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CHAPTER I
INTRODUCTION

The advent of the electronic digitall computer has produced an
unparalleled impact upon our society. Fach year finds huﬁdreds of
entirely new computer applications. Many are referring to this new
era as the "Age of Automation." As highly complex electronic computers
replace semi-skilled workers, economistsg and philosophers busy them-
selves with long-range predictions and new sociél theories. (1).

Without competing with professional prophets, it seems safe fb
assume that electronic digital computersg are to become_commonplace
within a relatively short time. Bookkeeping applications in the fields
of banking ag@ insurance are among tﬁe never uses of the digital com-
puter{ However, it appears that modern |computer advancement has been
directed almost exclusively toward largx-scéle applications. There
are myriads of potential small-scale computer applications which invite
exploration. One of ‘the most noteworthy of these is the general area
of desk calculaters.

Electro-mechanical desk calculators are available in a wide
ﬁariéty of types having several degrees|of capability. These range
from £he simplest adding machine to-vér§atile machines which perform
the bésic arithmetic operations of addition, subtraction, multiplication,
and division. Among the advantages to De derived from the electronic

counterparts of these calculators would|be reduction in size, silent

1




opgration; aﬁd provision for easy maintenance through the use of plug-
in component cérds. - Also, the electronic | version woula perhaps better
lend itself to mass ﬁroductionmby aﬁtomatlc-means than does the mechan-
ical calculator.

The(purpdse of this ‘thesis is to demonstrate thetapplication of
1electronic digital computer_techniques'to the desk calculator. It was
desirable to formulate the desigﬁ‘criteri% for a wseful machine, to
evolve the logical design of this machine, and to build a working
‘model that would attest to the validity of the logic employed.

The circuits employed in the model did not result from long,
laborious calculations. These circuits have been designed by rule-of-
thumb technigues. This procedure was adeguate for verifying the logical
design. They are not elegant circuits, neither do they pretend to be.
Of course, were this machine to be considared on a commercial basis, it
would be desirable to cafefully redesign the circuits. It was felt
thatithis approach would be best in keepiﬂg with the stated purpose of
the thesis and would aid in sufficiently limiting the scope of the

thesis.




CHAPTER IT

DESIGN CRITER|

With the stated purpose of the thesi

design of such a machine should begin by :

ties 1t should incorporate.
thesis, it was decided that the singular
should be that of addition. It was furth

tion, the machine should be made as simpl

added were to be entered from a ten-key k

control keys were to be held to a minimuml.

Operation was to be acgumUlative; that is
answer glven by adding thé new entry to t
output data»were to be decimal in form.
that the machine would have a capacity of
The choice of some variation of the
ally an automatic one, for the design of
‘This is because logic performed on radix
itself to mechanization than for other ra

particularly atiractive when it is desirs

tors, or "flip-flops", as storage devicesg.

flip-flop may be made to correspond to th
nunber system. Another important aspect
the logic may be analyzed through the use

2
J

In an attemp

TA

e

5 in mind, it follows that the
n decision as to what capabili-
L to limit the scope of the
capability of this machine

ey decided that, in its opera-

)

g

as possible. Numbers to be

eyboard. Any additional

The readout was to be visual.
, each new sum was to be the

he previous sum. All input and
For this design, it was decided
four decimal digits.

binary number systeﬁ is virtu-
an electronic digital computer.
two numbers more easily lends
dices. The cholice becomes

ble to use bistable multivibra-
The two stable states of a

e O and the 1 of the binsry

of the radix two choice is that

of Boolean algebra. (2).




If the arithmetic operations are ©o
the reguiremént that input and output dat
the need for two converters.. One convert
Trom decimal input to binary, and another
decimal output.

‘Let it be supposed that two numbers

verted to their binary equivalents and ad

the addition of 3275 and 5423. In writin

these numbers, & short table of powers of

20 = 1
2l = 2
22 = .}
23 = 8
ot = 15
22‘= 32
2 F 6l

two is

LA S I N I S T A ]

helpful. (2).

128
256
512
1024
2048
4096
8192

&

be performed on binary numbers,
5, be decimal in form predicates
er will be required to convert

for converting from binary to

to be added are merely con-
As an example, consider

g the binary equivalents of

Synthesizing the number 3275 from this table by adding powers of two

il ... 2048
210 - 102k
27 =--= 128

26 .- 6l
23 ame- 8
21 e 2
20 eme- 1

sum 3275

Then, in binary form, the number 3275 is

(1) (o) (9 (&) (1) (6) (5)
1 1 0 0 1 1 0

Similarly, the number 5423 is converted 4

22 .. Loos
210 ____ 1024
28 . 256
22 ---m 32
23 e 8
22 e}
ol . 2
20 .. 1

sum 542

w

(&) (3) (2)
0 1

0

o binary

(1) (o)
1 1



(12) (11) (20) (9) (8) (1) (&) (5) () (3) (2) (1) (o)
1 0 1 0 1 0 0 1 0 1 l 1 ;h

Then, the binary addition to be performed is
3275 =---- 110011001011

5423  ~w-- 1010100101111
sum 8698 =-w- 10000111111010

This example indicates that 14 binary digits are reguired to represent
the largést numbers in four decimal digitis; specifically, those numbers
greater than 213 or 8192. The input decimal-to-binary converter would,
therefore, require 40 iﬁpgt lines, 10 for each digit, and 14 output lines.
The Qgtput converter might require 28 input lines, two for each order,
and 40 output lines. If parallel addition were used, there would be re-
quired a bank of 14 binary adders. For serial addition, a series of 1k
‘additions would be required. (2).
‘The preceding exampie is indicative [of the cumbersome nature of
adding large numbers in the conventional [binary system. In order to
simplify this procedure, binary coding of the decimal digits is fre-
quently employed (3). If a four-bit bingry code is employed, the digits

of the example may be represented by the |following binary groups:

0011 0010 0111 0101
0101 0100 0010 ' 0011
5 b 2 3
1000 0110 100L 1000
8 6 9 8

The preceding technique suggests a method of addition that combines
the serial and parallel methods. By thig technique, the binary groups

for a given decimal column are added in parallel. When this addition




is completed, the operation is shifted se
colwms. (2). Serial-parallel addition f
then, only four parallel binary adders.
simplified through the use of a four-bit
are performed on a decimal digit besis, 1

only ten input lines and four oubtput line

rially té the other decimal
‘or a four-bit code requires,
Conversion is also greatly
code. Because the operations
he input converter need have

5. The output conversion may

be accomplished with eight input lines and ten output lines. This is

explained in detail in the decoder discus

In this computer, as in others, ther

storage of data. As mentloned previously

sion.
e must be some provision for

, the use of the binary number

system permits the use of flip-flops as storage devices. Because of

their streightforward design and of their applicability to this machine,

flip-flops shall be used.

A SUmmarization of the general ideas

presented in this chapter

indicates that the machine to be designed shall wtilize serial-parallel

addition, that the decimal digits shall b

e encoded by four-bit binary

groups, and that flip—flops shall be used as storage devices. When

these ideas are considered together with
the opening paragraph, it appears that th

reguisite to the logical\design, have beg

the requirements presented in
e basic design criteria, pre-

n established.



CHAPTER II1

LOGICAL DESI(

The Basic Syst

i

em

For convenlence in considering the nachine from a system stand-

point, a block diagram is presented in Fi
example numbers are to be added, namely,

assume that 3275 was the last previous sy

to it.
3275 -=-~- augend
5423  --=- addend
8698 ---- sum

If the digits of the addend were entered

order, that is, from left to right, begis
it would be necessary to store the first
This is true because the addition must bg
other words, 5 plus 3 is the first step 13
Obvieusly, the addition could not begin 1

If the digits of the addend were eni
for this temporary storage of éome digits
true only if the machine can perform a gi
entry of the next digit. In the example|

This would be added immediately to the 5.

ready to accept the 2 for addition to ths

v

gure 1. Assume that the

3275 and 5423.

Furthermore,

m, and that 5423 is to be =244=3

from the keyboard in descending
ining with 5 and ending with 3,
three digits, the 5, 4, and 2.
oin in the lowest order; in
in adding these two numbers.
mtil the 3 had beén enteredn
ered in reverse order, the need
;- would be eliminated. This is
ven digit addition pricr o
the first entry wﬁuld.be 3.
The machine would then be

: 7, in the tens' order. In the
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interest of minimizing the storage capaci

method of entering digits'in reverse orde
Choice of a Decimal

There are many possible ways of repr
by means of four radix two digits. In th
coding was simply the binary equivalent ¢

e "weighted" code in that a particular va

iﬁg on the order in which it eppears. (3).

of the orders, in descending sequence, &y
it is referred to as the "8-4-2-1" code.

digit equivalents are

0 ---- 0000
1 ---- 0001
2 --=~ 0010
3 =--= 0011
Yy weem 0100
5 ~e-- 0101
6 ---- 0110
7 me-= 0111
8 ==== 1000
9 -==-~ 1001

There are many other codes, both welghted
extensive information regarding decimal ¢
Richards. (3).

The "excess 3" code has been chosen
fication of this choice will follow the d
code, the binary group'is the equivalent

Peing represented. These groups are

O =-=- OOLL
1 =e-- 0100
2 aem- 0101
3 =--= 0110
L oeeee 0111

9

ty required of the model, the

r shall be used.
. Code

esenting the ten decimal digits
é example -of Chapter‘II, the

f each decimal digit. ?his is
lue is assignéd to a "1" depend-
For this code, the weights

e 8-4-2.1. TFor this reason,

3). In this code, the dscimal
(3 ;

1 and nonweighted. For more

odes, the reader is referred to

for use in this machine. Justi-
lescription of the code. 1In this

of three more than the digit

5 we-- 1000
6 mee- 1001
7 aw== 1010
8 --=- 1011
9 w-== 1100




All of the possible sums of two digl
groups, including a carry, are presented

TABLE I

10

ts represented by excess 3 code

in Table I.

ADDITION TABLE FOR EXCESS 3 CODE

Uncorrected

Decimal Sum Carry Sum
0] 0 0110
1 0 0111
2 0 1000
3 0 1001
L 0 1010
> 0 1011
6 0 1100

7 0 1101
8 0 1110
9 0 1111
10 1 0000
11 1 0001
12 1 0010
13 1 0011
1k 1 0100
15 1 0loL
16 1 0110
17 1 0111
18 1 1000
19 1 1001

Consider, for example, the addition of 7
7T =--- 1010
6 -=--= 1001
13 «--=- 0011 p

The required tens' carry is correctly prg

Corrected Correction
Carry  Sum Required

0011
0100

0101

0110 ,
0111 Subtract 3
1000

1001

1010

1011

1100

0011

0100

0101

0110

0111

1000 Ada 3
1001

1010

1011

1100

T

HEHEFHRPHERPRPOOOOOO0OO OO

and 6.

lus 1 carry

pagated at the proper time,

from the highest order, for all cases. This is clear from Table I. How-

ever, it becomes necessary to correct the
will be recognized as a 3 In the excess 3
for all sums are indicated in the table.
the tens' carry is one important reason f
Before the problem of correcting the sumg

matter of coding and decoding shall be si

0011 te 0110 in corder that it
code. The required corrections
The autqmatic propagation of
or choosing the excess 3 code.
of Table I is considered, the

udied.




1l

The methods of Boclean algebra are o be used for this analysis. (2).
The orders of the excess 3 code are to be represented by the letters A,
B, C, and D, in descending sequence.
Thﬁs,

---- 0011 ---- ABCI
---- 0100 =---- ABCI
mmm= QLOL ==-- ABCI
---- 0110 =---- BABCI
-==- 0111 =--- ABCI
-~-= 1000 =---- ABCI
---- 1001 =--=- ABCI
mm== 1010 =---- ABCI
--== 1011 -=-- ABCI
m-== 1100 =---~ ABGD

A= A e S S A

LA

O O~ FWivk- O

It will be noted that these are in minterm, or caﬁonical, form; that is,
each group 1s expressed as a Boolean product containing all elements of
the class. These minterms may be represented as sgquares on a Veitch dia=
gram. (2). The numbers iﬁ the minterm squares correspond to their deci-~

mal counterparts. Redundant minterms are denoted by X's.

A A A A

B| 9 3{1 |D
B Li2 1p
Bl 6] 81 ¢ D
Bl 5|7 D

¢C ¢ ¢ ¢
The simplest Boolean expressions for each digit may be written directly

from the Veitch diagram, taking into account all redundancies.

---- BB

- KD

---- ACD+BCD -
---- ACD+BCD
---- BCD

——— BgD _

----  ACD +ECD
~--- ACD+BCD
---- ACD

--w== AR

O O~1I U FW N O




A similar Veitch diagram for the 8-l-2-]

0 ---- 0000 =~--- KBCD
1 =---- 0001 ‘---- ABCD
2 =-r- 0010  ---- ABCDH
3 ===-- 0011 =--~-- ABCD
L weee 0100 ---- ABCD
5 ==-- 0101 ---- ABCD
6 m=== 0110 ---- ABCD
7 ===~ 0111 ---- ABCD
8 «--- 1000 =---- ARCD
9 ==-= 1001 -~-- ABCD

The simplest Boolean expressions,

including redundancies,

12

code may alsc be made
A A K &
B (6] 4|5
B T 51p
B |9 31 1]D
5|8 210|p
¢ ¢ ¢ &

may again be

written.
0 ---- ABCD
1 ---- ABCD
2 ---~ BCh
3 =---- ECD
Yy we-- BED
5 =--- BID
6 ---~ BCD
T =--- BCD
8 ~-=- ABD+ACD
9 -=~-- AD
A comparison between this list of simplejst Boolean terms and that for

the excess 3 code reveals that those for
Because of this, decoding will be easier
Veitch diagram pattern of the excess 3 e
.use of the six rednﬁdant minterms. HNo o

make possible a simpler list of Roolean

the excess 3 code are simpler.
to achieve. In fact, the

ode makes the fullest possible
ther progressive pattern can

expregsions. This fact, together

with the self-propagation of the tens' carry when adding, has been the

prineiple factor in the choice of the ex

Addition

As pointed out in the discussion of

produced by adding must be corrected.

I

cess 3 code.

the excess 3 code, the sums

[ there is no carry resulting




from a given addition, the correction is

a carry does exist, the correction may be

method for subtracting 3 is to add 13 and

of 16 may be done by ignoring the carry ¥
because this has a value of 16. In addin
the lowest order is required since both n
may be made by‘meaﬁs of ﬁhe configuration
this arrengement, one is added to the. sum
If a carry exists, then two is also added
If a carry does not exist, then 12 is als
and. B orders.

The adding elements of Figure 2 are
adders." (3). A full adder has three inp
bits to be added plus an input carry bit
Th

adder has both sum and carry outputs.

be demonstrated by letting

X =-~- augend
Y ---- addend
€ ~--- dinput carry, fro

A truth table may be constructed which il

tions of inputs with their associated out
XY C Sum
000 0
001 1
010 1
0l1l1 0
100 1
101 0
110 0
111 1

Separate Veitceh diagrams may be drawn for

13

effected by subtracting 3. If

achieved by adding 3. One

gubtract 16. The subtraction

hich results from adding 13,

g either 3 or 13, inversion of
umbers are odd. The corrections
shown in Figure 2. (3). In

by adding a 1 in the D order.
by adding 1 in the € order.

o added by adding l's in the A

The method of Figure 2 shell be used in the machine.

referred to as binary "full
ubs which accomodate the two
from & lower order. The full

e operation of a full adder may

m lower order
Lustrates all possible combina-

puts.

Carry

HEERRO HFHOOO

the sum and earry.




1k

XY, %Y ’ X ¥ XY
F F P P
c ) c = c s c s
g

o

L] ‘4‘-é
G‘-]
oo l—

CHI
x'.rf
g
ol

F
|
ignore i & ¢ v
A B Cc D
Figure 2

Excess- 3 Adder|

- -

X X X X
1 1

3 Sum
Y |21 1

¢ ¢ ¢ ¢

X X % X

1] 11
X Ca‘fry
Y 1

& c §

c C
|
From these Veitch diagrams, the sum and caprry expressions may be formed as

sum = XYC+Xy€ +x¥C +xv¢

11}

]

carry XY +XC +YC
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C—im A & 0
A — O 1
—e»
— Carry
x._,,f‘ ' L
_ 0 .
e
’ e
C—pl O TR
)

Figure 3
Binary Full Adder

The sum expression may be factored to

(x+y+c¢) (IT+XE+3C)+xyC

L]

sum

(X+Y+C) (XY+XC+7YC)+ X¥C

It

(X+Y+C) (TWFECFITHIYC)
[(XH{) + c] Wﬁﬂm)c}

The carry may be factored as

13}

carry = XY+ (X+7Y)C
These expressions are presented in Richazds (3) and are the bases for

the logic diagram of the full adder cf Figure 3.
Coding

Because digits are entered from a dgcimal keyboard, there must be

g conversion made from decimal form to the excess 3 code. The coder can




(e 1 QA 3] -

KEYBOARD

16



be formed from a diode matrix having ten

digit key, and four outpul lines, one fory

code group. The function of the coder i
flip-flops of the addend register to corj
correct code group. The diode matrix of
this desirability is fulfilled. (4). Th
be routed to negative voltages appearing

transistors of the addend register. By

excess 3 code groups, it may be seen tha
correspond to the 1l's of the code gfoups.

entries are made one digit at a time, on

Decoding

Decoding is also accomplished throu

The list of simplest expressions shows 1}

exists an "or" choice of simplest terms.
first listed of the "or" Boolean sums, f
In order to unigquely idenﬁify each digit
simplest expressions that both states of
required. Hence, eight inpub lines will
from the O and 1 outputs of the accumula
equivalent of the list of simﬁlest terms
possible combination of input levels, ex
redundant combinations, will uniguely id
digits. For example,‘if the accumulator

8

1011 ~----  ABCD

- -

simplest expression, due to r

17

input lines, one for each
each order of the binary

5 that of triggering the
respond to the digits of the
Figure 4 is arranged so that

output lines of the coder will

=

v

at the collectors of the "off"
referring to the list of the

5 the matrix diode positions
Becausge of the fact that

Ly one coder is required.

oh the use of a diode matrix.
hat Ffor the 2, 3, 6, and 7 there
For purﬁoses of decoding, the
or each case, shall be used.

, 1t 1s seen from the list of
each of the four orders are

be needed. There are connected
tor fiip-flops. The diode maltrix
is shown in Figure 5. Every
cluding the never~occcurring

antify the corresponding decimal

digit were decimal 8

edundancy of ABCD, ---~ ACD




|
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For this case, l's would be present on lines A, B, C, and D. However,
only 1's on lines A, C, and D would be used to derive the 8 output.

This resulﬁs in the saving of one diode. Because the readout is pre-
sented as four simultaneously appearing decimal digits, four decoders

are required.
Reglsters

The two reglsters are temporary storage units for the addend and
augend of & given addition operation. Since the digits are being added
in four-bit parellel form, each register| must be eapable of stofing a
four-bit code group. As previously proppsed, flip-flops are to be ussd
as“storage devices;‘thefefore, four flip-flops are required in each
reéister. These flip-flops must have "spt" and "reset" provisions. (3).
The registers must be reset to zero prigr to a given operation. The
basic register is shown in Figure 6. The transitory code group from
the keyboard decoder, or from the accumulator, is fed to the set lines
A, B, C, and B. The flipmflqps arevthereby "latched" in the correct

states for representing the trigger cocde| group.
Accumulator

The accumuwlabtor is the main memory section of the machine. Its
function is to store, and make available| for readout, each sum that is
produced by the adder circuits. This fupetion cquld be carried out by
storage of sum code g:oups, or by storage of the decoded decimal sims.
Again, because of the use of flip-fiops a8 storage devices, the storags
will be done on the binary level by storing the code groups.

It was originally specified that the machine should have a four
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A Out B Out C Out D Out
FF FF " FF holy
o 1 0 1 0 1 o 1
Reset
Set A Set'B Set'C et 'D
Figure 6. Bdsic Register
A.jfﬂ; B Out i’Oux D Out
FF FF FF FF
0o 1 0 1 0 1

"Clear” —gmi O

A

Sequence Pulse.OC = Set

Figure 7.

A Set B

Acecun

Set C

wlator Section

L O
o g

e

Set D



decimal digit capacity. This necessitat
lator, with each section capable of stor
section of the accumulator will then be‘
will consist of a similar arrangement of
difference iz théﬁ, because the first ay
is to be zero, each accumulator section
to zer@, which 1s O0ll. However, in ord
essary that the accumulator be reset to
augend register has been set to O0LL, by
sented to the accumulator. An explanasti

appears as a subsequent portion of the ¢

meeting the set and reset requirements a
Control

A diglt control scheme is regquired

feeding the sum from a given addition to

21

es having a four=section accumnu-
ing a four-bit code group. Each
similar to the registers and
flip-flops. One nobeworthy
zend of any series of aadiﬁions
must be capable of being set

er to accept sums, it is nec-
000C. This is done after the
L before the sum has been pre-
on of the control operations
hesis.

The provisions for

re shown in Figure 7.

to produce gating pulses for

the correct section of the

accunulator. Consider, for example, thel addition of 7132 and 2061.
T1l32 -~~~ augend
2061 =---- addend
9193 ~==« sum
9193 e--- agcumulabor
ABCD '

The addition would begiﬁ in the D order
time. The accumulator would receive the
and A. Assume, for the time being, that
be used. Then.the digit control pulses

Figure 8.

A method for producing these gating

Figure 9.

The time chart of Figure 10 &

and proceed, one diglt at a
sun in the sequence D, C, B,
negative gating pulses are to

reguired would be those of

pulses is presented in

escribes this method in detail.
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Figure 12.

Method for Deriwvin

z Sequence Pulses
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The encircled letters of Figure 9 correspond to those of Figure 10 and

are uséd to assocliate each waveform witl
diagram of Figure Q.
A sequence control is rgquired to 1

the "housekeeping” operations in their g
repested for each digit:
Set augend register to accumuls
Reset accumulator to 0000

Add contents of registers
Reset registers to 0000

=g € VN o

The relationship between these gating pu
is shown in Figure 11. A method of deri
shown in Figure 12.

“ The carry control, Figure 13, consi
output carry so that the last three sequ
be completed prior to when the carry is
next addition. In

flip~-flop is reset to O. This precludes
input carry to the
There are two

"elear" key resets

lator to OOll, which is zero, the first ¢

a series of additions.

The "add" key serves to notify the nl

entered has been completed.

superfluous high order zerocos for numbers

tor wvalue

lses and a

the event of & D orde:

adder when adding in -
control keys in additi

all register flip-flog

1 its location in the block

rovide for the execution of

roper order. This sequence is

0 an 0x -
o v ‘e .

- 0o oo m

<R

-2 v

digit gating pulse

ving the seguence pulses is

sts of a 20 ms delay of the

ence pulses will have time to

bresented to the adder for the

» digit pulse, the carry storage
the possibility of having an
she lowesgt order.

.on to the ten digit keys. The

s to O's and sets the accumu-

ugend required for beginning

lachine that the number being

This eliminates the need for entering

having less than four digits.

The "add" key is to be depressed following each complete number entry.

The remainder of the logical design

the various sections of the machine alres

consists of interconnecting

dy described. Specific verbal




a7

detall will not be given, but reference [is made to Plate I, Appendix.

This plate shows the complete intercomneftion of the logic and storage

elements.




CHAPTER IV
CIRCUITS USED IN MODEL
"And" and "Or" Gates

The Boolean "and" and the "or" are mechanized by diode gates as
shown in Figure 14 and Figure 15, respectively. These provide a simple,

economical, and dependable way for mechgnizing "and" - "

or" logic. (k).
The basic "and" gate, having inputs A and B, obeys the following

Boolean equation and truth table:

Qutput = AB
A B Output
O 0 0
1 0 0
0 1 0
i1 1

The presence of 1's onn all input lines i required for a 1 output.\ The
"and" gate is symbolized by

A

B AT

et

A basic "or" gate, having inputs A and B, obeys the following
Boolean equatioﬁ and truth table:

output = A+B

A B Output
0 O 0
0o 1 U
1 0 1
1 1 1
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The presence of a 1 on any input line re¢

h

gate is symbolized by

A
Bl

The circuits of Figures 14 and 15 o
By interchanging the two cireuits, the ¢
tive signals will result. For the logic
sented by zero volts and a 1 by -25 volt]
should be positive: with respect to zefo
‘tagé should be negative with respe¢t ‘o

the supply voltages of the model are + 2
Inverter

The only purely logical element usi
is the inverter of Figure 16.  The input
input level to one suitable for operatio

turns the transistor "off" and yields th

An input 1 turans the transistor "on" and

mately zero volts. The inverter is symb

<O~

Full Adder

The adding method described in the

full adders. The full adder that was de

using the "and," "or," and inverter elemd

29

stlts in a 1 output. The "or"

re for negative input signals.

orresponding circuits for posi-
of this machine, a 0 is repre-
8. The E + supply voltage - .. .-
vqlts, and the E- supply vol=-

-25 volts. For convenience,

5 and -30 VDC.

ng a transistor, in this machine,
voltage divider reduces the
n of the transistor. A 0O input

=
=

supply voltage as an output 1.
gives an output O of approxi-

hlized by

breceding chapter uses seven

-}

reloped has been mechanized by

snts just described.
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The resulting circuit diagram is shown i

symbolized by

__,.‘X.‘
Cl o
—y F
c B
—
Flip~Flops

There are two basic trigger types o
machine. The storage flip-flops of the
the "reset - set" type. This type has t

setting the flip-flop to an output 1 and

0. This flip-flop may be represented, as
Reset - _ 10 O o
P
Set —_— 1 l.—.-

Two means of actual triggering of this 1
triggering, as illustrated in Figure 18,
trigger pulse, through>an input diode, tq
transistor. (4). This positive pulse is
network, to the base of the "on" transist
two conditions is a change of state of th
is shown in Flgure 19. 3By thls method, s
applied to the base of the "off" transist
the transistor "on", thereby changing’the
last method is used for low-signal applig
driving power from the trigger sourée. i
divider is used in the input trigger lineg

provide & method of discriminating againg

n Fligure 17.
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The full adder is

 Tlip-flops used in this
registers and accumulator use

7o trigeger inputs, one for

one for resetting to an output

by Richards (3),

ip-flop are used. Collector
consists of applying.a positive
the collector of the "off"
applied, through the coupiing
cr. The net result of these
e flip-flop. Another variation
negative trigger pulse is

or. This results in turning
state of the flip-flop. This

ations since it required less

t will be noted that a voltage

s of Pigore 19. This is to

t low veltage trigger "noise"



which results from deteriorated O's. ¥¢

=
-

the excess 3 addgr range from zero to -
from -15 tq -30 volts. Therefore, the ¥
that thevflip-flopvwill not trigger overy
trigger dependably from the 1l's. This g
cient to insure dependablé operation.

The toggle flip-flop, Figure 20, ig
tions. (4). Here it is used for countin

control section. For every trigger puls
the flip-flop undergoes a change df stat
the output results in pulses that are de

of two. Thils flip-flop may be symbolize

trigger —ond

Monostable Multivi

The monostable multivibrator is a s
having one stable state. (4). When an i
the circuit makes a transition to the of

for a predetermined length of time befor

The differentiated output then results i
pulse by this predetermined length of ti
circuit is used as a time delay. The ci
delay of approximately 5 ms. A change i

the 20 ms delay used in the carry contro

33

r example, the output O's of
volts. The output 1l's range
oltage divider is chosen so

the range of 0's, but will

ifference in amplitude is suffi-

used for counting applica-
g key pulses in the digit

e on the input trigger line,
e. Then, differentiation of

creased in frequency by a scsle

a by
Reset to O (optional)

brator

pecial case of a flip-Fflop
npub triggér pulse is applied,
her state and remains there

e returning to the stable state.

n the delay of the trigger
me. In this machine, this
rcult of Figure 21 gives a
n circuit time constants gives

L circuit. The monostable
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12.1 K —AAMA— — AAAAN—— 2.1 K
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multivibrator is symbolized Dby.

trigger —— 5 ms |— cutput
MV

where the delay. time 1s included in the square block.
Enitter Followers

The emltter follower is used as a current amplifying device having
a voltage gain of slightly iess than unity. (5). The simplest of the
emitter followers herein used is diagramed in Figure 22. The degen-
efative feedback of the circuit makes possible a wide range of input
voltages. |

The emitted follower of Figure 23 mékes use of the Darlingbton
connection.‘(S). This connection result$ in a much higher input imped-
ance than the previous circuit. This ci%cuit is used as a buffer into
which the signals from the full adders aré fed. The high impedance -

input is essential to keep from unduly loading the diede logic circuits

of the full adder.
Readout

The “"Nixie" decimal readout device, manufactured by the Burroughs
Corporation, is used as the sum indicator. The tube is shown, dia-
'gfamaﬁically, in Figure 24. The tube has a coﬁmon anode and is gas-
filled. .There are ten cathodes, aﬁd each cathode is in the shape of
a different decimal digit. The digit to be displéyed is selected by
putting a negative 150 ﬁblts on the cathode corresponding to that digiﬁo
This results in ionization of the gas and causes the ions to cellect

around the cathode. This glow describes the digit to be displayed. The



O VDC

ONh3A

i
N

Figure 22. Fmi

tter Follower

-30 VDC

23

Figure 23. Darlingt

on Emitter Follower
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tube is constructed so that . all cathodes

the tube. A bias of approximately + 125

38

are visible from the front of

volts is applied to the "Nixie"

anode. The 1 from the decoding matrix ils a negative voltage. When this

is applied to the cathode, the ionizatidn potential is reached, and the

digit may be read.

Power Supplie

[4]

Three power supplies are required for the model:

(1) -30 vDC at .T75A, for the tramsistor circuits and "and" gates

(2) +25 VDC at 100 ma, for the "or" gates

(3) +125 ¥yDC at 5 ma, for the "Nixie" bias

Circuit diagrams of these power stpplies

are shown in Figure 25. Silicon

diodes are used as the rectifying devices. Operation is from a conven-

tional 117 VAC, 60 cycle source.




+ 125 VIC Bias g
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CHAPTER V
OFPERATION, AND PERFORMA

It has been pointed out previously

added in any series is to be added to an

Explanation has also been given as to th
for entering the digits of a number in y
sideration in mind, the operation of the

(1) A1l four digits of the ad
initially to zerc by depr

NCE OF TEAM

that the first number to be
initial zero in the accumulator.

e necessity, in this machine,

everse order. With this con=-

machine is asg follows:

cunulator are set
essing the "clear" key.

(2) The first number to be added is entered from
the keyboard one digit all a time, the digits
being entered in reverse [order.

(3) At the end of each complebe number, the "add”
key is depressed.

(4) The next number to be added is entered in

similar fashion, and so ¢
number to be added.

As an example, consider the addition of
keyboard operations required is:

L 6

Clear

1 Add. This would cg
the readout section.

The design of the sequence control
tion of adding a digit to continue for s
time required for the four successive 5
seguence control, to operate. This mean

from the keyboard at a maximum rate of 5

Lo

n for each other

379 and 1648.

The seguence of

8

~= 9 == T == 3 Add --

ey o

use the sum, 2027, to appsar in

circuits causes the actual oOpeETa-
pproximately 20 ms. This is the
ms delay circuits, of the

s that digits could be entered

0 per second. In actwal practice,




by

it is doubtful that the rate of depressing any two consecutive keys

would exceed the equivalent rate of 10 per second. Thus, the safety

factor of five seems to be adequate for |[insuring sufficient adding time.
A photograph of the operational model is shown in Figure 26. The

"Nixie" readout tubes are to the left of the keyboard. The "Clear”

key ié‘on the upper-left of the keyboard, and the "Add" key is on the

lower-left.
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Figure 26

Photogrdph of Model




CHAPTER VI
SUMMARY AND CONCI

The performance of the model has be
has borne out the validity of the logles

unstable tendancies noted. The thesis,

the design of a four-digit machine. The

departed from this design in the followd

(1) Only two digits were comy
sufficient for the stated
model.

(2) The sequence control was
wag simulated by fowr pus

were, depressed, in order,
beenrentered. This, too,
subtract 1little from the
model.

(3)

Because of (1), the digit
carry control sections we
two digits rather than fq
control techniques are il
Appendix by Figures 27 axy

The model was constructed from comy
available. The particular "Nixie" tubesd
were designed to be used with higher swi
in this machine. As a result, the readg
desired. There are tubes designed for 1
should e investigated in the event of f

The application of transistor logid

k3

LUSIONS

ren entirely satisfactory and
1 design. The:e have been no
to this point, has dealth with
model that was constructed
ng ways:

leted, this being

. purpose of the

not constructed but
hbutton switches that
‘after each digit had

wag considered to
usefulness of the

control and the

re modified to serve
ur. These alternate
llustrated in the
14 28, ’

onents that were readily

used for the readout circuit
tching voltages than those used
ut is not as clear as might be
ower switching wvoltages that

urther work in this ares.

to a machine of this type




would invite exploration. (6). Tt migh
tube flip-flops as more economlcel sto
of long-term reliability would possibly
The more recent appllicatlons of fei
recently, to loglc loom as important ad
this general type. (8). Extensive use
in greater reliabllity, and a higher d
storagé capaclty. An increase in the si
entry of numbers iﬁ forward order, raths
in Chapter III. Another advancement ths
pact computer is that of micro-modules.
being made on an experimental basis that
tranéistors, afranged on a tiny crystal
diode will, without doubt, create many 1y
With greater compactness of a machine ha
this one, it follows that a machine of g
having far greater capabilities. The ex
subtraction, for example, by means of co
very simple. (3). More complex capabili
general purpose caleculator.
There are many instances in which a
be solved, over and over, with different
to this one could possibly find widespre
designs capable of solving specific prob
to solve standard quadratic equations co

haps encugh demand for this particular o

such & machine.

P

xr than reverse.

hh

t also be possible to use gas-

ge devices, but the question

prevent this. (7).

rrite cores to storage and, more

rances pertinent to a machine of

£ cores could possibly result

rgree of compactness with grester

sorage capaclty would maeke possible

This is explained

b would warrant study for a com-

For example, flip-flops are
have all components, including

wafer. The coming of the tunnel

lew, compact computer circuits.

ving capabllities similar to
imiler size could he constructed
ftension of capability to include
mplimentary addition, would be

ties could be included in a

particular type of equation must

coefficients. Machines similar

8.d use in the form of specific
lems. As an example, a machine
uld be developed. There is per-

peration to create a market for




In conclusion, the results of this
the feeling that electronic digital comj
fully applied to the desk calculator fig
will, in all probability, soon make thej
The success of this endeavor, as with ol

nulty of its proponents and is linmited j

b5

thesis project have augmented
puter techniques can be success-
zld. Electronic desk calculators.
lr debut on a commercial basis.
Chers, is vested in the inge-

orimerily by human imagination.




(1).

(2).

(3)-

(b).

(5).

(6).

(7).

(8).

i~ [
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