57,)

(0,515 0,57) X (= -to)= () - ()

(0.5 -+ 0.5y )&y - 1) +Uo Ui

H{ 81

OIyx 15y
R({155% <013)

025+ 717>
e 025— 1T
K({185, <193)

{03y X (18,
K({175X<03))

HY

8182

0,5% <18
K(718>x0,5)

St4
H | S2

D

04> 4205
- (045—< 14>

I
E
|22
K({215,¢225) K2t |

to9g!
| K 23 ]
S N

i .
215X (26 | 24
K((26yx (21y) |K2¢"

05>X1
K(1x<05))
H*t

D24 029

K({27>, (28))

Pig.7.2 - Uperating Table for Calculating the Center Line

120

|7
D o(24>- <23, | 28
K27
{
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ﬁ ~——

E}Eﬁ;-giginning of the operation, The mext two colwms, emtitled "Operatien Symbol®,

:rantun in the first part the symbolic expression of the correspomiing operation. . .|
|

51 means: "place main card (of set H) into set 1I" H | means: “take out main i
£

—{m‘ ds1" S1 | S2 means: Mcombine set 1 with set 2 in such a way that the nth cards

m.:lof set 2 follow the nth cards of set 1" S1 | means: "take out set 1" <O0l> x <15>
|

—means: "wultiply content of field O1 (on main card) by content of field 15 (on next

C
C

A_,.,'c:ai.'rd)i‘ﬁ K<15> X <01> means: ™verify the multiplication with the exchanged factorsi™

<02> +<17> means: "add the content of fimld 02 to the content of field 171%

N : <02> -~ <17> means: "add the contents m.th the opposite signsi® KJd8>, <19> means:
'm’:“’v‘erify agreement of content of field 18 with eontent (having the opposite sign) of
il:’j},field 19¢% In the second part of the colummn, entitled "where®, iz entered the num-

_ber of the field in which the result of the operation is to be perforated. The sym-
24
.-bol K17 means that the result is not perforated but that only "perforation correct®

is perforated sbove field 17,

3__7.1 Caleulation of Fundamental Points of the Periphery

32 4 In 17 points (xn, yn) of the center the normals are erscted. On these norm-
3¢_als, the distance dn = d¥s is laid out, where d% iz the ordinate of the symmetrical

3¢ profile of tabulated thickness ty and s = tN/tt. The coordinates of the symmetrical

3% -profile and d¥% are given in the Table with the given tabulated thickness of the
P *n i .

4C_yprofile ty. The required thickness of the profile t, is a particular datum for
47 pach profile N. Figure 7.3b shows the symmetrical profile of reduced thickness ty.
4 From Fig.7.3s it is known that

o ==ty AL Z; (7.6)

(8, )% = (Oy,)? = dﬁ
)* = (0y,) (7.8)

s = . w?
ford'xn from eq.(7:7)5 x y16y,. Thus we get

121
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-

(6.?/11)!!/'2 —}" (O.'ln)z = di [}

Oyn = d,(1 + y;2)—i .

~p

. " "'l .
1+ ¥y, -= ", and b =

-

Using the iteration equation for calculating z = W% gives

k . ~ Pt = ~2 (7010)
e == i 2?12 22z (LD — 00U 2%

a " 'where the index m belengs to the result after the rnth iteration step. The musber

B
24 ..
——

6

Fige7.3 - a) Plotting of erdinates of symmetrical profils reduced to center

line; b) Symmetrical profile rsduced to thickness ty; c) Upper periphery;

d) Lower periphery
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” | J
*Te hat
-] of iteration steps required for the ‘calculation is determined in such a way

PR ANE

| where t is selected accerding to the desired precision of the caleulation.

The coordinates of the points of the upper periphery of the profile are given
: by ths relations

"\r: = dh, ":' ().(’“ ’ }‘:, =Yg "%— ”.’l’n » (”‘ = 0. 1. ]“) y (7'13-)
. and the ccerdinated of the points of the lower periphery of the rofile by
! : ,

Xé =, - 0x,, Yie=g, -0y, (n==0.1...16). (7.12)

| conssquently,

8y, =d, . y%,, Ox,= - y;. Oy, (n=0,1 ... 16). (7.13)

LELQ The operations corresponding to Pages 1, 2, 3 of Table 2 .sre presented in

AN

_ Figﬂ«:?»hp 705, 7&60
32 5
= Explanations to Table 2: The calculation of 1 + y'n =u, is carried out with

4 _,

~4operationa 26 to 33. The verification of the raised power is carried out by calcu~

-
~-1ating 1+ qu by twe different methods and the two results are as follows:

38—

ae Uy =1+ e X Y5 = (14 ) X (1 + 5) — 2y,
- 2 ‘i
)

L In the caleulation of (1 + y'n = u"i = 7 we take as the first approximation

4"ﬂ—é()zn = 1, Inserting this inte 8q.(7.10), the first iteration step reducas to

1oy = 1,5 — O,St.;n (Oper.\h'on 37, eq. 7%)
N
"~Already after carrying out the second iteration step we ebtain in out case (where

RE

ly' < 0,2) a result accurate to 5 decimals. The third iteration step is carried out

3"

for a cemparing result. The fourth iteration step is planned for the event that

D'—,a- e e

. -5
Sf';the mschine makes an error in calculation and that 32n - o%n 1077, This fourth

1
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. Problem: Calculation of Equidistant Coordinates  Table 2
) of 33 Profiles )
2. Calenlation of Fundamental Poj_.nts of Pariphery Page 1

ls.t Ope Operation Symbol! Remarks

Mathematical Statement No. ! Cperations ! where

N1 Jt ! I~ i
IS N 12

b 13

I~ I+

RN

05 <, - Obu,
: R . N ! o . !

Ly 0Du, 43, . : ¥ . 33 I.Inrahons‘frpi

I o~ 5 - ‘ ¢
0,50, x4z, - OB8u, 1y .
- - - [ ~

050, .12, < 15, 0,50, .25

= = ~2 5 = ~2
1A - 038u, .28 = (1,5 —0,5u, . 12,)

{7 Ir- Step

L2y & o
n-’ l"n)xl“n’“zzn

S 0050,

L 18, Step

(1.n

(UNTI R

000, .57,

1.3 05, .

(15 - 05, . 425y

Periphery,p.1
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Problan Celeulation of Coordinates of 33 Profiles
2, Calculation of Fundamental Points of
Poriphery

E } Opcrahon Symbol '

Set }Dp,ﬂo.. )
| Sa D i
! 57 ‘

oPer.mon

_ l : 58 )Xl
' 59 1\(1><<21>)

80 | S24

] 81 | S1) 55

1-=d ’m, 82 | 105X 1 - s
a2t | 83 | K(1x<10)) | K51

L st | caoox <18y | 52
% 85 | K({18>X(10)) | K 52
| |es | s14 3

| 67 | 5485

2,X 2’; = dny;

\sa| 88 | cad>x1
89 | K(1X<49))

70 | S41

- ' : ' (61X (53>
dnX 2n=0Ypn K((83yX<51)) | K 54

. _ 3 52y —(B3> | 58
d""/:‘ 8 (VM‘Z") 0 i ;{)( >~—<53><)( <02\ )! A .)6

; 75 l b)¢bﬁ

76 | (')’:> L (58>
77 | - ={Bhy = )()/
| 78 \ K <61> <62
o— - . .

79 ll (-)o/— - )6)
A R, 1 S i

D81 K665, (BT ))

s A T o S T SRy E58
Ynt+ Oty Y : 43 i 50y (B
84 K({63 64

Yo ~Niin== Yﬁ

Figs7.5 - Operation Table for Calculating Fundamental Peinte of Periphery, Page 2

STAT
125 _ »
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Problem: Celeuletion of Equidistant Coordinates of Table 2
33 Profiles Page 3
2. Caleulation of Pundamental Points of Periphery

grati pol
. op. Operation Symb Rermarks
Hashematical Statement Set | o Operation

P

S8 S+7

LY RS

i
K(1X<81))

]
i

(83>x 1
K(1X (83))

Sé ¢

56 5—17

{86>X1
R(1X ¢66))

(68yX 1
K(1x(88))

=

sé t

S7==(84-7) -+
+{§—T)

X1 T .
Opcrahm

K(1X<75)) Card ta cavd

in Suceession

T18Hx 1 T

K(1x (76))

(78y—<17)
—18) +<T7>
K(19), <10}

_y —AY, (78578}
Fari - (78 +(78)
K11, (72))

| AY, :AX, =Y, 441 7L : {79 73
K13y 18)) | K13

<. i Pigs7.6 - Operation Table for Calculating Fundamental Points of Psriphery,

o

126
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0. < s o R —
~ iteration step usually furnishes the accurate value.

~. . The symbol S6| S + 7 meana that set 6 is combined with set (+ 7), 1.e., with

< ,;,‘.1
_'set 7 for the upper (+) periphery, in such a way that the nth card of set 6 follows
_ithe (n - 1)th card of set (+ 7).
SR
b

The symbol 77! in the column "where" means tield No.77 on the next card of the
_ same set.
The symbol T in the column "remarks™ means: "print the result with the tabula-

.. tor®

‘~;;7e5 Interpolation Method

In the formulation of the interpolation method, the following was taken into

27 consideration: 2) The large number of interpolated values (7260 investigated points),
Q:V{b) The time required for carrying cut the interpolation, ¢) The required precision

o of 0.001 of the thickness of the profile o, d) The requirement that the interpola-

tion ecurve must have a continuous first dsrivation, e) The requirement of a "™nomun-

0 dulating® interpolation curve. !

32 With the formulated method, most of the operations are carried out for the

i
i

3;:;preparatory calculation of the interpclation coefficients on 17 cards for each

3 periphery, and hence a total of 66 X 17 = 1122 cards for one set. The actual in-

3.  terpolation on 66 x 110 = 7240 cards containe a minimal number of operations. In

4i:_this way not enly a saving of cards, but especially a considerable saving in time
" ’'is obtained.
The basis of the methoed is the interpolation of a parabolic curve. What is

1%_ here esgentially concerned is linear interpolation of a "derivation line®™. The

.. interpolation parabolic curve is calculated by integration of the "derivation line®,

e With the 17 points of the periphery (X, Yn) (ses Pig.7.7a), we calculate

<. their 16 first proportional differences
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Y ’ — Yn+1 - -Yn

nnel TV 2B
“Apdr T -Xn’.

{»thich Wi aésign to the abscissa Xn-l,n+l = % (xn,n+l) for n = 0ul, ces, 15 (see

M}Fig.7.7b). From these 16 first proportiorial differences we calculated 15 second

AiﬁWGportion&l differences

)I Y’

Y’ nn+l n-1n
n-1n+1 X X 3
ny,n+1 n—1,1n

‘_Ewhich we agssign to the abscissas X . . (X“ 0+l + Xn n+l) (sse Fige7.7c)e

l T

From these second proportional differences we form the differences from which

l:;ﬂe select the minimal differences. In Fig.7.7c the minimal difference is Yg S_Yg L

l Wh join these pointe of minimel difference and we follow a continuous line in both

:-;:pointa (x

 direetions in the Mgecond derivation" (Fig.7.7c). This line comprises the abscissas

. which pass through the points of the second proportional differences X, 1 .7
»

’Xgnl,n+1) denoted by smsll circles.
With the individual abscissas we obtain by integration in the "first deriv
' the parabolic curve (dashed curve in Fig.7.7b), which we join together in the

¥ 3 .
n,mtl? Yn,n+l)’ and have in these points a common tangent. However, this
-parabolic curve, the w18Y derivation®™, is not used for further caleulation. Instead,

-.We use the above-mentioned common tangent, which intersects in the points of the

[ pe——

. -abscissas xn—l n+l° This segment of the tangent forms a continuous line. Then by
. n-1,
. .integration we obtain the interpolation parabolic curve joined together in the

Ibcints (X, X)) (Fig.7.78).

— In Fig.7.7, for the sake of legibility, the points are denoted by their ordin-

-.“ﬁtes; The points belonging to the tangent are therefore denoted by their index.

_# The precise calculation of the value Yg-h is not presented, because it is unessen-

' tial for this case and would make the explanation too complicated

128
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s i

. 0 m ) e el - - . W e e emee e PR P . ————a s e me wm e - ,,‘
e given as the result of the PPPsssding opera-~

' oo ,
~iThe points denoted by small circles ar

":ztion (Yn), or are calculated as the first or the second proportional difference.

vi

Xuol’ —"’!""“ K (ne0,1,. .-, 48
x‘_' F:xﬁké_gﬂ’-' foer2, .. - ,48)

/
#

WY

G

-‘f"ll'

»

Fig.7.7 - a) Interpolaticn Curve, b) Its First Derivation, ¢) Its

Second Derivation
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The points denoted in Fig.7. 7c by small squares were calculated by starting

with the least difference Yg 5 = e 2.4° The point Yg.h denoted by solld square is

given by the exprsssion

Yo, 3Ty + Y50

The points to the left of this point were calculated in succession dccording
Atvto the relatiens
Yz,3 = 2ng4 — Yg,« ’

” ” ”
Y1)=2y13~—y2’3,
¥

Yoo =2Yp, — Y7,

. _ the points to the right according to the relations
5

4 o
*'2}35 “‘)35
-~ wy i -y

= AIGG - 140
ete

The dashed line in Fig.7.7¢ is the 1% derivatien of the parabolic curve, also
. douctqd by a dashed line in Fig.7.7b. The solid abscissas in Fig.7.7¢c are the 18%
“..—derivations of the tangent to the parabolic curve of Fige7.7b. This tangent is

€"«—;;also a solid line, and is the 1%% derivation of the parabolic curve, shown as a
—
“"—golid line in Fig.7.7a.
: Figure 7.7c shows that the area §Y) = Y“ (Xi - Xl 2) and Pig.7.7b shows that

the eros £ Y, = %(!’ - Y{) (Xi Xl) Also valld are
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Yie=Yia =AY, =Y}, + ¥YIX, — X, ,)
Y:; - Y;,l -+ Yf,a(Xx - Xl,z)
Yi+ ¥, = 21y -+ Y1 X, + X, — 2K, ) A

-_‘md since 1102 = é-(xl + 12)

1 Vi +Yi= 2|, — Yia(X, — ‘Xi) .

. o iThe interpclated value 1’1 fer 11 < Xi < X2 is therefore given by the relation

Vi=Y,+ AV, =Y, + 42V}, — Y1,(X, — X)]. (X, — X,).  (7.18)

The operations corresponding to pages 1, 2, 3 of Table 3 are presented in
29 Figs.7.8, 7.9, 7.10.

oy s
A

- Explanations to Operation Table 3

Ny

By transferring the value Yg’ o+l frgm card n to the next card n + 1 (opera-
- tien 118), we get the value Xé_l,n’ ies., with an index lowsr by unity. The result
- of opsratien 142 is §arfcrated simultaneéusly into fields 96 and 97 (this value
7 correspends to the point represented by a solid square in Fig.7.7¢. The value in
; field 96 is used for carrying out the polygonal segment in the ond derivation
T (dashod lines in Fig.7.7¢) and the value in field 97 serves for verifying the cal-
ST culation of the cemplementary number. The symbol S9m means: *Make up a set con~
—- sisting enly of the cards containing the minimum value of 2AY" from each of the
N peripheries®. The symbel <90> -~ <96%*> means: "from the content of field 90 sub-
fi tract the content of fisld 96 of the preceding (*) card of the same aetf™ The
.. f symbol S10 makes referencs to the set of main cards (.). TiL.s means that, bsfors
. beginring operation 179, the perforator must perforate into the cards of set 10,
. which have so far been mrocessed as ordinary cards, the psrforation of the main
E cards. This is the reason for entering on the last line of Table 3, Page 2 the

- sysmbol D ... H, which means: "after carrying out operation No.178, perforate the

STAT

131
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>

0. .
.Problem: Calculation of Equidistant Coerdinates of 33 Profiles
e 3. Interpolation

stat " Opanﬂon Symbol \
atica atemen ‘ e = a
Mathematical Set  |lop Na.i OP"‘“on - i“’""“' i

ss| 13! NIy S8 1

- : W
K(lx(?S/) _. K 80 ;

| camxi 81
R(IX<79,) K us |

w74

Y (8{‘)‘/! . 82" ) raé;dn
K(lx "\305) K 82 w}:‘efh card om

- T, et sard of
(8!))(1 « - 83 {lsawme s

121 K(x <85>)

Yiaw | 122 (80> <(82)
123 | - (80> 1-(82
128 | K({84). (85))

e

£ T

AX,+AX, 1= 2N X pim) 125 | <813 + (83>
‘ 126 | -—(81)>-—(83,
127 | 86>, (8T))

s = e

(Y'mn+1 - lﬂ) 2( B+ 1 *{n—l.n)"’ 128 | <84) : (88)
=0, 5Yﬂ“1 Y 129 I&((SB)X(SG))

T e T T T 2o e e ST . TR N

59 | 130 ] S350

0,5-YZ~1,n+1><4*“3Y;-1,n+1 138 131 (ss)x4 : “"’l
! 132 | K(4X<{88; ) ‘h 90¢

B ETaa i g

el Bt L or Lt

135 | K(1X<%0)) i\ M *,zam caf

2¥) 41 2Yﬁ 2= 207" 136 | <90>—<¢91> 92 |
137 | —<90(+<¢81y = 983
138 | K((92).<9%)) K92

2r” 4277, =4V m | 138 (90>J-<91> Lot .
n-1,a+1 a-sn g 1n 140 | —<805—-4015 i 95 3::::::" only
141 | K(94), (95)) K 94

containin 2

2y

a-2n

Pick out
2AY”" = min.

X025=Y1_, | - 142 | (%025 196.97] 21VL %)
1431 K(0,20X <94%)) Kaom

4y?

w-1,n

i * Set 9 is divided into two partial sets! Partial zet G containing the cards
5 -with indices 0, 1, 2 ... to indices with less than the cards containing the value

Y" are arranged in descending order. Partial set 9 containing the remaining
min

_ cards with the cards containing the value ?AY;in are left in ascending order.

_Operaticns 139-143 are carried out only on the cards containing %Y;in (S%m) «

Fig.7.8 -~ Operation Table for Interpolation, Page 1
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" Problem:

2)'

Y'

n-in+l

L33, B

Caleulation of Equidistant Coordinates of 33 Profiles

3. Interpelatien

————— e e

Mathematical Sfatement

YA'

mnil

11X 0,88X 0,87

V’

< Am il

—~O 5Y*

LT 5

e
‘ 7 --n,

LYC RS S

AX -y,

LAX

i

Saf

Operation

nsui"? i, S

!
||. i

!San! 145

i

Sq

146
147

'14é |
149

|A\9m

!
| 59

S0

50
i51

q)2

| 154

|59

l
L

;SB

155
156

2 | K986y, (9T))
s

(90> 96*N
—¢90% = (9T*
K96, <<m) ;

SOm ’]‘

Som | S9

le\_ /nﬁt} »

(01 +(97* )
K

Opcn#mn 3ymbol

where |

07

96
97
96

Tabls 3
Page 2

| Remarks

Operation

slong peck of cards

Opsvation
along paek ef cards

Re.arrange cards dccordlng fo n

SQU. SlO

1% <96
K(98yx 1)

S

158

157 |

501

S8 | 810

L 100
| K100

15¢
160

0,5% <815
K({81>x 0,5)

161
168

1X(80)
K(K80yx 1)

. 163

98 4

164
165

<100y X (101>
K({101{X >100)

168
187
188

<102>-—(10%>
—( 102> +<103>
K(<108), <108)) |

188

87} 810

170
171

IX T
KKTHyX 1)

K103

104
108

K104

105

K105

172
173

1% (75>
K(785X 1)

174
175

1x (78
K(78>X 1)

176

571

177
| 178

1% (1055

K(/IO"\ X )

107

LK107

108

?Alos

109

B! 0Ho

VAR

D

1

H

Fig.7.9 - Operation Table for Interpolation, Page 2
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Problem: Calculation of Equidistant Coordinates of 33 Profiles g:l;ie;
3, Interpolation ‘

‘ 1 | Operation Symbel i Qemarks 'l
mMathematical Statement Set OB

| Operation ‘Wheve

ot X; wuiny
N b . 0,005;
179 NS0 NI 0,01 0.015; . l
‘ ' Lo S L 098 .
Sl e m_}"m i |
' P 181 R4 S LT ST RUSE
182 m\m,.- ) K1

3 1005 11T 2
84 A(C lll,x HEVISK 1{1121;

(i '
w5 2 o0 113
: lﬁﬁ‘h(fl()z))\.é) K1ty

187 | 1 Q04 4!
88 | K104 XD K14
' 589\ .s‘uM
4 (.\'> ¥ um zua, 118, 16
no+l 2.+l ” . | ]{DI ) ll3>+<“° !l??

182 - K( am, \u, ) K16,

s /036, <Il4 18
TTRINEG I TR RS I Sy
o5 | K(118, (1183) - K118,

ol 125"

Si2 |
| 186 | S11 | N2

P, - " - : : ‘ ]2("
P -.\" :2 A‘?iﬂ }97 ”.5)({316/ .
A Kﬁ'rg aH i ! 188 | K(/‘l“\ < 0.5) | K120

|
|
|

1

BT :sn 4 ‘_

wiéﬂ‘mg MGL& )

N10i 201 | <125)- /100y
202 t =725 - {1u
;zo:si A(/m L 4122)

l

1 204 l /IU&
'203 K(7104, X D

;.mi s’](m

o " . 221\
' (X, X, )1)< | 207 | <120/></
._11,:(1;(4.\1 _};)n)m-vl nrl {2081 K< 12]\\/(/12” )

- ; .| 208 /124)~-' l).l‘ ;
[y, u-(n\jl - ?’;:,‘u}tp*—;n 1” 2210\ 123 (123,
S L2110 | K126, 1275)

Figs7+10 - Operation Table for Interpolation, Page 3
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;' perforation of the main cards into the cards of set 10§W

?i; 7¢6 Final Calculation

The calculated interpolation point (x5, Yj) plotted against the value cy/c* 1s

perforated into N main cards. The next

step is the reduction of the peripheral
coordinates of the profile having the

depth c* = 1 to the required depth cy

The plotting of the equidistant curve in
the distance of the radius r of the work-
ing tool is carried out in the same way
as the plotting of the profile on the

center line. The transformation of the

equidistant coordinates to the given

?Z' ' coordinate system occurs with the help of
éy,

the main cards, into which have 2lready
//{/ tod Noow N
Y J~3§ been perforated the values Xo’ Yo 8in Y ,

JX N s . o~ 2% "
Y] cos Y o (N is the number of profiles:

N
Xo, YN are the coordinates of the entrance
Fig.7.11 - Interpolation Line and its °

st

Hnd corner of the profile in the selected
1" and - Derivations about the

N
coordinate system, and y is the angle
Point (Xn,Yn)

betwsen the jeining line of the entrance

'+- corner and the exit corner of ‘the profile and the X axis of the selected coordinate

u-system)

:i; 7.7 Error of the Buployed Interpolation Method

H The errors occurring with this interpolation method are of two kinds. The one
'k' is due to the fact that the abscissas X are not equidistant, which is due to
;-l the fact that X 1, ntl # X . Figure 7.11 shows a segment of the interpolation

STAT
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L . . - - - . w e .
1ine about the point (X Yn) and its first and second derivations. The two inter-'

i

_polation curves do not have a common tangent in the peint (Xn, Yn)., The_directions

t

ik

i
H

of the two tangents differ by 5'Y;. The tangent of the prolonged left parabolic

; eurve in the point of the absacissa Xn—l,ﬁ+l is parallel with the tingent of the
'f right curve in the same abscissa. The absolute value of the difference between the
. ordinates of the two points is denoted 6Yﬁ, and we regard this error as due to the
fact that Xn # x‘n—l,b+l'

The Figure shows that

(SY, 6“;:‘ n nri Y: . D ia)vni . EAY” 1

n—i.n,
and that
10Y 1. |0X,] = 1(6X,)* . 14T,

| n—lni *

With regard to the indexing of the coordinates and the differance

()‘\_ w T ‘\ o 1\- . /J 4\ b 1 ‘\A'J!_“ .

(e ] [ s TEmmE
4

"niwe got the same values as listed in the Table of Fig.7.12.
| Figure 7.12 gives the fundamental values of the center line and the upper
- periphery of the profile N =1. The columns 1 and 10 contain the indices of the
_ fuhdamental points, columns 2 and L the coordinates of the center line, and col-
.~ umhs 5 and 7 the coordinates of the upper periphery. Colum & contains the first
= proportional differences, column 9 the two—fold second proportiecnal differences,
" and eolwmn 11 the calculated fsecond derivation™ of the interpolation curve in

-~fthe interval (Xn’ ). Column 12 contaains the differences (AY" ~1,n = Y;,n+l -

—_— Y" ), column 13 the second differences (AAX = AX - AX ), column 14

withe values (6X, )2 . 1O8 = A(A X1 } » 10° and column 15 the corresponding

 ertors 65Y o
s n

i

The greatest errors occur where the intervals between abscissas of the center

STAT
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0... o -
ni line about the point (X X ) and its first and second “derivations. The two inter—‘
Zad

-J..pﬁhtion curves do not have a common tangent in the point ‘(.Xn, Yn). The_ directions.

i -«‘
-J of the two tangents differ by 6!' The tangent of the prolonged left parabolic

—i curve in the point of the abscissa X _ 1, n+1 is parallel with the tangent of the

ﬂ% right curve in the same abscissa. The absolute value of the difference between the !
f ordinates of the two points is denoted 6'Yn, and we regard this error as due to the-
fact that Xn # Xn—l,b'*rl’

The Figure shews that
AV, = 0X,[ ¥y, Yo, = |oY,|.|AY,

r~lon. T 18,

" and that

Y R )

. With rsgard te the indexing of the cosrdinates and the difference

‘\' == \n—t net 77 ‘Yn = AJX e 17'1’"\;'71—"1 .

4
s az listed in the Table of Fig.7.12.
’ Figure 7.12 gives the fundamental values of the center line and the upper
Q.»; periphery of the profile N = 1. The columns 1 and 10 eontain the indices of the
>;?fundamantal peints, columns 2 and 4 the coordinates of the center line, and cel-
;Iuﬁns 5 and 7 the coordinates of the uppef periphery. Column 8 contains the first
prOpertional differences, column 9 the two-fold second proportional differences,
, : and column 11 the ealculated "second derivation® of the interpolation curve in
ﬁa;‘ the interval (Xn, o Column 12 contains the differences (AY™ = YN -~

n-l,n n,n+l
, column 14

J/:__J

— - X" ), eolunn 13 the second differsnces (Azx = AX - AX )

~ﬁ the v&lues (6X )2 . 10 1(A s 1) * 10° and eolumn 15 the corresponding

l
i errors 61’ .
D

Tha greatest errors occur where the intervals between abscissas s the center
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;-

Ly

o

~m

i
U U S

3

oo JEN J~ T - 2 &

S
O

ran
Vi ]

-hixi& are doubled, i.e., in points 2, 5, and 7, or halved, i.e., in point 14. Alse

0,000 000
0,012 500
0,025 000
0,030 000
0,075 000
10,100 000
10,150 000
10,200 000
0,300 000
19,400 000
0,500 00
0,600 000
0,700 000
{0,800 000

10,900 000] .

]0,950 000

0,000 000 | 0,000 000
0,003 785 | 0,008 131
0,007 464 | 0,018 909
0,014 502 | 0,041 981

ever, the error does not reach sven l/lOvof the permissible.

~ sible error in this problem is 1-3 decimals).

0,008 131
0,010778
0,023 072
0,023 866

~l-in peint 1 occurs a. considerable error dus to the fact that ,AY(!)

0,000 000 ‘
0,018 421 |
0,028 470 |
0,043 879 |

2,265 52 1
0,932 36 1
0,667 8() !
0,544 741

0,021 113
0,027 298
0,038 338
0,047 772
0,061 -l.’.l
0,008 246
0,068 524

0,041 118
0,022 844
0,011 993

0,063 961
0,054 824

0,065 847
0,090 185
0,139 023
0,190 567
0,243 590
0,307 T84

0,501 444!
0,603 985 |
0,705 653
0,806 03",

U,‘JU‘} Bii.

0,953 435 |
1,001 583

0,024 328
0,049 738
0,050 644
0,103 623
0,104 194
0,103 660
0.102 541
0,101 668

0,100 386 1
0,098 772

s

3,048 044

0,048 128

0,056 880 (‘
0,068 391
0,087611 =
0,103 067 ,
0,124 046 i
0,133 ’(N

p0022 121
0.104 'i";l
0,078 xsu‘

n Q@
Uy, U‘fl) u‘l’i !

0,027 118,

0,131 801, ‘ :

0,472 96 |
0,386 42 |
0,305 18"
0,208 63 |
0,087 93

0,013 58

-0,004 40

- 017505 i
-0,253 36

~0,330 47

309 24

T UL 0 .-

-1)4;’4:

0,000 001 ; |

[ e ol
- R

LTRSSV AER =S

D02 647 |
0,012 294
13,000 794 1
0,000 462 |
0,025 410
0,000 906 |
0,052379 |
4,001 171!
0,000 534
{0,001 119"
~0,000873
-—0,001 2821
[ —0,061 64"
0,050 1281
ALO00 516

[

0,008 304,

14

SIS

o] D

1

' i
S 0,000 052,

0,.000078
0,000 0600

0,000 006 ;

£ 0,000 000
¢ 0,000 000
10,000 047
1 0,000 60O
10,000 000
£0,000 000
0,000 000
. 0,060 000
| 0,000 000
0,000 011

000 llll()

0,004 142
0,000 147
0,000 618 |
0,000 641
0,002 6353
0,002714
0,002 6886
0,002 629
0,002 584
6,002 519

[ 0.002 430 |
| 0,000 592
0,000 579

£.65
1,40
1,40
0,58
0,56
0,43
0,43
0,04
4,03
U,04)
0,16
0,24
[T S

i

2R2015 96!

- 3L,255 5 i);_i

- 10,492 12,

5,956 32
4.67200]
3,287 mi
2,643 56 !
2935801
1,953 48
1,567 76

0,000 33
0,000 10
0,000 43
0,000 18!
0,00074;

10,000 58

£0,000 58

L0000 05

: 0,000 04
0,000 01!

F0,000 20
f0,000 07
DT,

1 is large.  Hew-.
(The maximal permis-

Fig.7.12 ~ Values for Center Line and Upper Periphery of the Profile N=l.
Values for Estimating the Error

a) Center line; b) Upper periphery
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The 's>econd source of”;rrorv in the éirCumstance iws that.Y" véséﬂ' ia‘ tesmt;d;ﬂ‘;-»"' ,
.. ately (see, for example, Fig.7.12, columms 11 and 12). In this case the absclute

! value of the error may be determined by estimation. The formmla for the interpola~

) ..} tion of the ordinate Y; according to eq.(7.14) is

{

‘;b

Y, = Y, - "%[2Y:a.u+1 - Y:m+l(xn*l i)l - (“.\v" < Xa) . (7.15)

Xﬂ \/; Xi..{—-_;Xnel'

The ordinates of the peints Y and the directions of the joining lines be-
y4... tween adjacent points ¥ .,y are given in advance (n=0, 1, 2 oes, 16)s The
5
7 absolute error due to the oscillation of " is dencted by 6*Yi. If Y, i1 differs
»

frém the correct value by 5Y§,n+1’ then it follows from &q.(7.15) that

MY, = 'HéY:,uH(XnH — X)) . (X; — Xn)i .

Puttingxn+l='%*AXn and X§ - .‘(ﬂ’mA)Ln for o < m ¢ 1 gives
6*Y; = }oY, pq| - (L —m).m . (AX)*.

- In the interval (X, X ) it is cbvious that & ¥, is the maximum
PR
 — for m = 4. Therefore

O"F e = H|0¥ ] - (A, )74 . (7.16)

Assuming that the correct value of Y" lies somewhere betwsen the caleulated

*

ad s 1
- values of Yg,rﬂl and the adjacent value, e.g., Y;m',n-l,n or Y:}+l,n+2° Thus we

—- have 6Yx'1' ntl < AY® or &IV < AYT From this it follows that
Lol ]

n~n,n n,n+l n,n-1°

SV < MAX. )2 Max ([AYi_y )5 14Ye, ) =4.

Tabulated in Fig.7.12 are: in column 16 for individual points the correspond-

l

} | ing values of (A}{n)z/h, in eolumn 17 the larger of the two values l AY; 1n
O it |
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e, P .

n+1l and in column 18 the values of A on the righf'ﬁfﬁﬁ’bf {he
»

. ties, which are smaller than the maximal permissible error 0.,00lc (¢ = 1). The

! main cause of the oscillating of the second derivation of the profile periphery is '

the circumstance that the symmetrical profile (which is plotted on the center line),

i on the basis of the tabulated data, already has oscillation of the second deriva-

\_ﬁion of the second periphery in the interval of the required precision.

The entire caleulation is carried out on the full number of places (7 digits),

because the operational speed of the machine is independent of the number of places

“; of the processed numbers, and to prevent any influence of the error due to the

accunulation of rounded errors on the result for the required number of places.
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MIABQRATQBXMOFVHAIHEMATICAL.MAQHIEE§4MQZEQHOSLQVAK.AGADEMY OF SCIENCES .. _ .
SYMPOSTUM I.

Mathematical Machines

The first part of the Sympesium contains results of the research in numerical

 ;: caleulation mcthods suitable for solntion of problems on the Czechoslovak auﬁéﬁatic

P samputer SAPO, Coding and a symbolism sultable to formulate instructions for the

; machine are explained.

In this part of the Symposium a method is deseribed how to form detailed in-
structions (the programming) for the macgine in accordance with a given problem.
The use of the method 1s‘illuntrated by several examples.

Chapter I. describes the general ehgracter of a modarn automstic computer.

. (lassical methods of numerical calculus are compared with methods suitable for an

- automatic computer. The pessibility of ﬁ&thematlcal experiments is pointed out.

Basic concepts of automatic conputing, including terms as instruction, ad-

E dress, operation, word, flow sign, are described, and the concept of the instruc-
3m{ tion net as well. The suitability of symbolism jntroduced to simplify the develop~
'-; ment of instruction nets js illustrated ﬁy a simple example.

A simplified diagram of the Czechoslovak automatic computer is included, with
“~E a description of its principal parts.

Chapter 2. In the first part of this ChApter the coding of data for the

% Czechoslovak autamatic computer is described first from a general point of view.

A detailed study of the coding follows, demonstrating the possibility to

1'~; sxpress numbers given either in binary or in decimal form. The numerical capacity .

:‘": of the machine is indicated.

The part which follows deals with instruction ceding, i.e., with the transla-

‘... tion-of -ordsrs into proper symbols. A complete list of the operational code is
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S _ —-

.| ineluded. Individual Operation aymbols, ﬁhoir importance and mutual relations are

. y

o

.ngiiacussadA,woparatiuna of a more camplicmtad character are illustrated by examples.
(Z
A 1ist of basic operations which is attached should serve as a guide for the .
': pfeparation of instruection nets. v ST

Chapter 3. introduces a procedure in designing an instruction net: selecting

";E a numerical method, designing the instruction net in a general form, finishing the

" instruetion net in detail. It shows how to £ill up blanks used to design the in-
. struction net in its general form and blanks for its detailed form.
f? is concluded by a simple example illustrating the proc cedure dsscribed.
Chapter L. presents an example of designing the instruction net for ray trscing
: through a centered optical system. The ﬁay'traeing represents the most important
o snd laborious part of computations requifed to reduce sberrations of an optical
. sysfem by means of variations of its parameters. The usual practice up to now con—
fined the computation to paraxial rays as the tracing of skew rays was too labori-
. ous even with a table calculator. An ithruction net for the computation of 168
;:rays has been designed, most of the rays %eing skew to the optical axis.
First the geometrical analysis of the problem is carried out and the way is
\: i déseribed how to choose the starting poimts of rays and directions of these at
| - the point of entry in the optical system. Remarks about some restraining physical
. conditions are includsd together with explanations how to meodify the ugual numeri-
ical calculating procedure to make it suitable for the automatic computer. The
‘;é Chapter concludes with the detailed description of the instruction net and with
;>ifexplanation of the role of individual instruction blocks. The net is illustrated
; “ i by a flow diagram.
: Chapter 5 ie a demonstration of solving of differential equations with the
.:; automatic computer. The purpose of the Chapter is to show special devices which
% may be used when planning instruction nets for an automatic computing machine.

As an illustration a very simple example has been chosen in order that the

13

5 ca e el
i~ SR NG 2 A L R b S i S 58 L 8RS e e s 2 e e R Lt S

Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0



Declassified in Part - Sanitized Copy Approved for Release 2012/12/11 : CIA-RDP81-01043R001300040009-0

O R

)

~{ sssential princtples wouldhnot be hidden bj the complexity of the problem. To

o~
1

.mf,!ﬁlVﬂ it, however, a more complicated method is used an purpose, one that can he

- applisd even to a very complex systems of differential equations.

The solution of the equation
Pyx) + F()

‘ “L is worked ocut by the Runge-Kutta method (PB(x) is a pelynom of third &egree and
R F(t) is a rational function), the initial condition being x = Xgs fﬁ?—- vo;
C for t = toe Such a method has been chossn because it is homogenaous (an example
of a nonhomogeneous method is for inastance, the Adams method, which requires quite
f & different kind of computation at the béginning than at the l@ter stages of the
: o Irocess) and because the number of interﬁediate results is comparatively small;
 ¥ both these facts allow to get the solution of comparatively complex problems with
;’ a low storage requirement. Thanks to these ¢ircumstances the method can be eonsid~
¢red as well-suited for an automatic computer, V
Instruction nets for quite complex éystemz of differential equations can be
;;: prepared by & generalization of the procedure. The time needed to accomplish
. 50 Runge-Kutta steps is estimated for the problem under consideration.
The second part of the Symposium deals with the use of Czeehoslovak punched
- card machines for numerical solutions of mathematical
Chapter 6. The first paragraphs describe punched cards with the symbolism
-~; used to express instructions for the working procedure and explain manipulations
- with punched cards and operations with numbers that occur most frequently. In
f the remaining péragraphs some punched card machines are briefly deseribed: the

. punch, the sorting mschine, the tabulater, and the calculating punch. vhich adds,

. > subtracts, multiplies and divides with respect to signs,

Chapter 7. A practical engineering problem has been solved with punched ‘eard

; maﬁhlnerv, Coordinates of points outlining 33 eross sections of turbocompressor

- STAT .

M2
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e e
e —_

~1 blades ha
- ve been computed as well as coordinates of points belonging to curves ?

{
H
'

, ..?.;ha_nidiai;ani“ te those cross sections to.facilitate the manufacture of blades.on a .
_? milling machine, |

[

- Inthnt ’ | D D
o] 8 Chapter only a part of the vhole problem is presented especiﬂi{ a .

~{ #uitable inter : ’
N , nterpolation method giving the required accuracy, Operation tables are

given sxpressing instructions for the procedure,

1.

In the ]
he last paragraph some estimates of errors in computation are discussed
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