

















At the present time it appears impractical to use exactly the same type
of photo electric sensor that is used on the IBM machines. This
conclusion results from the limited space available on the TM-2 and
TM-4 for locating such a sensor. The proper IBM format on the tape can
be achieved by chosing a suitable write delay after the tape starts to
move during the write operation. This delay is then adjusted so as to
produce a comparable distance as is achieved on the IBM series of tape
stations. These delays are not provided with our equipment. Rather, it
is necessary that this delay be provided as a feature of the format
control device by the system designer. This requirement does not differ
from the method now used by IBM in connection with their tape handlers.
On playback, a similar but shorter read delay is provided to be sure the
tape 1s up to speed for transferring information from the tape.

END-OF~FILE MARK. An end-of-file mark is written following the last
longitudinal check character in a file. An end-of-file mark is
approximately 3.7 inches of blank tape followed by a tape mark (001111)
and its longitudinal check character. -This check character is identical
.+ teithe; tapd mark itself. The tape mark and its associated check ~ e
character or the end-of-file gap can signal end of file. The gap is
retained to provide compatibility with the IBM 704 computer. The tape
mark therefore signals an end of file in either a binary or BCD mode.
In addition, it may also be used to sense the beginning of a file after
a8 back-space file instruction. Since the information is magnetically
written on the tape as a blank space or as a definite mark, sensing of
this can only be achieved by manipulation of the output signals from
the read/write electronics. Detection of such a signal and its use are
the responsibility of the system designer.

INTER-RECORD GAPS

To produce inter-record gaps, the IBM 727 system operates with a

10 millisecond write delay and a 4 millisecond rea delay. Other IBM
tape transport models utilize times which may be different from these,
but the effect will still be the same. The transport start and stop
times are 5% .5 milliseconds each. The 3/4 inch inter-record gap
arises from these delays as follows:

Stop: -122- x .005 = 1875
Start: ..7.22_ x .005 = ,1875
(Additional wue to write delays)

75 x ,005 = .375

Total: 0.750 inches
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The permissible tolerance of the inter-record gap is determined by the
differences in the read and write delays. This turns out to be on the
low side. Ampex equipment can provide stop and start characteristics
to meet this requirement, but externally provided command delays must
be adjusted to the tape speed used. For complete compatibility with
the IBM 729 system, it is necessary to provide separate read and write
heads to permit verification of the data while writing. The IBM read
and write heads are separated by a distance of 0.3 inches. Following
completion of a block of data, the information is normally read and
checked for longitudinal and vertical parity before stop command is
given. Following the stop, the tape must be accelerated to operating
speed before the next block is written. All this must be done within
the normal 3/4 inch inter-record gap. Obviously, the distance between
heads imposes more severe starting and stopping restrictions on the
tape transport. To achieve operation with the 3/4 inch standard inter-
record gap, the starting and stopping distance must not exceed 3/4 inch
less the distance between the read and write heads. For instance, using
standard Ampex IBM compatible head assemblies, the sum of the starting
and stopping distances should not exceed:

1, T™M-2 - 750 inch minus .250 inch = .50 inch
2, TM-4 =~ «750 inch minus .30 inch = .450 inch
ELECTRONICS

As indicated previously, NRZ-M electronics are required for writing and
reading IBM tapes. However, the writing operation requires clearing of
all write flip-flops (register)to a common level prior to writing the
first.bit. To do this, the system designer has two choices. One would
be to AC reset the NRZ-M write register to zero before enabling the
write permit line. This would insure that the current through the write
heads would flow in the same direction and be phased such that the
magnetic flux would be the same polarity as the inter-record gap.

The second and more desirable method would be to hold the NRZ-M write
reglister to zero by a DC reset, the DC reset being removed with the
application of a write permit signal. The longitudinal parity check
mark could then be written by the application of an AC write reset
signal common to all flip-flops in the NRZ-M write register.

FARITY

Two kinds of parity checking are provided in the IBM system. Lateral
parity is the most useful and most universally used in computer systems.
Longitudinal parity is also used to make sure that drop-out cancellation
errors will not go undetected., The lateral parity check involves the

use of channel C on the tape (see Figure 1), In the binary mode, a
logical check of the 6-bit number on channels 1, 2, 4, 8, A and B is .
made to see 1f the sum of all the bits is odd or even (this is a numerical
sum and, or course, cannot exceed 6). If the sum is even, an additional
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bit is added in channel C (parity channel). Therefore, the sum of all
bits in each character must be odd, If the sum is not odd, a parity
error will be indicated to the computer upon read back of the written
information., Appropriate corrective action is under control of the
stored program in the computer. For alpha numeric or BCD code an even
parity check is used. In this case, the 6 data bits are inspected for
an odd sum. If the sum is odd, a parity bit is added to the C channel.
In this case, the parity check is for an even sum. '

These two systems of parity checking are different for the convenience
of the computer. Information written in binary notation and in alpha
numeric codes is not compatible, and the computer must know which one

it is working with., If the computer is set up for a binary code, it
cannot accept the other; hence, an alpha numeric tape placed on the
computer programmed for binary information will immediately show
successive parity errors. Obviously, the reverse condition is also true.

The longitudinal parity check is actually a by-product of the action of
resetting flip-flops prior to recording a record and immediately
following a record. The input register is first cleared, being that

all 7 bits are returned to a common initial state. Following
completion of a record, an interval corresponding to three character
spaces exists, after which all input registers are agein cleared. Those
which are left in a condition opposite to the initial state are flipped
to the starting condition, resulting in a recorded bit on the tape. On
playback, a logical check of the longitudinal parity is made to make
sure that the sum of all bits in all tracks is even. The purpose of

the combined use of the longitudinal and lateral parity is the detection
of dual errors. When a single channel fails, an error will be indicated
by the lateral parity checker. This failure can be caused by a signal
dropout (read head output) below an established threshold, or by a drop-
in (noise pulse). When two errors occur in a single character, a valid
parity indication will be given by the parity checker, Such self-
cancelling errors can occur from these causes:

1. Two dropouts of one bits on different channels.

2, 1Two dfop-ins of one bits on different channels.
It is necessary that these channels have zeros
or the drop-in will not be detected as invalid.

3. A drop-in on a channel containing a zero and a
dropout on a channel containing 2 one.

These errors will not be detected by a check of lateral parity. A
longitudinal parity check will detect errors of this type as the
channels will not end in the same phase as they started (an even
number of ome bits). Such errors are detected by causing a F/F to
change state each time a one bit is read from the tape. If the F/F
is not returned to the zero or starting state after the longitudinal
parity mark, an error will be indicated.

DT-12 63 : Training Department



The lateral/longitudinal system of parity checking is not infallible.
It is still possible for self-cancelling errors to occur and go
undetected. The probability is quite remote, This percentage of
error is usually not considered--but you should be aware that they
could occur under remote circumstances.

OUTPUT LEVELS

In order for detection systems to work properly, the output voltage
levels from the read head must be the same for all kinds of tape used.
This means that tapes recorded on an Ampex machine or an IBM machine
must exhibit approximately the same output voltage levels for a given
tape speed and packing density. This being the case, a threshold level
can be established above which the detection of the information can be
considered a valid one. Any level from the reproduce head which does
not exceed this threshold is then considered to be a binary zero. In
selecting a tape for the recording of IBM information, care must be
taken to insure that the residual magnetism following saturation NRZ-M
recording will produce a read output level compatible with that of a
tape which is furnished by IBM. (See Chapter 2 which discusses tdpe

in greater detail.)

IBM TAPE STATION DESCRIPTION: 15

A typical IBM magnetic tape station is shown in Figure 7., The tape passes
through two vactum columns located on both sides of the READ-WRITE head and
is then taken up by a supply reel. The READ-VRITE head performs the
operations of recording or VRITING information on the tape and repro-
ducing or READING information from the tape as the tape is moved across

the head. The vacuum columns permit constant speced of the tape with-

" out waiting for the reels to accelerate or decelerate when starting or
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Tape motion is related to records on the tape in the following way. -

A tape may never stop in the middle of a record. Thus a partial record
may bhe ead into core storage under program control but the physical
motion of the tape continues until and end-of-record or end-of-file is
sensed. During writing, and end-of-record gap MAY be written while the
tape is movin; at full speed. However, before the tape stops, an end-
of -record gap is ALVAYS written. By this we mean, the register assoc-
iated with .the write system has been re-set to its original state. This
is discussed in detail ih~thc section on parity. ‘

End-of-file gaps or marks may also be recognized by the stored program
while reading a tape. This provides a useful way of secparating large
qu.ontities of different kinds of information on tape.

Instructions are also available which will back-space the tape over a
record or a file., No information may be written or read, however, when
the tape is moving in a2 backward direction. - '

Except for a few milliseconds during starting or stopping, the magnetic
tape is driven at the constant speed, The speed used varies between tape
stations and is indicated in Table II. This speced is the same in either a
foruvard or beckward direction and is not affected, except in the case

oi a REWIND, by the select instrction vhich started the physical motion.
When a REWIND instruction is given and if the tape is positioned more

than 450 feet frowm its load point, a high-speed rewind occurs, The

amount of tape to be rewound is measured zutomatically by a photocell
mechaniem in the tape un’t. This high-speed rewind occurs in the average
time of 1.2 minutes for a reel of tape from 450 to 2400 feet in length.

Figure 5 shows the aluminulmstrips used to indicate the load point
(beginning of tape) and the physical end of tape., These reflective spots
are photo-electrically sensed by the tape unit.

TWO-GAP READ-URITE HEAD:

The 729 Magnetic Tape Unit provides two magnetic gaps for each of the
seven recording tracks. One gco is used for writing and the other for
reading. In the following discussion these heads will be referred to as
the write gap and read gap.

This two-gap read write head (Figure 3) offers increased checking while
vriting. A tape that is being written passes first over the write gap
(to record the data) and then over the read gap (to read what has been
written), Thus, information vwhich has been written is automatically
read. Each lateral row of six bits and the longitudinal check bit for
that row are analyzed, If any discrepancy occurred during the writing
operation it will be detected at the read gap and a trpe error will

be indicated,
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Write Gap Read Gap
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o

TWO GAP HEAD
FIGURE &
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AUTOMATIC ERROR DETECTION AND REFECTICN CN THE 729:

Dual -level sensing is used in the Tape Control Unit to increase discrepancy
detection at the time of writing. Signals received by the checking cir-
cuitry associated with the read-write head are interpreted at two
different energy levels (El and E2 in Figure 9). Random nolse on the tape
rising above thg lower level will cause a parity discrepancy when sig-
nals are interpreted at the lower level (El). A legitimate but weak
signal which fails to reach E2 will cause a parity discrepancy when
checked at the higher level, During writing, a tape check error will

be turned on whenever a discrepancy is detected at either level. This
indicator will also be turned on if the information received at both
levels fails to catch bit for bit.

During reading, however, only parity bit discrepancies at both levels will
incicate an error. 1If the signals sensed at one energy level show correct
parity count, these signals are transmitted to core storage. The signals

sensed at the other level and showing an incorrect parity count are - o
r.otically discerded. If coh ecncryy levels ~u“’1 an incorrce purioy
count he incorvec. deto ot che B2 lceoel ill ¢ transmit .od ¢ core
Leore ¢ ooud (o oervor ind.ocation will be transmitted., The incorrect

data form the El level will be discarded.
CHARACTER SIGNAL LEVELS

Good Signal

| _ . Unwanted Noise

'] Weak Signal

FIGURE 9..

DUAL
CHANNELS E1l
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Several milliseconds after & lateral row has been recorded on tape it will
be read by the read gap and placed in both a HI and LO register in the

Tape Control Unit., If any bit in the character is not strong enough,

an error will be sensed in the HI register. If noise (Figure 9) strong
enough to represent 2 bit is present, an error will be sensed in the

LO register. The contents of the HI and LO registers are matched bit

for bit to check for compensating errors. Any one of the three possible
error conditions will turn on the tape error indicator., This indicator may
be tested by the TRANSFER ON REDUNDANCY CHECK instruction for the Data
Synchronizer.

When information is read from tape it is placed in the HI and Lo registers.
If an error is sensed in the LO register, the contents of the HI register
are transmitted to core storage. Ifin error is sensed in the HI register,
the contents of the LO register are used, If both the registers show

an error, the contents of the HI register are used and the tape error
indicator for the Data Synchronizer is truned on. This indicator may

be tested in the sr~me manner as for the write operation,

MANUAL OPERATION OF THE TAPE UNITS!

On each tape unit, manual operations are performed by using the keys and
lights. A rotary selector switch on a tppe unit determines which one of
the eight tape addresses mcy select this unit, - If the switch is set to 1,
the unit may be addressed o . . o

The select light is turned on only when the calculator sclects the tape
unit. The tape unit is in ready status (the ready light is on), provided
the tape is loaded into the coluuns,the reel door interlock is closed,

and the tape unit is not in the process of finding the load point
(rewind or load operation). Manual control is indicated when the ready
light is off, provided the tape unit is not rewinding or loading and the
reel door is closed. : :

Pressing the start key places the tape unit under control of the tape
control unit (and, indirectly, the computor) and causes the ready light

to be turned on, provided the tape unit is in ready status, Pressing the
reset key remdves the tape unit form the computors control. It turns off
the ready light, and resets all controls to their notwal positionms,

It also stops any tape operation which has been initiated (except high_
speed rewind, which will revert to low-speed rewind). After the tape

is loaded into the vacuum columns and low-speed rewind is in progress, the
reset key may be pressed again to stop the low-speed rewind,

When the door is open, the reecl door interlock prevents operation of the
reel drive motors, If the reel door is closed and the ready light is off,
pressing the load-rewind key causes a fast rewind (if the tape is more then
450 feet from its load point) at the end of which the tepe is loaded into
the vacuum columns and searched in a backward direction for the load point,
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Pressing the unload key causes the tepe unit to rewove the tape from
the vacuum columns and raise the head cover, regardless of the dis-
tribution of the tape on the two reels., If the tape is not at the load
point when the operator wishes to change it, he starts a load point
search by pressing the load-rewind key.

The end-of-tape (ecot) indicator in the Data Synchronizer is turned

on when the tape bresks or when the physiczl end of tape is reached
during a write operation, The END OF TAPE TEST may be used in a pro-
gram to interrogate the status of the end-of-tape indicator in a data
synchronizer., The status of the EOT indicator has no effect upon tape .
operation,

The end-of-tape indicator and light may be turned off by pressing the
reset key on the tepe vnit and then pressing the unload key on the
tape unit. Execution of the ETIT instruction will turn off the EOT
indicator in the data synchronizer.

The plastic tape reels are 10% inches in diameter and are designed so

that the front and back sides of the reel are different. In normal
operation, a special ring is inserted in a groove in the back side of

dhe reel to depress o pin which is then under spring tension, If the
special ring is removed from the reel, the pin rides freely in this groove
and a2 writing interlock is automatically set, ilso, the file protection
light is turned on to inform the program that it is possible for the
program to write on tape. However, this tape may be read,backspaced,

or rewound freely when the file protecition light is on.
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APPENDIX I

BINARY ARITIMETIC AND NUMBERS

1.0 NUMBER SYSTEMS

The number system which is in common use throughout the world today is
the base ten system, There have been other number systems used by
other civilizations. The Romans had their number system which today
is used for such things as chapter numbering, building cornerstone
dates and other applications where simple numbers are involved, This
use is more traditional than practical., Other number systems such as
the base 20 system of the Malayan civilization have fallen into disuse
due to thelr complexity and have been discarded.

The base ten number system has ten allowable marks -- 0, 1, 2, 3, 4,

5, 6, 7, 8, 9. These marks are called Arabic numerals., The value or
weilght of a mark in a number depends solely upon the position it occupies
with respect to other marks, That is, the value or weight of a mark is
changed 10 fold every time it is moved one position to the right or
left of a reference. If we more closely examine this system of tens,
we can introduce a concept which will allow us to aimplify the inves-
tigation., The concept is of a power or exponent. When we speak of
raising a number by a power we really mean that we multiply it by
itself as often as is indicated. TFor example, if we see 63 written we
are expected to multiply 6 x 6 x 6; 103 means 10 x 10 x 10. We then
speak of 6 to the 3 power or 10 to the 3 power. Since 10 is the base
of our number system we can call the small number (3) our index or
exponent which represents the number of zeros in the answer, Thus, for
example, 1279 is a contraction of

1 x 1000 (or 103) = 1000
2 x 100 (or 102) = 200

7 x 10 (or 10l) = 70

9 x 1 (or 100) = 9

1279

The operation just demonstrated requires no conscious thought process --
from constant daily use it has become second nature to us,

Let us consider another number system., This number system has only
two allowable marks: O and 1, Let us, as we have done in the base ten
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system, assign values or weights to various positions.

(27)  (26) (23) (2%) (23) (22) (1) (29
128, 64, 32, 16, 8, 4, 2, 1

In the base two number system each position changes in value by a
factor of two, whereas, in the base ten system each position changes
by a factor of ten. The method of indicating the value of a number

is accomplished by the presence or .absence of a 1, That is, the digit
2 is written in binary as 1 0, 5as 1 0 1, and the digit 9 as
1001, Now, if we wish to indicate the base ten number 1279, we can
convert as follows:

1 x 1024 = 1024
0 x 512 = 0

0 Xx 256 = 0

1 | x 128 = 128

1 X 64 = 64

1 X 32 = 32

1 X 16 = 16

1 X -8 = 8

1 X 4 = 4

1 X 2 = 2

1 x 1 = 1

1 0 01 1 1 11111 = 1279

or to write the binary equivalent of the base ten number 1279 requires
11 positions, Why has the binary number system come into use when it
is so unwieldy? FEquipment design for use with base ten numbers is
many times larger because each position must be capable of 10 stable
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states., 1In the base two system, only two stable states are required.
Thus, numbers, once converted to binary, can be stored and manipulated
by devices which have two stable states, such as flip-flops.

2,0 BINARY ARITIMETIC

Let us now examine the methods of adding, multiplying, subtracting
and dividing of binary numbers., We will use many of the rules and
methods with which we have become familiar when using base ten
numbers,

ADDITION

In general, when the sum of two digits is equal to or greater than the
base of the system in use, the sum digit of the next position must be
increased by one. For example, the addition of two numbers in the
base 2 system must follow the rules outlined in the truth table of

Figure 2-1,
AUGEND 0 1 0 1
ADDEND 0" 0 1 1
SUM DIGIT 0 1 1 0
CARRY 0 0 0 1
Figure 2-1

Thus, to add 15 to 37 we obtain the binary equivalents from Figure
2-3 and add:

1 0joj1ijojt1t 37

111111 15

11 Lp l} Lp Lg Indicates a

carry of one

1101 0 0 = 52
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To prove the answer we can multiply the position value by the marks
contained in those positions

1 x 32 = 32
1 x 16 = 16

MULTIPLICATION

In multiplying two numbers we will be able to use the techniques
developed in the addition of two numbers., Consider the multiplication
of 38 by 5. As in the previous example we obtain our binary equiv-
alent from Figure 2-3

1 0 0 1 0 = 38
x 1 01 =x5
1 ¢ 0 1 0
0 0 0 0 0 O
1 0 011

We then sum the rows and obtain our answer

1 0 01 10
1 0 011 0

1 61 11 1 1 0 =190
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Converting to a base ten number

1 x 128 = 128
0 X 64 = 0

1 x 32 = 32

1 x 16 = 16

1 X 8§ = 8

1 X 4 = 4

1 b 2 = 2

0 x 1 = 0

I 011 1110 = 190

It is best to add two rows at a time., Ilowever, since our answer
contained a row of all zeros we elimigated this row and added the
remaining rows in accordance with our rules for addition,

_SUBTRACTION

The simple direct subtraction of binary numbers is accomplished in much
the same manner as addition, In general, when subtracting two digits,
one from the other, each digit of the minuend is decreased by the
amount of the corresponding digit of the subtrahend. If the minuend
digit thereby becomes less than zero, the minuend digit of the next
higher order must be reduced by one; that is, a 1 must be '"borrowed"
from the next higher order, The rules of direct subtraction are

shown in Figure 2-2,

Minuend Digit 6l]1310]1

Subtrahend Digit cJo1]1 1

Difference Digit 011 1 1]0

Borrow ojoj1l1 |o
Figure 2-2
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When we borrow a one from a next higher position our number for the
position then becomes two, Since there is no mark for two in the
binary system, two is written 1 C.

What is meant by 0 ~ 1 = 1 borrow l in column 3 of Figure 2-2 is:

()]

¥ 'O 1 0 = 2 base 10 number
- 0 1 - 1 = 1 base 10 number

0 1 = 1 = 1 base 10 number

Now if we wish to subtract 15 from 37, we obtain our binary equivalent
number from Figure 2-3 and subtract according to the rule of Figure
2-2,

1 1 'C
1 '¢ '¢ 1 '0 1 = 37 base 10 number

-1 1 1 1 = -15 base 10 number

1 0 1 1 0 = 22 base 10 number
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N

W

10
11
12
13
14
15
16
17
18
19
20
21

016
01l
100
101
110
111
100C
1001
1010
1011
1100
1101
1110
1111
10000
10001
10010
10011
10100

10101

22 10110
23 10111
24 11000
25 11001
26 11010
27 11011
28 11100
29 11101
30 11110
31 11111
32 100000
33 100001
34 100010
35 100011
36 100100
37 100101
38 100110
39 100111
40 101000
41 101001
42 101010
Figure 2-3

43
44
45
46
47
48
49
50
51
52
53
54
35
56

57

58
59
60
61
62
63

101011
101100
101101
101110
101111
110000
110001
110010
110011
110100
110101
110110
110111
111000
111001
111010
111011
111100
111101
111110
111111
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DIVISION

Division of binary numbers is accomplished using rules similar to those
ugsed with base ten numbers, That is, the rules which apply to subtrac-
tion and multiplication are utilized to obtain the quotient when the
divider and the divisor are known, For example, when dividing the
binary equivalents of the base ten number 42 by the base ten number 6,
we obtain our answer, the binary equivalent of base ten number 7,

1 1 1 = 7 (base ten number)
11 0// ! o1 010
110
L'¢'0 1
1 1 0
011 0
1 1 0

3.0 LOGIC

All digital systems make use of the fact that operations take place

in a series of discontinuous steps. Such steps are usually oriented
around the binary system because of the simplicity of two state devices.
Such systems are referred to as switching networks and their bechavior
can be depended upon to fumction in an orderly prearranged manner.

All switching circuits can be reduced to mathematical equations using
Boolean Algebra, Boolean Algebra derives its name from George Boole,
who first introduced it in 1847 in a paper on the mathematical analysis
of logic. The adaptability of this form of algebra to digital switch-
ing circuits appears to have been first pointed out by C.E. Shannon
some ninety years later (1938) in the TRANSACTIONS of the American
Institute of Electrical Engineers. Since 1938 the interest in Boolean
algebra and the extent of its use have grown rapidly, with its growth
closely paralleling the rapid development of complex switching
networks as found in automatic telephone dialing systems and in large
digital computers,

Boolean algebra is an extremely simple algebra, and as will be showm,

is of great value in the design and understanding of switching networks.,
What the algebra provides is a convenient means of representing a
switching circuit without drawing the circuit,
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Basic Principles of Boolean Alzebra

In Boolean algebra, there are only two different quantities or values
which come into consideration and these quantities are O and 1,
Arithmetic operations in Boolean algebra with "numbers" which can be
only O or 1 bear little resemblance in meaning to the arithmetic
operations in ordinary algebra, although in many instances the rules

for performing the operations are the same, 1In particular, addition will
be assigned the meaning of "OR" and multiplication has the meaning of
"AND", The results obtained when "adding'' and "multiplying" the

various combinations of O's and 1's are as follows:

0+0=20 0x0=0
cC+1=1 0x1=0
1+0=1 1x0=20
1+1=1 1x1=1

The first equation involving "addition' has the meaning, "O OR O is
equal to 0", The second equation has the meaning "0 OR 1 is equal to 1"
because the OR function, as indicated by the plus sign, serves to
signify that the resultant quantity is 1 if either of the given
quantities is 1, This interpretation of the OR function includes the
case where both of the given quantitices are 1; therefore, "1 OR 1 is
equal to 1", Since there is no such quantity as 2 in Boolean algebra,
the latter equation is, of necessity, different from anything found

in ordinary algebra, A simple example of the Boolean algebra OR
function would be a fire-alarm device which may be actuated by signals
from two different sources., The signal from each source may be rep-
resented by a 1, and the absence of a signal may be represented by

a 0, The signal lines from the two sources should be combined so that
the alarm will sound whenever a signal is received from either source,
In other words, a signal is sent to the alarm when a signal is
received from one source OR the other source. Of course, if signals
are received from both sources simultancously, the alarm will sound

in this case also, but not with twice the amplitude.

The equations involving "multiplication" have corresponding meanings,
but with the word "AND" substituted for "OR". The AND signifies

that the resultant quantity is 1 only when both of the given quantities
are 1, The last equation, which states that "1 AND 1 is equal to 1"
should not be confused with addition or ordinary algebra., An
elementary example of an AND function would be the firing of an
explosive charge through the use of two signals where, in the interest
of safety, it is required that both signals be present simultaneously
in order to cause the charge to explode. The charge will explode
only when a signal is received from one source AND the other source
also,
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As in ordinary algebra, symbols mey be used to represent *"unknowns"

or "variables", although the range of variation is limited to ome or
the other of the two discrete quantities, C and 1, The symbolic
equation C = A + B, for example, means that C is 1 4f A OR B is 1

(or if both are 1); otherwise, C is O, Similarly, the equation C = AB
means that C is 1 only if both A AND B are 1; otherwise, C is C.

Application to Digital Components

The bare rules of Boolean algebra, as described in the previous section,
probably seem somewhat artificial and pointless when considered by
themselves, but their meaning and application should become more
understandable when the correlation between the functions and digital
components is described in more detail.

Y D

(a) (b)

Figure 3-1

The OR switch may have any number of inputs, and each input will be
indicated by a separate line. The output from the gwitch correspond-
ingly will be represented by a line, as indicated in Figure 3-1 (a).
If the input signals to a two-input OR switch are represented by the
variables, A and B, and the output by C, the functional relationship
between the output and the inputs may be designated by the equation,
C = A+ B, Of course the input variables are always the independent
variables, with the output being dependent upon the inputs., Again,
each variable is either 1 or 0, according to the presence or absence
of a signal on its corresponding line, The equation, therefore, has
the meaning that 2 signal will be present on line C if a signal is
present on line A "OR" on line B (or both),
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A simple AND switch will be similarly symbolized, as shown with two
inputs in Figure 3-1 (b). 1In the case of the AND switch, the
functional dependence of the output C, expressed in terms of inputs,
A and B, may be represented by the equation, C = AB. The meaning of
the equation is that C is 1 only when both A AND B are 1.

The importance and usefulness of Boolean algebra notation can be seen
from an application of the fundamentals just discussed., Consider the
requirement of producing an output when inputs A AND B are 1, or when
inputs C AND D are 1. This requirement can be expressed in Boolean
notation as E = AB + CD and the switching network which will perform
this is illustrated in Figure 3-2,

0 AB + CD = E

(=]

Figure 3-2
However, it is possible to write down the desired switching function
in other ways. One other way is indicated by
(A+C) (A+D) (B+C) (B+D) = E

and is identical to E = AB + CD., The switching network of Figure 3-3
illustrates this approach.
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When OR and AND gates are fabricated from diodes, the number of diodes
contained within any given gate is equal to the number of inputs,
Therefore, a total of 6§ diodes is required for the switching network

of Figure 3-2, and 12 diodes are required for the network in Figure 3-3.

If the switching circuit given in Figure 3-3 had been given first,

a reduction in the required number of diodes could have been achieved
merely by performing algebraic manipulations without any consideration
to the switching circuits themselves.,

In the previous examples we considered only the AND and OR functioms.
It is often necessary that a function be inverted so that when an

input is present another function does not occur. The AND gate

output results in an output only when all of the inputs are coincident
and are true. Such a circuit, when combined with an inverter becomes
an anti-coincident gate., Such circuits are also referred to as NOT AND
and NAN gates., Examples of these circuits are shown in Figure 3-4,
Figure 3-4 (a) indicates the AND and NOT circuit combinations.

DT-12 Training Dept,



It is also possible to combine the OR and NOT circuit as is shown
in Figure 3-4 (L), Such combinations are called NOR gates and
produce & false or zero output when any or all of the inputs are 1 or

true,
A“_ A"—-—‘
A . C 0 c
B-— B
(a) (b)
¢ = 4B C=A+3B
. — .
A - C 0 c
B—-——-ﬂ
() . (4)

Figure 3-4

A possible method of construction of the NAN gate of Figure 3-4 (a)

is shown in Figure 3-4 (c). Likewise a possible method of constructing
the NOR of 3-~4 (b) is shown in 3-4 (c) above.

Another basic digital building block used in switching networks is
the inhibited OR gate, This logic element finds application where it
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is desired to prevent an output in the presence of an input occurring
during an event taking place in another part of the system. Such a

block is shown in Figure 3-5 (a). An OR is combined with a NOT and
an AND in Figure 3~5 (b),

E=C (A +B)

(2) (b)

Figure 3-5

‘The arrangement of Figure 3-5 (b) is one possibie method of producing
the results desired,
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APPENDIX I1

JBM MAGNETIC TAPE SPECIFICATIONS

The following specifications pertain to both Mylar* and Cellulose Acetate
base tapes. (Durexcel tape has a specially formulated, long-life, mag-
netic coating on a Mylar base.)

1. Materials to be as follows: Tape to consist of a base material coated
on one side witch a strong yet flexible layer of ferromagnetic material
dispersed in a suitable hinder,

Tape Dimensions to be as follows: Tapes of various lengthe may be used.
Up to 1200' length tolerance to be plus 20' minus 0', Greater than 1200'
length tolerance to be plus 50' minus 0', Maximum nominal length to be
2400'. Width of the tape to be 0.498 of an inch with a limit of plus

or minus 0.0002 of an inch. Total thickness for all tape to be 0.0019
of an inch with a tolerance of plus or minus 0.0002 of an inch with a
base material thickness of 0,00145 of an inch plus or minus 10%. Long-
itudinal curvature to be less than 3/8 of an inch per 36 inches of tape;
measurement to be made with magnetic oxide surface and the tape, pleced
on a flat surface, permitted to assume its natural curvature.

Physical Requirewents to be as follows:

Magnetic oxide surface to be free of raised areas, holes or any foreign
matter. Surface of base material to be free of powder or accumulation
of deleterious matter which would cause incorrect operation or necessi-
tate increased servicing of the machines. Tape not to be spliced.
Acetate Tape: Tensile strength to be a minimum of 8 pounds.
Elastic elongation under 5 pounds tension to be less than 1.5%.
Change in width of tape due to a change in relative humidity
and temperature within the operating limits (3) to be less than
0.40%.
Mylar Tape: Tensile strenmgth to be a minimum of 12 pounds. Elas-
tic elongation under 5 pounds tension to be less than 1.5%.
Change in width of tape due to a change in relative himidity and
temperature within the operating limits (3) to be less than 0.30%.

The above 'Tape Dimensions™ and "Physical Requirements' are based on
measurements made under the following conditions:

a) Tape to be rewou™ a minimum of three times in succession

with less than 1.5 pounds tension in a room conditioned at
659 to 75° Fahrenheit and 45% to 55% relative humidity.

b) Tape to be kept under these conditions a minimum of 24 hours
before tests are made.

2. Magnetic Performance: Magnetic performance to be measured with a
recording head which conforms to the following specifications:

a) Recording head to consist of 7 parallel channels.

*DuPont's registered trademark for its polyester film.
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4.

5.

b) Track width to be 0,0320 of an inch with a tolerance of plus
zero inches or minimum 0, 0005 of an inch and a channel spacing
between centers of tracks to be 0,0700 of an inch with a limit
of plus or minus 0, 0003 of an inch.

c) Center line of Track 1 to be 0,040 of an inch with a limit of
plus or minus 0,001 of an inch from edge of tape.

d) Recording gap length to be 0.0005 of an inch with a limit of plus
or minus 10% and perpendicular to direction of tape travel.

e) Recording head to be tapered 6 with a limit of plus or minus 0, 5
downward from the horizontal plane.

Average peak output as referred to in these specifications means the average
amplitude of the voltage envelope of aminimum of 100 pulses sensed by the
recording head operated in contact with magnetic tape moving at a speed of
75inches per second, having a square wave recorded on itat saturation (Non-
Return to Zero recording method)and a bit density of 200 bits per linear inch,

The coercive force shall not exceed 280 oersteds,

The average peak output of a magnetic tape when compared to an IBM Test Tape
shall not vary more than 5% from the average peak output of the IBM Test Tape.

No dropout of signal to occur with resultant output less than 50% of average
peak output. No noise signal to be greater than 10% of average peak output
level, When testing for noise, tape to be saturated in one direction, When
stored at 150 Fahrenheit for 8 iiours, no transfer of signals to occur between
layers greater than 1% of average peak output,

Operating Limits: Acetate Tape to be used in area where the relative
humidity is in the range 40% to 60% and temperature from 659 to 800
Fahrenheit, Mylar may be used in area where relative humidity is not con-
trolled and temperature is in a range from 400 to 1200 Fahrenheit,

Storage:

Acetate Tape: After prolonged storage under controlled temperature
60° to 80° Fahrenheit and 40% to 60% relative humidity, no deterior-
ation of magnetic oxide, binder or base to take place which will
prevent the magnetic tape from meeting these specifications.

Mylar Tape: After prolonged storage under controlled temperature
409 to 120° Fahrenheit and 0% to 75% relative humidity, no deter-
ioration of magnetic oxide, binder or base to take place, which
will prevent the magnetic tape from meeting these specifications.

Markets: Photo-sensing markets to be attached to magnetic tape as follows: -

a) Photo-sensing market to be not less than 1 inch in length,
Width of market to 3/16 of an inch with a limit of plus or
minus 1/64 of an inch, Maxrket to consist of a transparent
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plastic base material with a uniform thickness of 0.0005
of an inch with a limit of plus or minus 0.0001 of an inch.
Vaporized aluminum coating to be sandwiched between the
base and a thin layer of a pressure-sensitive, thermal
setting, low cold flow adhesive.

Markets to be attached to base (uncoated) side of tape with
the 1 inch dimension parallel to edge of tape. One market

to be placed 14 feet with a tolerance of plus 1 foot or minus
zero feet from end of tape nearest hub of reel. Marker to be
not more than 1/320f an inch from Track C edge of tape. A
second marker to be attached 10 feet with a tolerance of plus
1 foot or minus zero feet from other end of tape. This
marker to be not more than 1/32 of an inch from Track 1 edge
of tape., Markers not to extend beyond edge of tape.

Markers to be firmly attached to tape and free of wrinkles.
No adhesive material to extend beyond edges of markers.

b) Grounding leader (required for IBM Type 726 Magnetic Tape
Unit) to be of non-magnetic stainless steel, 36 inches, in
length. Edges to be broken 4nd free of burrs., Width to
be 0,495 of an inch with a limit of plus or minus 0.002 of
an inch. Thickness to be 0,0017 of an inch with a limit of
plus or minus 0.0002 of an inch.

End of tape nearest hub of reel to be butt joined to leader

and secured on base side of tape by approximately 1l inch of

an oil resistant polyester film with a thin layer of a pres-
sure-sensitive, thermal setting, low cold flow adhesive. Ten-
sile strength of joint to be a minimum of 3 pounds, No adhes-
ive material to extend beyond edges of leader or tape. Other
end of leader to be suitable for secure connection to grounding
pin in reel hub,
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Figure 6-2.
Transport Electronics Assembly, Schematic Diagram

(31 04438 10C)

6-5



Z
r
2 x ’
el —
43 ZO
I3
g ':;‘v.l
6 Gz 5 -
< o o jl
. e e Q
oy o —— A — o o
Z . ‘ 3 >
L. = 23 Q 2 o xa w =)
o s o < Z z 2 me . Z x @ 40 2
u< o X [a) =) 17 B C R R re o =z oo O
i 0 - z a o z zZ - < <o < <>
= . S = 2 - E z N o 235 o
= w Z B a > x Pee o S >
z o z z - & " 2 2w x a z z voww 5 Z x $20 =&
g gy g 3 =23 2 5o 7 3. % R Zes 3
< < o < a 2w o (@] w 2 & s bt - trall 4 2] b Zz N = o
> > < > b T & o a o Z w NS 2 oo o o o a9 Y
o~ ~ © - z < > a a Z = T I > w < ; ; N 2
Z = g, — o2 T n [GING) & z £ 33 > Z2zao & Z <o O
N 9 Uz + iy bl . 2 32 50 Q@ < < s I 3 =
N PN | X & W P jp— Ao @ o~ L Tz oo o 2§U‘I.—A_\ = bV R T W,
LA 8 (i D £ H s Ty ¢ M K N PR J * fev wx 24 e & " S " et pe
I AN = . A T L9
- . _ N NN N
ﬁ I - gs \{/ \}/ s
I O 3 21
. v -6 — () e ! " «de || kdc (L MANUAL 1810 "
len = T b 1 Tlsisa A Y
o1 o =
SG | S AUTO
POWER R2 I T'I= cw |’ k8
SWITCH g P §|5mee TedTg mmm
Kz(s)g (04 .« STOF
g | ' SENS| K8A -
: ’ sl {15974 =<
.
R
K2A ‘ RG 8D
ql l %75}( <
}
Low, - e HIOH] | T al—
DSIJ | Josz ! _ s : — >~
' ke(d 1 K3 K4
Y I S— (78571 . . r
Lo Lo lee b - :
| -
: %53" T La
R i — L
i MB97b—  [7381]
: ; M
1 : : s
4 ¢ : 134
KGB K38 58 s9
; FAST | |-rast Fwo b rev |
‘w FwD I REV I
; l R i > < > > >
i
! | : KA KBC  $K3A  §KGC K48 K58  {K3C
Wslcmrizs CHASSYS FRND ~ ‘—-‘T SIGNIFIES COMMON G R (KD

USED WITH ASS'y

NO 3i054371C

SI13-

D-E NOT USED

. ALL DIODES ARE iN20G9

ALL RESISTCRS IN OHMS

“NwhOON

NOTES: UNLESS OTHERWYSE SPECIFIED

. ALL CAPACITCORS IN MICROFARADS

ALL RELAYS SHOWN N DEENERGIZED POSiTION

piqure-6-4.

hed
~N

Pushbutton Control Assembly, Schematic Diagram
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