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I

History Of Computers

Computers either measure "how much" or count "how many".

The former is known as an analog computer while the latter is
called a digital computer.

Of all the creatures on earth, only man has the ability
to count.

Ancient man first used his fingers to relate the

idea of "how many" to some physical object that he could see
and use to express to someone else.

Even today primitive societies use this method.

A

Sibiller tribesman of New Guinea can only count up to 27.
Using his right index finger, he points to his left-hand

finger for the numbers (1-5), he then points respectively
to his left wrist, forearm, elbow, bicep, collarbone,

The nose is (14).

shoulder, ear and eye for (6-13).

Now

using his left index finger, he travels down his right side
for (15-27J.1

As man progressed, he introduced more complex computers

than his fingers.
Thousands of years ago some Egyptian merchants made a

computer using sand and pebbles, using a number system based

on ten fingers (or ten pebbles).
•‘■David Bergamini, and The Editors Of Life., Life Science
Library: Efethematics, New York: Time, Inc., 1963. p. 18
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They scooped out three grooves in the sand and each time
they placed a pebble in the right-hand groove, it represented

one.

When there were ten in the right-hand groove, they re

moved them and placed one in the center groove.

Likewise,

when there were ten in the center groove, they removed them
and placed one in the left-hand groove.

Each pebble in the right represented one finger on a man’s

hand.

Ehch pebble in the center represented one man’s ten fingers

Each pebble in the left represented ten men’s ten fingers.1
Now lets travel back in time and see how an Egyptian

merchant would use this computer.

from two caravans.

He is buying jars of spice

As each jar comes into his warehouse, he

puts a pebble into the left groove.

of grooves, one for each caravan.

Keeping two separate sets
When they have finished un

loading, he checks his computer and finds:

Therefore, he pays Caravan I for 136 jars of spice and
Caravan II for 265 jars of spice.

total jars of spice he has.

He now wants to know how many

He takes the pebbles from the right

of I and adds them to the right of II.

He has more than ten so

he removes ten and adds one to the center of II.
the center of

I

He now takes

and places them in the center of II.

He has

-'-Alan Vorwald., and Prank Clark., Computers.* From Sand Table
To Electronic Brain. New York: Whittlesey House, 1961. p. 24
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ten so he removes them and places one in the left of II.

He

now takes the left of I and places them in the left of II.
Now he has:

Or, 401 jars of spice.

A further refinement of this was the abacus.

Developed

and still used today in China, it consists of a wooden frame
with vertical rods.

On each of these rods there are five beads

which can be moved up and down.

There is a bar which separates

these five beads into one above and four below.

Fig.,.; 1-1.

Abacus

See Fig. 1-1.

1

To count on the abacus each bead below the crossbar is
worth (right to left) 1, 10, 100, 1000 .
crossbar is worth 5, 50, 500, 5000,

to the crossbar.

Each bead above the

You count the beads next

For some examples see Fig, 1-2.

^David Bergamini., and The Editors Of Life., Life Science
Library; Mathematics. New York: Time, Inc., 1963.

p. 21
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To show how addition is performed on the abacus, we will

add 172 to 344 (see fig. 1-3).
We now want to add 2 one's.

We first put 344 on the abacus.

On the addition of the first one,

you move the four down and bring the five down to crossbar,

then add remaining one by moving one bead to crossbar.

add 7 ten’s to ten rod.
brings the fifty down.

Now

First ten moves four tens down and

Move four tens up.

five tens and need to add two more tens.

You have now added

Next ten moves four

tens down and fifty up, but in moving fifty up you must move

one hundred up.

Now add last ten by moving ten up.

Adding

the one hundred causes the four hundreds to move down and the

five hundred to move down.

Fig. 1-3
Adding 344 and 172 on Abacus

5
This abacus was not to be improved upon until the 17th

Century by using gears and wheels.

A simple example is shown

in Fig. 1-4.

Fig. 1-4
Simple Mechanical Adding Machine

In the above figure, to add turn

desired number of teeth.

To subtract, turn C desired number of teeth.

Before working a

new problem, both dials must read zero.
This adding machine is similar to the Abacus but instead

of moving beads up and down you turn gears clockwise and counter
clockwise.
Some of the more famous of the mechanical calculators

were ’’Napier’s Bones", and ’’Pascal’s Adding Machine".
Charles Babbage, a 19th Century English inventor, designed

his Difference Engine to calculate and print multiplication
tables, but it failed because parts could not be machined

precisely enough.

After machining was perfected, more sophisticated calcu
lators were developed.

The most common would be the present

6
day desk calculator or adding machine.
But the development of more complex computers led to the
very real problem of too much bulk and a great deal of time
involved for the numerous calculations to be performed.

Something else was needed and this turned out to be the
very power that turned the gears in the desk calculator;
’'Electricity1’, the voice of the computer.

In an electrical circuit, there are two basic conditions.
One, when the current is on and two, when the current is off.

Now, if we had a number system based on two numbers,
say 0 and 1, we conceivably could relate this to the on and

off of electricity and thereby have a new method of counting
"how many".

There is such a system and it is called the Binaly System,,

II

Binary System

In our number system of base 10 (called decimal system),

we can express any number in terms of 10 raised to different

powers.
For example, 4-695 represents the sum:

4X103 4- 6X102 4- 9X101 + 5X10°
Extending this, decimals can also be represented.

The

number 0.4763 can be written:

4-X10"1 +• 7X1O“2 4- 6X10"3 4- 3X10”4
Combining we can represent any number.

543.0217 is the

same as:
5X102 4- 4X101 4- 3X10° 4- 0X10"1 4- 2 XlO"2 4- lXl0“34- 7X10

The binary system was developed due to the pioneering work
of Leibniz'1'.

Instead of ten numbers, 0,1,2,3,4,5,6,7,8,9, there

are only two numbers, 0 and 1.

i.e. the binary system has base

two.
Numbers in this system can also be written in terms of 2
raised to different powers.

♦

That is to say, the number 1101011

can be written as:

1X26 4- 1X25 -4- 0X24 4- 1X23 4- 0 X22 4- 1X21 4- 1X2°
What is this equal to in the decimal system?

Just evaluate

and add:

■^Gottfried Wilhelm Leibniz (1646-1716), a German mathematician,

was one of the inventors of the calculus.
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1X26 - 64

0X2^ =- 0

0 X22 — 0

1X25 = 32

1X23 = 8

1X21 - 2
1X2° - 1

and

64+32 + 0 + 8 + 04-24-1 = 107
Therefore
(1101011 )2-= (107 )1Q

The subscripts 2 and 10 are used to denote the base we

are using.
In the decimal system, we count ten numbers and start over

In the binary system, we count two numbers and start over.
See Fig. 2-1.

Decimal
0
1
2
3
4
5
6
7
8
9
10
11
12

•

Binary
0
1
10
11
100
101

no
in

1000
1001
1010
1011
1100

Decimal
13
14
15
16
17
18
19
20
21
22
23
24
25

Binary
1101
1110
mi
10000
10001
10010
10011
10100
10101

iono

10111
11000
11001

Fig. 2-1

Relationship Between Decimal And Binary

The binary system may seem more sideward since for (ll00l)2(25)]_o y°u n9ed 3 digits in the binary system and only 2 in the
decimal.

easier.

But, in multiplication and addition the binary is
See Fig. 2-2.
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-10
1

0 1
0 1
1 10

X 0
0 0
1 0

1
0
1

Fig. 2-2
Addition and Multiplication In Binary System

As one mathematician put it "In the binary system we count

on our fists instead of our fingers.'".
To become further familiar with addition, lets work the

following problem.
0011
+1001
1100

(Three)
(Nine)
(Twelve)

In the first column in the right 1 4- 1 — 10.

0 and carry 1 into next column.

14- 0 = 1 4-1 (from carry) -= 10.

Put down 0 and carry 1 into next column.
carry) — 1.

answer is

Put down 1.

Put down

0 4-1=1.

0-4- 0 - 0+1 (from

Put down 1 and the

1100.

Now look at multiplication.

1011
X101
1011
0000
1011
110111

(eleven)
(five)

(fifty-five)

As you can see carry and place value are the same as in

decimal arithmetic.
Multiplying by 101, we proceed from right to left: 1'X 1‘- 1,
so write down 1.

column.

Next 1X1-1, again writs down 1 in the second

1X0 = 0, write down 0 in third column.

write down 1 in fourth column,

1X1 = 1,

10

Now we multiply by 0 in the second column of the multiplier

101.

0X1 - 0, since 0 is in the twos column, we record it in

the second column.

Now simply shift over one column and continue

multiplying by 0.
The same is done with the final digit 1 in the multiplier

101 except you start with the 1 from 1X1=1 being put in the
third column.
Let us now try a subtraction problem.

(14)l0

1110
-101
1001

Going from right to left, to subtract 1 from 0, we must

exchange the 1 from the minuend in the twos column for two ones
in the ones column and subtract one and two.

Thus:

10
£L
1
Now, we have used up the : . in the twos (or second) column,

and so the second column should look like this:
0

=2
0

In the fours (as third) column:

*

1
-1
0

In the eights (or fourth) column:
1
=2
1

The difference is (1001(9)^q

In division, it is quite simple.

You need not try to find
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the largest multiple of the divisor vhich can be subtracted

from the dividend.
or it will not.

The divisor will simply go into the dividend

Let us do the following problem.

10101
lOOl/lOllllOl

1001
101
000
1011
1001
100
000
1001
1001

If we were working only with binary numbers our arithmetic
would be simple indeed.

But, almost all of the numbers we run

into are in the decimal system.

Therefore, we need some quick

method to change from one system to another.

One method is when we want to change a decimal number into

a binary, you repeatedly divide by 2 keeping track of the
V

remainders.
When you finish you just transpose the remainders .

See Fig. 2-3.

Decimal
Notation

Divide
by
2
Until
0

Rema inder

109
54
27
13
6
3
1
0
Binary notation

Fig. 2-3
Converting The Decimal Number 109
Into The Binary Number 1101101
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To convert the binary number ba ex: into the decimal system,

add the place values (successive powers of base two) of the
binary symbols 1 and 0.

See Fig. 2-4.

1
10
110
1
64 ’4" 32 + O + 84-4 + O •4-1 «* 109
Fig. 2-4
Converting The Binary Number 1101101
Into The Decimal Number 109

Now that we have a binary system, let’s see if we can

combine this with the on-off principle of electricity and come
up with an electronic computer.

Ill

ELECTRONIC DIGITAL COMPUTERS

Suppose we have a row of six light bulbs.

These lights

may be turned on or off by switches.

We can agree' that if a light is on, it stands for the
symbol 1:

if it is off, it stands for the symbol 0.

Now with these lights, we can represent a number in the
binary system.

See Fig. 3-1, and Fig. 3-2.

Fig. 3-1
Representation of Binary Number
(101010)2
(42)1q With Six Light Bulbs

Fig. 3-2
Circuit Diagram For Fig. 3-1

We can now represent a binary number by means of lights
(electric circuit) but a computer must also be able to add,

subtract, multiply, divide, compare and perform many other

operations.

Is there a circuit for Binary Addition?

i.e. is

there a circuit such that?

0+0 = 0
1 4- 0 = 1
0 4-1=1
14-1 = 10

represented
represented
represented
represented

in
in
in
in

lights
lights
lights
lights

=■
—
=

OFF
OFF
OFF
ON

OFF
ON
ON
ON

Yes, see Fig. 3-3

Fig. 3-3
Binary Computer For Addition*

*Each switch is a double throw switch.

For multiplication, you want a circuit such that:

0X0=0
1X0 = 0
0X1=0
1X1 = 1

represented
represented
represented
represented

in
in
in
in

lights
lights
lights
lights

OFF
OFF
OFF
OFF

See Fig. 3-4

Fig. 3-4
Binary Computer Of Multiplication*
*each switch is a single throw switch

OFF
OFF
OFF
ON
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We can also construct circuits for other problems, but this
will not be any great advantage over mechanical computers if we

have to spend all day throwing switches.

We will now investigate the inner structure of a computer

and thereby understand how a single card or tape will solve any
problem If properly prepared.

With the human brain, it receives information, processes
it, memorizes, and communicates.
The digital computer is quite similar.

See Fig. 3-5

Fig. 3-5*
Three-step Device With
Storage, Control, And Arithmetic Subelements
*The National Council of Teachers of Mathematics.,
Computer Oriented Mathematics. Washington D.C.: Libray of
Congress Catalog Card Number: 63-23087., 1963. p.24

INPUT places information into the computer.

This may be

done by means of a card with holes punched in it (ISM Card);

paper tape with holes punched in it or magnetic tape with

magnetized spots on it.

See Fig. 3-6
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NO HOLE - 0
Fig. 3-6
Card Using Binary Code

These cards are placed into the computer over rollers which
carry electric current.

As they do so, copper wire brushes

brush over them and "read*’ these perforations.

These readings are sent to the control unit.
are composed of operation codes and addresses.

The readings

The control unit

will send these to the storage unit where the operation codes
are turned into instructions and the addresses give up infor

mation that had previously been stored there.
This information and instructions are then passed to the
arithmetic unit where the problem is solved.

The answer is sent

back to the control unit which then sends this reading to the

OUTPUT.

The OUTPUT will make up a card, tape, etc., which can be

deciphered by the human operator of the computer.
An example is shown in Fig. 3-7♦

Once the cards are in the computer, the operations are
performed at the speed of light.

In other words, you could punch a card, put it into INPUT

Y1

OPERATION
GODS

ADDRESS
NUMBER

000

MEANING

Reset arithmetic unit
to zero.

001

10111

Add number at 10111
to number already in
arithmetic unit.

001

10110

Add number at 10110
to number already in
arithmetic unit.

0110

10001

Subtract number at
10001 from number in
arithmetic unit.

Oil

01001

Divide number in arithmetic
unit by number at 01001.

100

Send number to OUTPUT.

000

Reset arithmetic unit
to zero.

101

Stop computer.

Fig. 3-7
Sample Operation Of Computer
Using Binary Punched Cards

and by the time you vent to OUTPUT the result would already be
in the process of being punched on another card.

One of the maddening things with a computer is that they
do everything exactly as you tell them to and not one thing

more.

If you forget something, even though it is quite obvious

to a human, you will receive some quite unexpected results.
Therefore, you have to be sure of the program you are

preparing for the computer.

This is called computer reasoning.

In Fig. 3-8 is an example of evaluating division.

18

COMPUTER REASONING

COMPUTER ARITHMETIC

Fig. 3-3
Computer Reasoning And Arithmetic
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How would you find the greatest common divisor of two

integers.

This was worked out by Euclid and involves repeated

division (perfect for a digital computer).

1.

Divide larger integer, Rq, by the smaller integer,
Rp to obtain a remainder, R£.

2.

Divide R^ by Rg and obtain a remainder, R^.

3.

Divide Rg by R^ and obtain remainder R^.

4.

Continue until any remainder equals zero.

The last divisor just used is the greatest common divisor.
For example, what is the greatest common divisor of 18
and 75?

18/»
72 6
3/18
18
0

The greatest common divisor is 3.

For the reasoning process

V

or flow diagram, see Fig. 3-9.

Fig. 3-10 shows a method for finding square root.

It

depends on the following:

If A is an integer, and

xq=YA

is an approximation for the

square root of A, then A/xq will be either larger or smaller than

the square root of A, depending on whether x is smaller or larger
©

than the desired root.

If x is smaller than the root, for
o

example, then the quotient A/xq will be larger than the root.

The average of xQ and A/xq will be a better approximation of the
square root of A than either

xq

or A/x^.

Conversely, if

Ta-rgAT- than the true root, a similar relation holds.

xq

is

Thus we may

improve an initial estimate of the square root of a number, A, by

4

20

Fig. 3-9*
Finding The Greatest Common Divisor
Of Two Integers

*ibid., p. 70
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successively dividing it by an estimate of the root and averaging

this quotient with the estimate to get a new estimate.

The

algorithm is as follows:
1.

Make an estimate of the square root of the number.

2.

Divide the number by the estimate.

3.

Obtain the average of the divisor just used and the

quotient just obtained.
4.

Divide the number by this average.

5.

Repeat steps 3 and 4 until the desired accuracy is

obtained.
As an example, use this method to find the square root of 25.

1.

Let 2 be the first estimate.

2.

Divide:

3.

Average:

12.5
2/25....
12.5
2.0

7.25
2/14.50

14.5

4.

Divide:

5.

Average:

6.

Divide:

7.

Average:

8.

Divide:

3.45
7.25/25.OO
3.45
7.25
10.70

5.35
2/10.70

4^62
5.35/25.00
5.35
4.67
10.02

5.01
2/IO.O2

4.99
5.01/25.00

Notice that the process is continuous and has no stopping
point, and that there is no indicated way of deciding how accurate

the estimate has become after n steps.

One way to solve both

problems is to include certain steps after each division in which
■

ft?- '

'

-

?ft-

''

'

.ft'- ft^ft\ftV-'ft
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the new quotient is squared.

The squared value can then be

compared with A, and if the difference between A and the quotient
squared is less than a specified number, the process is stopped.

Pig. 3-10*
Method Of Approximating The
Square Root Of A Number

*ibid., p. 81
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Not all problems need to deal with numbers and their re
lationships as long as there is a problem that can be solved with

a yes or no (l and 0) and the computer has sufficient information

it can arrive at a solution.

See Fig. 3-11.

Fig. 3-11*
Crossing Intersection From A To B
With No Automobile Traffic
*ibid., p. 6

IV
ANALOG COMPUTERS
AND
THE DIGITAL DIFFERENTIAL ANALYZER

a

As mentioned before the analog computer measures "how much”.

For a comparison between the digital and analog consider a deck
of cards.

people.

You want to give 25 cards to each of a group of
You could count off 25, one-by-one, and pass them out,

and this is how a digital computer would.

But let’s say that

a stack of 25 cards were exactly l/4n high, then using a ruler
you could determine 25 cards.

how much 25 cards weighed.
scale.

Another way would be if you knew

Then all you would need would be a

These last two methods are how an analog computer would

determine 25 cards.
An analog computer measures something that is analogous
to the problem it needs to solve.

In the electric analog computer,

most problems can be set up analogous to Ohm’s law:
Voltage ■= Current XResista nee

An example of this is the formula for distance which is:

Distance -a Speed XTime

Let’s say that a man lives 15 miles from work.

We will

let this 15 miles = voltage traveling thru the circuit, since

the voltage will be constant.

Let speed be equal to current

and time equal to resistance.

Put an ammeter into the circuit

to measure current, and a variable potentiometer to measure

resistance.

See Fig. 4-1
24

25

ammeter

battery

potentiometer

Fig. 4-1
Analogous Circuit For
Distance
Speed Time Problem

Vary resistance until ammeter reads 30.

potentiometer which reads l/2.
ammeter reads 60.

Make mark on

Vary resistance again until

Mark potentiometer with a l/4.

Continue this

until you have linear relationship between speed and time.
Now we are ready.

to get to work.
l/6

,

Say the man has l/6th. of an hour

Vary resistance until you reach the mark of

(may have to interpolate).

Read ammeter for speed

needed to reach work on time.

By varying the circuit (i.e. ammeters in parrallel,
potentiometers in parrallel and series) you can set up the

computer to solve many different problems.

In fact, for each

different problem you usually need a different analog computer.

Multiplication and division are quite simple in any analog
by passing the current thru a step-up or step-down transformer.

See Fig. 4-2.
In Fig. 4-2 the step-up transformer multiplies by two, and

the step-down transformer divides by three.
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PRIMARY
COIL

PRIMARY
COIL

POWER
SOURCE

POWER
SOURCE

<
AMMETER

AMMETER
STEP-DOWN
TRANSFORMER

STEP-UP
TRANSFORMER

Fig. 4-2
A Step-up And A Step-down Transformer

These transformers are usually set to multiply or divide

by the primes.

Therefore, any multiplication or division is

performed by combinations of these transformers.

Not only can you use analog computers for specific problems
<
but you can combine them with the principles of a digital computer
to come up with a hybrid.

The most common hybrid is the Digital Differential Analyzer.
The basic component of the D.D.A. is the integrator.
function is to evaluate the intergral:

By definition of an integral

If we let AY-/ 46^^

then

It’s

27

If we let all the AX%be equal, than
'x
2 -2 + <AX IL fCxt')
*

U,

z

Interpreting the last geometerically we have

is equal to the area under the curve.

This can be approximated by multiplyingtG^VndAXor graphically
summing the areas of the rectangles shown shaded.

Now the

can be measured electronically by an analog circuit

and the approximation becomes closer to the real value as
becomes smaller and all you have left is to multiply and add.
You can multiply by a step-up transformer and add by the

28

methods of a digital computer,

i.e. Set up a circuit when the

current varies as the curve does.

Send it thru a step-up trans

former with the multiplying value ofAX .
current equal to Ax .

Have a pulse in the

With every pulse have the value coming

out of the step-up transformer sent to the digital component

of the computer for the summation of all of these values.
There are other methods of approximating the area under the

curve (ex. Trapezoid) but you can always set up an analog and
digital combination to solve it.

And as the integral changes

so will the circuits.

In reality, a computer is much more complicated.

A com

parison is the complexity of an actual engine with the theorem

of Combustion.
the same:

But the basic principles of a computer are always

"How many fingers?" or "What is equal to that many

fingers?".

It is a wide open field and expanding each day.

Who can

say what the next improvement will be when electricity becomes

obsolete.
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