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PART 4
CHAPTER 1
ARITHMETIC COMPONENTS
1. l 'LOGICAL CIRCUITS
” l 1.1 General |
| ‘The three 1ogical operations AND, OR and NOT are introduced

in Part 2, Chapter 3. The operations may be characterized in
terms of binary numbers as follows:

x ,...,x are applied

N 2’73 n
to the input terminals of an AND block. Then if each of these

‘a. Assume that a number of inputs xl,x

inputs»is 1, the output of the block is 1. If, on the other
hand, any of the inputs 1s 0, the output of the block s 0.

b. Assume that a number of inputs X1,% ,x3,....,xn are
fyapplied to the input terminals of an OR block. Then; 1f any of
these inputs is 1, the output of the block,is l.“If all the
inputs are 0 then the output is 0. N o

c. Assume that an input x, 1is applied to the input terminal
of . a NOT block. Then, if x is 1, the output is 0. On the
 other hand if x is 0 the output is 1. |
Circuits which perform ‘the AND and OR functions are pre-
| sented in this section. A NOT circuit isn't developed. However,
a study of the flip flop circuit developed in the following
section (Section 1.2) reveals ‘that a NOT function can be ob-
tained from this circuit by proper choice of output terminals._
The inverter, which is presented in Chapter 3 of this Part

also performs the NOT function.
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1.1.2 Positive and Negative Logic

In the logical circuits developed in this chapter, 1's
and O's are represented either by steady-state voltage levels
or by the presence or absence of pulses at particular instants.
The representation of a 1 by a positive voltage‘level and a 0
by a negative voltage level is defined as positive logic. Also,
>.the representation of a 1 by a positive pulse appearing at a
| particular instant, or cf a 0 by the absence of a pulse at that
instant 1s defined as positive logic. On the other hand, the
representation of a 0 by a'pcsitive voltage level and a 1 by a
negative 901tage level,_or the representation of a O by a posi-
tive pulse appearing at a particular instant or of a 1 by the
absence of a pulse at that instant 1s defined as negative logic.
Unless otherwise specified pecsitive logic 1s assumed in the
discussion which follows.

1.1.3 AND Circuits

An AND circuit emnloying a twin troide 1s 111ustrated in
Figure 4-1. The two sectlons of the tube share a common plate
1oad resistor and a common cathode supply. The grid of each
section of the tube is returned to ground through a resistor
Since the cathode supply is negative with respect to ground,
plate current 1s drawn through both sections of the tube in the
absence of an 1nput to elther grid. Inputq to the grids are
’applied through phase -inverting input transformers. A positive
’pulse applied to the 1nput of elther section thus appears as a
negative pulse on the grid of the section causing the section

to be cut off. However, the plate and battery supplies and
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plate load resistance are so chosen that either section of the
tube alone 1is capable of drawing approximately the same magnitude
of current as can be drawn by both sections conducting simul-
taneously. Thus, an input applied to one sectioh'of the tube,
causingythat_Section to be cut off, has a negligible effect on

| the total current through the circuit and therefore the voltage
drop through the plate load is only slightly affected. If, on
the other hand, both sections of the tube are simultaneously cut
off (by the simultaneous appearance of input pulses on both in-
put lines) then the plate voltage rises to the level of the plate
supply, producing a positive pulse on the output line. In terms
of positive logic, then, the circuit performs the AND functiong
that 1s, a 1 appears at the output 1f and only if 1l's are applied
to both inputs simultaneously.

An AND circult employing a single multi—grid tube is 1llus-
trated in Figure 4-2. Both grids are biased negatively with
respect to the cathode so ﬁhat the tube 1s normally cut off.

A positive signal applied to either one of the grids is not
sufficlient to cause conduction through the tube. However, 1if

- positive pulses appear simultaneously at both inputs, the tube
conducts, causing a voltage drop through the plate load. The
resultant negative signal at the plate 1s coupled through a
capacitor and a phase-inverting output transformer so that it
appears as a positive pulse on the output line. Thus, in terms
of positive logic, the circuit performs the AND function; that
is, a 1 appears at the output if and only if 1's are simul-

- taneously applied to both inputs.
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The AND circuits of Figures 4-1 and 4-2 are RC coupled.
- Thus they supply transient outputs in response to transient in-
putg. An entirely different kind of AND circuit is illustrated
in Figure 4-3. This circuit comprises two dilodes and a dropping
presistor. If both of the inputs are positiveé (1's), then the
output is positive (1). However, if either of the 1nputs 1is
negative (0), current is drawn through the dropping resistor
and through the corresponding diode. Since the forward resis-
tance of the diode is small compared to the dropping resistance,
the output falls virtually to the level of the negative input
(0). Current from the positive input terminal is blocked by the
associated diode. 1If both inputs are negative, current is drawn
through both diodes and the effect is the same. This circult,
therefore, is capable of generating a steady-state AND output
in response to steady-state inputs.

1.1.4 OR Circuits |

As noted above, the circuits of Figure 4-1 through 4-3 are
defined in terms of positive logic as AND circuits. It should
be understood that in terms of negative logic they are OR cir-
cults. For example, in terms of negative logic, the circuit
of Figure 4-3 generates a steady-state 1 output (negative voltage
level) in response to a steady-state 1 input (negative voltage
level) on either of its input lines,

A diode network whiéh functions as a positive OR circuit
is shown in Figure 4-4, Comparing this network with the circult
of Figure 4-3, 1t can be seen that the direction of the dlodes
has been reversed and that, moreover, the polarity of the re-

ference voltage applied to the dropping resistor has been re-
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versed. If a 1 (positive voltage level) appears on either
‘of the input lines, then a 1 (positve voltage level) appears
on the output line. This follows from the fact that a positive
voltage on either of the input lines causes current to flow be-
tween the input terminal and the reference supply. Since the
forward resistance of the diodes 1s very small with respect to
the dropping resistor, the output terminal 1s raised to essen-
tially the potential of the input terminal. If both input
terminals are positive, the effect 1s substantially the same.
If both input terminals are negative, no current flows through
either diode and the output terminal assumes the potential of
the reference supply (i.e. a negative potential). Thus the
circuit satisfies the definition of the OR function. It should
" be understood that in terms of negative logic, the circult of
Figure U4-4 is an AND circuilt Just as the circuit of Figure 4.3
is an OR circuit.
-1.,1.5 Adders, Subtréétors-and Multipliers

The AND and OR circuits discussed in the preceding sections
provide the means for ilmplementing the blocks of the‘half-adders,
full-adders, multipliers and so on that were discussed 1in block
form in Chapter 3 of Part 2. However, there is more to these
combinationsfthan'JUSt'the-logical circuits. The diode AND and
OR circults for example are passive elements, that is they dissi-
pate rather than generate power. This implies the need for
amplifiers to be used 1n’conJunction’w1th them. The dual triode
and multi-grid logical circuilts are active elements; however,

their transient action implies the need for subsidiary timing
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clrcultry. The voltage and power amplification circuité that
- ar2 required for use in conjunction with passive elements are
discussed in Chapter 3 of this Part. A timing and ordering
circuit is presented in the succeeding section. Timing is con-
Sidered in more general terms in Part 5.
1.2.- FLIP-FLOP CIRCUITS
l1.2.1. General~

The flip-flop is a bi-stable multivibrator; i.e. it is a
circuit which has two stable states. This implies that an
external input signal is required to drive it from one state
~ to the other. The basic circuit which is shown in Figure 4-5,
comprises two vacuum tubes (or two tube sections in a single
envelope) and its stable states are characterized by the con-
dition that one of the tubes 1is cut off and other is conducting.
By associating one of the stable states of a flip-flop with 1
and‘the other with O, the circuit can be employed to provide
representation of a single binary digit or bit. A group of
flip-flops, each one associated with a particular order of

20, 21, 22 etc.), can be used to represent

significance (i.e,
a binary number.
‘Such a group 1s called a register. The condition Qf a
flip-flop can be sensed in terms of the voltage levels at the
- plates of either one or both of its tubes. For example, i1f the
condition'characterized by tube vl cut off and tube v2vcondu¢ting
1s associated with a 1; then a positive voltage at the plate of
Vl or a negative voltage at the plate of V2~1s interpreted as
a1, while a positive voltage at the plate of V2 or a negative

\
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voltage at the plate of V1 is iInterpreted as a 0. This
corresponds to the fact that the plate voltage of a tube is
lowered when it conducts, by virtue of the voltage drop through
the plate load resistance. Thus the terms positive and negative
are used above in the relative sense, that is the two voltage

- levels are positive and negative with respect to each other,

but not necessarily with respect to ground.

As already noted, the two stable states of the flip-flop
are characterized by the conditlon that one tﬁbe,is conducting
and the other tube 1s cut off. 1In order to make the condition
characterized by both(tubés conducting and unstable one, the
plate of each tube 18 coupled to the grid of the other tube as
'shown in Figure 4-5,.

To understand the operation of the circuit, assume that
V1 1s conducting,and.ve is cut off. Assume further that a
negative input pulse 1s applied (through the Set input) to
the grid of V1. This_causes a decrease in the plate current
through V1 which appears as an inérease of potential on the plate
of the tube. This positive going signal 1s capacitively coupled
to the grid of V2 allowing V2 to conduct. As plate current
.starts to flow through V2, the plate potential of the tube de-
creases. This negative going signal is capacitively coupled to
the grid of V1 where 1t causes a further decrease in the plate
current. In the 1limit, this unstable condition causes V1l to be
driven-to cut off. If, now, a negative signal is applied fo the
grid of V1 1t will have no effect since the tube is already cut

off. If, on the other hand, a negative signal 1s appllied to the
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grid of V2, the circuilt will pass through the condition of
instabllity described above and will arrive/at the opposite
stable condition (1.e. V1 conducting and V2 cut off). Thus
the circuit can be driven back and forth between its two stable
states by applying a negative pulse first to the grid of one
tube and then to the grid of the other. An alternative method
of driving the circuit back and forth between its two stable
states 1s to use only one of the input grids but to alternate
the polarity of the input signal applied to that grid. Assume
for example, that V1 isrconducting. The application of a nega-
tive pulse to its grid will reverse the state of the circuit
a8 noted above. Thus V1 will be driven to cut-off. If, now,
a positive signal 1is applied to the gfid of V1 the circuit will
be driven through the condition of instabillity to 1ts opposite
stablé state; that 1s to say, the application of a positive
pulse to the tube which 18 cut off is equivalent to the appli-
cation of a negative pulse to the grid of the tube which is
conducting.
1.2.2. Set, Clear and Complement Inputs

A flip-flop circuit with three input terminals is shown in
Figure 4-6. This circuit is designed to accept only positive
input pulses. However these pulses are coupled to the grids
of the tubes through input transformers which provide a phase
inversion. Thus the pulses applied to the grids are always
negative. It is assumed that for the circuit of Figure 4-6,
‘the state in which V1 is cut off and V2 1s conducting represents
-a 1. With this convention established, the three input terminals

DC1.TC.%4.1.8



‘can be defined as the Set, Clear and Complement inputs.:

A positive pulse applied to the Set input of the circuit
passes through diode CRI and appears across the primary of
transformer T2. This causes a negative pulse to appear at the
" grid of V1. The pulse applied to the Set line 1s blocked by
dlode CR2"so that it does not reach the primary of transformer
Tl which 18 the input transformer for the other slde of the cir-
cuit. Thﬁs a positive pulse appllied to the Set line reverses
“the state of the Flip-flop if and only if it 1s storing a o, that
is if and only 1f V1 1is conducting. Just the opposite is true,
if a positive pulse is applied to the Clear input of the circuit.
This pulse reaches Iinput transformer Tl through CR3 but is
blocked from reaching input transformer T2 by CR4. Thus, it
causes a negative pulse to appear on the grid ofrV2 (by virtue
of the phase inversion through Tl1) so that the state of the
circuit is reversed,if'andkonly if it 1s storing a 1, that is 1if
and only 1f V2 1s conducting.

A positive pulse applied to the Complement input of the
circuit 1s passed by diode CR2 and by diode CR4 so that it
appears across the primary windings of both Tl and T2. Thus
negative pulses appear simultaneously on both grids. The nega-
tive pulse arriving at the grid of the tube which 1s cut off
~has no effect; however the negative pulse arriving at the grid
of the tube which 1s conducting causes the circult to reverse
its state regardless of which state it is in.: This corresponds

to the rule given in Part 2 for forming the 1's .complement of
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a binary number, i.e. change all 0's of the number to 1l's
and all 1's of the number to O's.
1.2.3 1 and 0 Outputs

As already noted, the condition of a flip-flop can be
sensed in terms of the voltage levels on the grids of either
one or both of its tubes. FOr the circuit of Figure 4-6, a
positive voltage on the plate of V1 or a negative voltage on
the plate of V2 indicates that the circuilt 1is storing a 1,
hhile the reverse conditions indicate that the circuit is stor-
ing a 0. 1In terms of the conventions concerning polarity of
logic which are introduced in Section 1.1.2 of this Part, the
output from V]l represents the contents of the circuilt in terms
of positive logic while the output from V2 represents the
contents of the circult in terms of negative logic. The positive

logic output line 1is called the 1 output while the negative logic

output line 18 called the O output.

Sometimes only one of the output lines of a flip-flop 13
used. This 1s called siﬂgle line transfer. Sometimes, on the
other hand, both lines are used. This 1is called double 1line
transfer.

1.2.4, Registers
1.2.4.1 General

As noted above, a group of flip-flops used to store the

.bits of a single number are called a register. Each flip-flop
- in a reglster 1s associated with a particular order or column.

. In a computer using flip-flop registers, all kinds of essen-

tially non-numeric as well as numeric information 1s represented
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by binary codes. Thus a unit of information is usually called
a word rather than a number, in order to indicate that it may
represent either a number of an item of non-numeric information.
In order to conform to this convention it can be stated that
each register 1s associated with a bit position of a word
‘rather than with an order of a number. However, when dis-
cussing operations upon numbers, it is more convenient to

- speak in terms of numbers and orders.

The bi-stable character of the flip-flop circuit makes it
capable of storing a single bit of information. For example,
when a positive pulse 1s applied to the Set input of the circuit
of Figure 4-6, the circult is driven to the state representing
l, if it 18 not already in that state, and remains in that state
(1.e. stores a 1) until it receives a pulse on its Clear or
Complement input, the simplest register is a storage register.
Here, a flip-flop 1is provided for each required bit position
as shown in Figure 4-7. In/order to write a word into the
register, a positive pulse is applied to the Set input of each
flip-flop which is to store a 1 and to the Clear input of each
flip-flop which 1s to store a 0. Another way to write into a
registerbis first to clear each flip-flop and then to apply in-
puts to the Set lines of those flip-flops which are to hold 1's.
This is the method employed when single line transfer of infor-
mation into the flip-flop is desired.

If suitable interconnections are provided between the flip-

flops of a single register, the register can be used to perform

) DCl-TC.u .1.11
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counting and shifting functions in addition to the séorage |
function. Counting and shifting registers are discussed in
the succeeding sectlons.

1.2.4.2 Counting Registers

A binary counting register is shown in Figure 4-8. Here,
each of the blocks marked FF is assumed to be a flip-flop /
circuit such as is illustrated in Filgurs %.5.

Each of the blocks marked GT 18 a gate tube. Gate tubes
are discussed in some detail in Section 1.3 of this Part.
However, in order to understand the action of the counter it
is necessary only to understand that a géte will pass a posi-
tive pulse 1f and only if it 1s recelving a steady-state posi-
tive signal at the instant when the positive pulse arrives.
Since each gate in the counting register 1s connected to the 1
output of a flip-flop, this means that i1t will pass a positive‘
pulse only if the contents of the flip-flop at the instant that
the pulse arrives is a 1.

The counting input to each of the flip-flops of the register
is to 1ts complement input line. Assume that each of the flip-
flops of the register 1is in the O condition (i.e. that the re-
gister 1is storing 0000). Then a positive pulse applied to the
input pulse line appears simultaneously at the complement input
of the 20 flip-flop:and at the pulse 1nput of the #1 gate. Since,
at the 1lnstant when the pulse arrives, the flip-flop is storing
a 0, the pulse 1is not passed through the gate. However, it does
cause the 20 flip-flop to reverse its state (1.e. to store a 1).

When a second pulse appears on the input pulse line, it 1s passed

by gate #1, since the 20 flip-flop is storing a 1 at the instant
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when the pulse arrives. Thus the second pulse reaches simul-
taneously the #2 gate and the complement input line of the 21
" flip-flop. Since the 21 flip-flop is storing a O at the instant
when the pulse arrives, the pulse does not pass through the #2
gate. However, it does cause the ol flip-flop to reverse 1its
state. Since the 20 flip-flop complement input line recelves
‘every input pulse directly, it also reverses its state. Thus,
after the second pulse, the condition of the register is 0010
which is bimary two. A third pulse 1is not passed by gate #1,
since the 2V flip-flop 1s storlng‘a 0 at the instant when it
" arrives. Thus, the third pulse merely reverses the state of the
2O flip-flop. The condition of the register is now 0011l which
is binary three. A fourth pulsé 1s passed by both gate #1 and
gate #2 and thus reverses the state of the first three flip-floﬁs.
The condition of the register is now 0100 whi h is biﬁary four.
The count continues in this manner until the register is storing
1111 which 1is binary fifteen. When the sixteenth 1nput‘pulse
arrives it 1s passed by all three gates so that it reverses the
state of all four registers; that is, the count is returned to
0. Thus the register is a modula 24 binary counter that is, it
can store any of the dictinct numbers 0000 thr0ugh,1111.

The register can be cleared (that is, made to store 0000)
at any time by applying a pulse to the clear pulse line. This
line 1is connected to the Clear input of each flip-flop. Thus,
each flip-flop is driven to its O state (if it 1s not already in

that state) when a pulse appears on the clear pulse line.

DC1.TC.4.1.13



1.2.4.3 Shifting Reglsters

As discussed 1n Part 2, Chapter 3, a shift left operation
in terms of blnary arithmetic corresponds to a multiplication by
two while a shift right operation corresponds to a division by
two., These operatlions are required as a part of the routines
connected with more general multiplication ard division opera-
tions.

A reglster capable of providing a shift tothe‘left is
1llustrated in Figure 4-9, The 1 and O outputs of each flip-
flop of this register are coupled to the Set and Clear 1nputs
respectively of the flip-flop on the left through gate tubes.
If the 20 order flip~flop is storing a 1 when the shift pulse
1s applied, a pulse is passed to the Set input of the 21 fiip-
flop. On the other hand, if the 20 order flip-flop 1s storing
a 0, then a pulse 1s passed to the Clear input of the 21 flip-
flop. Thus, the bit initially held in the 20 flip-flop'is
shifted to the 21 flinflop. Subtituting 2" for 20 ang 2" 4
1l for 21,“£he above remarks can be generallzed to apply to any
two flip-flops of the register. Thus the reglster of Figure
4.9 performs a shift left operation for each shift pulse 1t re-
celves. Notice that the shift pulse 1s applied directly to the

O order must contain O after a shift left

reset input of the 2
has been performed. It 1is also possible to connect the circuit
so as to shift the bit 1n1t1a11y held in the left;hand flip-flop
into the,2° flip-flop. This is called a cycling operation.

A register which shifts right rather than left can be formed
by connecting the outputs of each flip-flop to the inputs of the
flinflop on its right rather than the flip-flop on 1its left.

The connection 1s made through gate tubes Jjust as in the case of

the left shift register. For this register a shift right occurs

h ' . k
each time a pulse 1s received DC1.TC.4.1.14
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The register of Figure 4-9 provides a simultaneous shift
of the contents of each flip-flop to the flip-flop on its
left in response to a shift pulse. Another type of shift,
called ripple shift 1s illustrated by the register shown in
Figure 4-10. The particular register shown in this:fligure
happens to provide a shift to the right rather than to the
left. However, ripple shift register like simultaneous shift
register can be designed to provide a shift in either direction.
The ripple shift proceeds as follows: The shift signal 1s
applied only to the gates between the two input lines of the 20
f1ip-flop and the output lines of the 2l flip-flop. Thus, a
pulse 1s passed onto one input line or the other of the~2o
flip-flop (depending upon whether the 21 flip-flop 18 storing
a 1l or a 0)., This shifts the contents of the 2l f11p-flop to
the 20 flip-flop. At the same time, fegardless of which input
line of the 20 flip-flop the pulse appears on, it 1is applied to
. the input of an OR circuit whose‘output provides a shifting pulse
to the gates between the input lines of the~21vf11p-flop and
the output lines of the 22 flip-flop. As a result of this, the
_contents of the 22 flip-flop is shifted to the 2l f11p-fiop.
The pulse on the input line of the 21 flip-flop, in turn, is
applied through an OR circuit to the gates between the input
lines of the 22 flip-flop and the output lines of the 23 flip-
flop. Thus the shift right pulse is said to ripple through the
register from right to left, each flip-flop receiving the contents

of the flip-flop on the left an instant after'its.own~contenfs

DC1.TC.4.1.15
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have been transferred to the flip-flop on its right,.

It may appear that the simulténeous shift saves time,
However, it turns out that, in certain situations, the ripple
shift 1s the faster of the two. This results from the fact that
a ripple shift can be initiated at the same time that some other
signal (such as a carry signal) is propogating through the regis-
ter. A simultaneous shift, on the other hand, cannot be initiated
“until all transient effects of a previous signal have been allowed
time to die out.

- 1.3 GATE TUBE

Gate tubes are required to operate the shift register of the
preceding section. As noted, their function in this application
is to connect the 6utputs-of each flip-flop in a register to the
flip-flop on the left (or on the right depending upon the type of
‘ Shift required) in response to a shift pulse. It is by a variety
of command pulses such as this one that a computer executes instruc-
“tions. Thus, the execution of an instruction requires the setting
up of a specific set of signal paths. These paths may not be com-
- pleted simultaneously but may be specified in an ordered sequence,
The gate tube is the primary ‘electronic switch which 1s used to
complete specified signal paths. |

A pentode gate tube circuit is shown in Figure 4-11. The cir-
cult accepts one steady-state input which 1s directly coupled to
the screen grid of the tube and another transient input wﬁich is
RC-coupled to the control grid. The tube is biaséd sovthat it 1is
normally cut off. It conducts only if a positive transient input

is received at a time when the steady-state input is positive, The

DCl1.TC.4.1.16



transformer coupled output of the tube circuit produces a
positive pulse in response to the transient plate current
through the tube,

The gate tube is a special case of the AND circuilt.
Thus, assuming positive logic, it generates a 1 pulse at
its output only if it receives a 1 pulse AND a 1 level,
In a computer which uses diode AND and OR circuits, it is
important to be able to diStinguish a diode AND circuit
from a gate tube circuit when they‘are represented on block-
level diagrams, since the one provides steady&state logic .
and the other provides transient logic. For such a comﬁuter
the diode circuit is usually represented on blocﬁ diagrams by
the name AND while thé gate tube circuit recéives éoﬁe"such
designation as GT. This corresponds to the fact that it 1s
the diode circult which usually provides the AND functions re-
quired by adders, multipliers, etc., while the gate circuit
applications are more in the nature/of control functions such

as ordering and timing the occurrence of sequences of operations.
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PART U4
CHAPTER 2
STORAGE COMPONENTS

2.1 GENERAL , _

A,digitaldcomputer_provides problem solutions in a step-
by-step manner. Thus initial data, 1ntermed1atevresu1ts and
instructions defining the sequence of steps must be stored dur-
ing the course of a computation. ‘

Instructions and data, whether numeric or non-numeric in
character, are represented withiln a computer in essenpially
numeric form, Moreover, regardless of the number system upon
which a computer operates, the representation of numbers with-
in the computer can be inplemented by eséentiallv binary’de-
,vices. A decimal_digit, for example, can be represented by the
presence Qf a signal on a particular line. To represent a
‘decimal order,lthen, a_set_of ten such lines 1s required, corres-
ponding to the fact that the order may contain any one of the
digits O througth,‘:Noticg,,however,,that‘the presence or ab-
sence of any one of the digits is represenﬁed by a binary
phenomenon, that 1is, the pfesence or absence of a signal on the
‘nliné_associated with that digit. |

_‘A storage element, then,lmust have the.capability:to

'accept and‘retain either a 1 of a 0. Thus 1t must be capable
of assuming either one of two distingulshable and stable states,
Since speed of operation is a primary concern in computer opera-
tiop,_a»storage component,hust be capable of passing from one

stable state to the other almost instantaneously.
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The storage capability of flip-flop registers is dis-
cussed in Section 1.2 of the.préceding ch;bter. Thelir
description 1s included in Chapter 1 rather than here because
they perform important arithmetic functions in addition to
their storage function. o

| The types of storage devices discussed in this chapter
may be classified as magnetic, electro-static, sonic and
mechanical. They are discussed in that order in the follow-
ing sections,. |
2.2 MAGNETIC STORAGE

 2.2.1 General

The‘bperation of magnetic storage devices depends upon
‘the following properties of mégnetism which have been discussed
" in some detail in Chapter 2, Part 4, |

a. Certaihvso-calied magnetic materials become magnetized
when placéd in a strong magnetic field, and retain a high value
of remanent flux when the magnetizing field 1s removed. In some
cases, the remanent flux 1is not decreased substantially even when
the material 1s placed in a field opposite in polarity to the
original field and of half the original field intensity.

b; A magnetic field surrounds any conductor through which
current is flowing. When a conductor is wound to form a solenoid,
individual flux loopé are linked setting up a stronger magnetic
field than is formed around a straight conductor. The strength
of the field is a function of the number of turns of the solenoid
and of the‘amount'of current flow. If an iron core is inserted

in the solenoid, more flux lineé areilnked reSultihg in a stronger
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magnetic field.

c. If a conductor is moved across a magnetic fleld so that
the lines of force of that field cut across the conductor, then
an emf is induced in the conductor. . If the conductor 1is part of
‘a closed electrical circuit, then current will flow in the cir-
cuilt in response to the induced emf.

2.2.2 Magnetic Writing

Figure 4-12 shows a magnetic circult comprising a rectan-
gular iron core with a solenoid wound on one leg and an air gap
in the opposite leg. When current 1s driven through the solenoid,
flux is set up in the core as shown in the figure. Notice that
flux passes through and fringes around the ailr gap. With a very
small gap, fringing flux 1s reduced to a minimum; However, as
the gap 1is enlarged, fringing flux spreads to coverglarger area.

If the gap in the rectangular core is placed adjacent to a
plece of magnetic material, fringing flux passes through the
magnetic material by virtue of the fact that it offers a lower
reluctance than the surrounding air. Thus the magnetic material
i1s placed in a strong magnetic field so that its molecules align
themselves to the lines of force of the field. If the material has
a squarish hysteresis‘loop characteristic, it retains the mag-
netism produced by the fringing flux even after the exclting
current producing that flux has been removed. Thus a magnetic
spot has been impressed or written on the magnetic material.

The direction of the flux in this spot or impression depends upon
the direction of the fringing flux around the air gap of the core.

Since the fringing flux can be revefsed by reversing the direction
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of current through the solenoid, impressions can be written on
a spot adjacent to the air gap in either one of two opposite
directions. Remanent flux in one direction can be interpreted
as a 1, while remanent flux in the other direction can be inter-
preted as a 0. Thus binary information can be written upon
localized spots of a magnetizable medium. A magnetic circult
such as that shown in Figure 4-12 is called a writing head when
1t 1s used to impress information upon a magnetic medium.
2.2.3 Magnetic Reading

In the preceding section it has been shown that a spot of
magnetism can be produced on a magnetic medium adjacent to an
ailr gap in a magnetic circuit. This magnetic circuit comprising
a rectangular core with an air gap in one leg and a solenoid
wound around the opposite leg 1s shown in Figure 4-12, Assume
- that this circult has been used to impress a state of magnetism
on an adjacent magnetic medium. Then this magnetized spot in
turn induces flux in the magnetic core and in the coil. However,
once established, this flux remains constant so that it does
not induce any voltage in the coll., On the other hand, 1f the
magnetized spot 1is moved relative to the magnetic circuit then
the flux in the coil varies in intensity, thus inducing a voltage
in the coil. As any particular magnetized spot approaches the
air gap, the field it produces in the magnetic circuilt expands
cutting across the coll in one direction; as the spot departs
from the air gap, the field contracts cutting across the coil
in the opposite direction. Thus a complete sine wave 6f voltage
1s induced in the coil as the spot approaches and departs from

the alr gap. The phase of this sine wave 1is a function of the
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polarity of the magnetized spot; that is, it depends upon
whethér the spot 1s magnetized in the direction which repre-
sents a 1 or in the direction which represents a O. The induced
voltage, then, provides a reading of the magnetic state of any
spot which passes the air gap. A magnetic circuit such as that
shown in Figure 4-12 1s called a reading head when it 1s used
to sense information stored on a magnetic medium. Notice, that
the passage of the magnetized spot past the air gap does not
affect the magnetic state of the spot. Thus, this manner of
reading from a magnetic medium 1is said to be nondestructive.
2.2.4% Magnetic Tape

Magnetic tape provides a convenient medium for the
long-term storage of large blocks of information. Information
1s precorded on the oxide-coated plastic tape in the form of
small magnetized areas, each areé containing one bit. A repro-
ducing head 1s usually placed in very close pr0x1m1ty to the tape
surface, and when a positive pulse is passed through the winding
of the magnetic head the molcules in the area are allgned in one
direction. This magnetic impression on the tape surface re-
presents the binary bit 1. If a negatlive pulse 1is passed through
the winding of the magnetic head than a magnetic impression is
recorded on the tape in a reversed direction. This represents
the binary bit O.

Three methods of magnetic tape recording are in use todaj.
They are as follows:

a. The perpendicular method which applies the magnetizing
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flux at right angles to the motion of the tape surface as
shown in Figure 4-13. One side of the tape has a north
polarity and thé other side a south polarity. Such a tape
is a permanent magnet in strip form.

b. The transverse method (Figure 4-14) in which the pole
pleces are placed at opposite edges of the tape rather than
perpendicular to its surface. One major difference between
transverse and perpendicular recording 1s the greater distance
between recording head poles in the transverse method. ,There-
fore, the transverse method requires a greater magnitude of
the modulating signal.

¢. The longitudinal method where magnetization is parallel
to the motion of the tape, as shown in Figure 4-15., This is the
method used today 1n most computer tape storage devices.

When a large quantity of information is to be stored, and
a relatively long time (seconds) for itsaccess 1s permissible,
then magnetic tape provides a reliable means for storage. As
many as slilx or more channels across a quarter-inch width of
tape, and 100 magnetized spots to an inch of length 1s a realiz-
able objective. Because tape may be of indefinite length and may
be easily loaded onto and unloaded from writing and reading device
it 1s an excellent medium for storing large quantities pf in-
formation (provided that rapid access to that information is not
required). Another advantage is that 1nformatioﬁ‘read-out from
tape does not destroy the information on the tape. Magnetic

tape 1s also very durable, because the reading and writing
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heads of this system are never in direct contact with the
tape itself.

One of the greatest disadvantages of magnetic tape
storage is the difficulty involved in making corrections or
additions to stored information. It 1s uneconomical to re-
write all the information on a length of tape in order to
make additions or changes. Blank spots can be left between
original entries in the file tcaccommodate additional infor-
mation. However, 1f these spots are not used at a later date,
and there is no assurance that they will be, this can prove
to be a most wasteful arrangement.

2.2.5 Magnetic Drums

As previously pointed out, recording on tape has a
decided advantage for certain applications. However, when
information is to be written, read, and erased at frequent
intervals, and in random order the magnetic drum provides
much fastér access. The magnetic drum is a form of cyclic
storage device which is particularly adaptable for use with
the larger, intermediate speed memory of present day computers.
The drum is a rotating cylinder which is made in various sizes.
‘One such drum which can store 16,384 numbers of 30 binary di-
gits each, measures about 3% inches in diameter and is 10 inches
long. Drums rotate at different speeds ranging from about 1,800
to about 7,200 rpm,

The drum is usually constructed of brass or aluminum with
~a surface coating of a magnetizable compound. One or more re-
producing heads are placed 1in very close proximity to the sur-

face of the drum as illustrated in Figure 4-16.
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If the drum surface 1s completely demagnetized and
direct current flows through a drum head, fringing flux at
the gap magnetizes the spot on the magnetic drum surface
that 1s adjacent to the gap. The process of inducing flux
in the magnetic drum surface 1s called writing. If the
magnetic drum is set in rotation, the magnetized spot remains
on the drum and a voltage is developed across the coll in
the head every time the magnetized spot (bit) passes under the
air gap. The process of inducing voltage across the coll by
moving the bit past the head 1s called reading. Since the
magnetized spot is not affected by reading, this type of
reading is called nondestructive. |

The reiationship of the flux distribution pattern
written on the drum surface and the voltage ‘nduced in the
head with respect to time 1s illustrated in Figure 4-17. Be-
fore the bit reaches the gap at time 1, flux (and therefore
induced voltage) is zero. From time 1 to time 2, fringe flux
is small and induces a small voltage. From time 2 to time 3,
flux increases more rapidly, inducing a larger voltage. Time
3 to 4 represents the greatest area of flux change and conse-
guently the period of maximum induced voltage. From time 4 to
time 5 the rate of flux change is smaller, although the amount
of flux continues to 1ncrease until 1tkreaches a maximum value
at time 5. Since the rate of flux change from time 4 to time
5 is approximately similar to that from time 2 to time 3 (al1-
though in the opposite direction), the voltage induced 1is

approximately edqua’.
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Preceding time 5, the maximum flux point on the bit
approaches the center of the air gap and at time 5 is exactly
under the gap. The rate of flux change 1s zero at time 5.
Therefore, the voltage 1nduéed in the head 1is also zero. Time
5 1s also the voltége polarity crossover point. From time 5
to time 9 (as the magnetized bit recedes from the gap) flux
decreases, producing a voltage similar to that produced from
time 1 through time 5, but opposite in polarity. If the
diréctioh of current flow through the writing head 1s reversed
during writing, the direction of magnetizing flux is reversed
and the direction of bit magnetization 1is also reversed. Thus,
during reading, the polarity of induced voltage at all points 1is
the reverse of that shown in Figure 4-17.
| Both reading and‘writing are accomplished while the drum
rotétesvat constant speed. HoWever, with direct current flow-
ing thrdugh the dfum head while the drum rotates, a complete
strip (channel) passing around the drum circumference under the
drum’head is magnetized by fringing flux. Use of brief current
’pUIses (which produce magnetizatlon of only a small area) instead
of direct current prevents this total magnetization of a channel.

Figure 4-18 1llustrates that the current pulse (shown as
‘a square wave) produces a flux distribution pattern on the ro-
tating drum sufface that starts at time lyand ends at time 4,
Flﬁx distribution from time 2 time 3 1s of uniform amplitude.
This portion of the flux pattérn produces no output voltage
from the drum head as it passes under the air gap, and the

length of the channel between the read head output voltage pulse
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is effectively wasted. If the width of the pulse applied to
the drum head 1s reduced during writing, the flux distribu-‘
tion of the magnetized area on the drum approaches the flux
distribution produced by writing on a stationary drum. Maxi-
mum information storage in a channel is thus made possible.
A pulse width of 1.5 microseconds 1s used.

In addition to pulse width and drum speed, bit length
18 also determined by the width of the air gap in the head
and by the distance between the drum head core and the mag-
netized drum surface., The gap width 1s usually on the order
of 0.001 inch. Core-to-drum spacing is also set at 0.001
inch to permit optimum flux density and to maintain a safety
factor that prevents the drum head from touching the rotatlng
drum. The voltage produced by reading a bit is a function of
core-to-drum spacing, write current magnitude, and the number
of turns in the coil. Small core-to-drum spacings permit more
fringing flux on the drum t6 be cut by the head. The 0.001-
inch spacing represents a cbmpromise between close and safe
spacing. The magnitude of the write current pulse determines
the amount of flux induced on the drum surface. This magnitude
can be increased until the magnetized bit is completely satu-
rated (maximum flux density).

Since bits are written with sufficient magnitude to produce
maximum’flux density in the magnetized bit area, a bit of opposite
polarity can be written over an existing bit by sending a current
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'pulse of the same magnitude but opposite polarity through
the drum head. It has been found that a write current on
the order Qf 110 milliamperes 1is sufficient to produce bit
staturation but prevent spread of flux into adjacent signal
areas. As the number of turns on the read coil is increased,
the additional turns are cut by the flux induced in the head.
The result is an increased output voltage.

2.2.5.1 Reading and Writing Waveforms

When O bits are written on a drum, each bit produces a
flux pattern similar to that shown in Figure 4-17, Writing
1 bits produces a flux pattern that 1s similar but of opposite
polarity to the O bit pattern. The read head output voltage
produced by both bits starts a zero at the beginning of the
bit and falls to zero at the end of the bit.

As the density of recorded information increases on a
drum (spacing between adjacent bits decreases) the spread of
the fringing flux from one bit may interfere with the flux
pattern of an adjacent bit area. This interference changes
the waveform of read head output voltages. The amount of
change depends upon the sequence of bits. When 1 or O bits
afe written in close sequence, flux lines of each successive
bit oppose the flux lines of the preceding bit. As a result,
flux at the end of one bit does not fall to zero, but rises
again in the same direction as the next bit passes under the
read head. This sequence produces the flux distribﬁtion pattern

shown in Figure 4-19-(a). A sine wave output voltage 1s
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produced when the varying flux patterﬁ of these bits passes
under the read head.

The flux pattern illustrated in Figure 4-19-(b) represents
a 0-1-0 bit sequence. The read head output voltage of the
first O bit, as it passes under the read head, rises to a
maximum negative value, decreases to zero, rises to a maxim