










































































































































































































































































































































































































































































SELECT DENSITY

The tape transport select density circuit provides control to the circuits and
an indication of density selected. This select circuit can be manually con-
trolled from the operator panel or indirectly controlled by the central proces-
sor.

The manually selected high density supplies a "1" from the input circuit to the
Set Select Density FF. The FF output is supplied to the high density relay
puller causing the respective indicator to illuminate; to the read gate circuit
to enable the appropriate delay, and through an output circuit to the central
processor as an electrical indication of tape density.

FILE MARK STOP AND END OF RECORD

The file mark stop circuit provides an end of operation pulse to the TCU and
stops motion during read if an end of record, load point marker, or file mark
is detected when a stop on file mark has not been selected. If a stop on file
mark is selected, motion stops only when a file mark or load point marker is
detected.

Stop on file mark is a circuit condition that is externally controlled from the
TCU. Once the stop on file mark is selected, the tape input must have a double
octal 17, followed by an end of record space, to produce an end of operation
and file mark output.

The Stop on File Mark FF is set 1 usec after a "1" is applied from the TCU.
The output of the Stop on File Mark FF prevents an end of operation signal to
the TCU.

When the space (end of record) after the double octal 17 is reached, the End of
Record FF is set. The "O" output initiates the 200 usec delay timer.

The "O" output of the 200 usec delay circuit is applied through an inverter
to partially enable the end of operation AND output, to a 10 usec delay circuit,
and to partially enable the AND input to the Stop on File Mark FF.

The octal 17 input from read register rank II, AND's the input to 1529 pro-
ducing a "O" output with no effect. Simultaneously, the octal AND's the input
to the File Mark FF. After a 1 usec delay the File Mark FF is set causing a
"1 output. The "1" output is supplied to the AND input of the Stop of File
Mark FF which allows the flip-flop to clear. The "1" output also partially
enables L508. This enables the end of operation AND circuit, coupling the end
of record pulse to the TCU. ‘
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LOAD TAPE OPERATION

1. Power on
a« Set unload FF
b. Set fault FF
c. Clear set loops FF

d. Clear rewind unload FF

2. Depress load switch on operators panel
a. Set the set loops FF
b. Energize fault by pass solenoids
c. Clear unload FF

d. Energize rotary pumps, capstan motors and reel drive motors

3. When pressure and vacuum builds up
a. Drive supply reel clockwise

b. Loop forms in right hand buffer column

4. Tape loop in right hand column drops below upper photocell
a. Deenergize right fault bypass solenoid
b. Set search load point FF

c. Set forward FF

5. Forward capstan moves tape in forward direction
a. Loop forms in left hand column

(CCW motion of take up reel disabled)

6. Tape loop in left hand column drops below upper photocell
a. Deenergize left fault bypass solenoid

b. Clear set loops FF
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7. Load point is detected
a. Set load point FF
b. Clear forward FF

c. Set extend pad FF

8. Pressure pad extends
a. Pad switch closes
b. Clear switch load point FF

c. Load point signal to synchronizer
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REWIND

1. Depress rewind switch on operators panel
a. Set rewind FF
1) Set search load point FF
2) Clear extend pad FF

3) Partial enable to set reverse FF

2. Pressure pad retracts
a. Pad switch opens
1) Set high speed FF

2) Set reverse FF

3. Move tape in reverse
a. Gate vacuum to reverse capstan
1) Left top photocell "off" and right bottom photocell '"on!
b. Gate pressure to reverse capstan
1) Left top photocell "on"

2) Right bottom photocell "off™"

4. Load point detected
a. Set load point FF
1) Clear high speed FF
2) Clear rewind FF
3) Clear reverse FF

4) Set extend pad FF

5. Overshoot load point marker

a. 10 msec past load point
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1) Clear load point FF

2) Set forward FF

6. Tape moves forward (normal speed)

7. Load point detected moving forward
a. Set load point FF

1) Clear forward FF

8. Pressure pad extends, switch closes
a. Clear search load point FF

b. Send load point signal to synchronizer
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REWIND UNLOAD OPERATION

1. Depress unload switch on operators panel
a. Set rewind unload FF
1) Set rewind FF
2) Set search load point FF
3) Clear extend pad FF
4) Partial enable to set reverse FF

5) Clear ready FF

2. Pressure pad retracts
a. Pad switch opens
1) Set high speed FF

2) Set reverse FF

3. Move tape in reverse
a. Gate vacuum to reverse capstan
1) Left top photocell "off" and right bottom photocell '"on"
b. Gate pressure to reverse capstan
1) Left top photocell "on"

2) Right bottom photocell "off"

4. Load point detected
a. Set load point FF
1) Clear high speed FF
2) Clear rewind FF
3) Clear reverse FF

4) Set extend pad FF
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5. Overshoot load point marker
a. 10 msec past load point
1) Clear load point FF

2) Set forward FF

6. Tape moves forward (normal speed)

7. Load point detected moving forward
a. Set load point FF

1) Clear forward FF

8. Pressure pad extends, switch closes
a. Clear search load point FF
b. Set rewind FF
1) Clear extend pad FF

2) Partial enable to set reverse FF

9. Pressure pad retracts
a. Pad switch opens

1) Set reverse FF

10. Tape moves in reverse. End of tape drops off take up reel
a. Pneumatic switch opens. Fault conditions
1) Set fault FF
2) Apply brakes to drive reels
3) Set unload FF
4) Clear rewind unload FF
5) Clear extend pad FF

6) Drop power to pumps, capstan motors and reel motors
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SPECIAL PURPOSE CIRCUITS

1. IAA. IAB - RELAY PULLER
:l: ’ﬁ XXX X GND -
d -20V
IAA - XXX
SET OUTPUT
2. IJA - FLIP-FLOP WRITE DRIVER r
SET o DRIVER
K=-- OUTPUT
XXX
AR K-mm DRIVER
CLE ® OUTPUT
l CLEAR OUTPUT
°gY CLR OUTPUT + -
Ao —20V
SET M I~ vge l
K100 "ﬁRIVER‘
I FLOUW
: ono e GND
CLEAR 0 K001 Iv —®HRIVER T
’ JN' —» —EDV
919 SET OUTPUT
+2/3V 1
cre——
3 XXX X 939 LIGHTED
° >

OAA - PHOTOCELL AMPLIFIER Wj
3

0AA - XXX v0Y UNLIGHTED
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4.

UAB - ADJUSTABLE DELAY 0y XXX oyo
Xz DRGSR 705 AF R
°Q° SECO
URB 2 %Xx| X MICROSECONDS

XXX
5. L CARD {9 CARD - OUTPUTZ o1 9 | GND
oge L--- -20v
XXX

—20v
GND
OPEN 4 L--- A

XXX
6. M CARD {87 CARD - INPUT} GND - 91,9
{OPEN ORT-20V © 1A
7. INVERTER
OPEN OR 91° o _©ge°
GND OR vQv L°
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STUDY QUESTIONS

1. When recording by the NRZ1 method, which of the following is correct?

All '"one" bits in a particular track have the same polarity.

All '"zero" bits are of the same polarity as the '"erased" portion of the
tape.

All '"zero" bits on tape are of opposite polarity to all "one!" bits on
tape.

All "one" bits on tape are of opposite polarity to the preceding one
bit in the same channel.

2. A "track" on magnetic tape refers to

The space separating adjacent heads.
The scratches left on tape if recording head is misaligned.
The longitudinal recording on tape caused by each individual head.

The transverse positioning of bits.

3. 1In 60X recording format, a frame is composed of the following:

e

b.

Ce.

d.

Seven transverse data bits in tracks 0-6.
Data recorded in tracks 0-5 with track 6 denoting parity.
Track 0 being parity and tracks 1-6 containing data.

Six data bits and a sprocket bit.

4., What is a '"record" on tape?

Qe

b.

Ce

dl

A group of frames covering 3/4 inches of tape.
Data on tape resulting from one complete output from the computer,
A specified length of tape on which data may be recorded.

An octal 17 placed on tape to designate completion of a file.
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6'

7.

80

What

is the function of the load point and end-of-tape markers?
Provide compatibility with other magnetic tape equipment.

To index the beginning and end of the usable portion of the tape.
To stop tape motion under certain conditions.

All of the above are correct.

is meant by the term 'density"?

The thickness of the oxide coating on the tape.

The quality of the oxide material.

The number of bits recorded per longitudinal inch in each track.

The amount of tape on a full reel.

Which of the below represent acceptable density levels?

2400 feet @ 1.5 mils or 3600 feet @ 1 mil.
6 inches or 3/4 inches.
200 BP1l, 556, BPl, or 800 BPl

5 level, 6 level, or 7 level

The file protect ring, installed on the supply reel, will:

Disable write circuits, preventing data recording.
Extinguish "overhead" lights signaling write function not possible.
Enable write circuits, allowing data recording.

Prevent unauthorized operators from using tape.

In regards to 60X tape format vertical parity, which of the following is
correct?

ae

b.

In BCD format, the parity bit is chosen to make total number of '"one"
bits odd.

In binary format the parity bit is always a "one'".

2-5-51



c. In binary format the parity bit is chosen to make total number of
"one" bits even.

d. In binary format, if the 6 data bits contain even number of '"ones", the
parity bit will be a '"one',

10. When set for BCD, which of the following words would be illegal?

a. 001001
b. 001111
c. 000000

d. None of the above.

11. In each and every "frame" there must be at least one recorded "one' bit.
Why?
a. The sprocket bit is always present.
b. All zero's in BCD are illegal.

c. All zero's in binary would result in a "one" for parity.

d. b and c are both correct.

12. When set for "binary'", which of the following would require a "one" for

parity.
a. 000000
b. 010010
c. 011110

d. All of the above.

13. The load point marker is:
a. Placed on the base side of the tape near the edge away from the operator.
b. Placed 18 feet from the physical beginning of the tape.
c. Placed on the oxide side of the tape on the edge nearest the operator.

d. Placed 15 feet from the beginning of the tape on the edge nearest the
operator and on the base side.
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14,

15.

16.

17.

The end of tape marker is:

a. An aluminum strip placed 25 feet from the end of the tape.
b. Placed on the base side of the tape.

c. Placed on the edge away from the operator.

d. All of the above are correct.

Complete the following using non-return to zero, change on 1l's (Binary
format.)

Operation Binary Representation Flip-Flop
Clear Register 0 000 000 C CCC ccC
Write 25 0 010 101 C CSC S¢S
Write 52
Write 36
Write 14

Clear Register

In the above, what will the check character be?

a. 155
b. 022
c. 122
d. 055

File protection rings are used to:

a. Engble the read circuits during a read operation.

b. Turn on overhead lights so operator can see to load tape.
c. Enable write circuits so write operation may be performed.

d. Disable erase head during write operation.

2-5-53



18.

19.

20.

21.

When tape is moving in a forward direction, which of the following is
correct?

a. Pressure is gated to the left capstan, vacuum to the right capstan, low
vacuum to brake port.

b. Vacuum is gated to the left capstan, pressure to the right capstan.

c. Vacuum is gated to the left capstan, pressure to the right capstan,
and low vacuum to the brake port.

d. Pressure is gated to both capstans and a high vacuum is gated to the
brake port.

During

a high density (556 BPI) write operation, what is the length of

time required to write one frame?

a. 33
b. 48
c. 12
d. 12
During
a. 60
b. 30
c. 40
d. 60

microseconds
microseconds
milliseconds

microseconds

a write operation, write current is approximately:
microamps
milliamps
milliamps

milliamps

Which of the following statements concerning the approximate start - stop
times is correct?

a. Stop time of 2 milliseconds, start time of 3 milliseconds.

b. Stop and start time are both 3 milliseconds.

c. Start time is 3 milliseconds, stop time is 4 milliseconds.

d. Start time is 2 milliseconds, stop time is 3 milliseconds.
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22,

23,

24,

25.

26.

Why

d.

The

is it necessary to have vacuum buffer columns of the tape unit?
Start/stop time of reel drive units too slow.

Damage to tape if capstans pulls tape directly from reel.

Rapid direction change would stretch or break tape.

The amount of tape a reel drive unit could handle per second varies
with the amount of tape wound on the reel.

All of the above are correct.

60X Magnetic Tape unit data transmission is:
Twelve bits plus parity bit.

Six or twelve bits plus parity bit.

Six data bits plus parity bit.

Depends on computer being used.

60X delivers which of the following groups of signals to the controller?
Write ready, end of tape, write sprocket.

Write ready, high density selected, read sprocket.

End of operation, low density selected, end of tape.

Read select, read sprocket, load tape.

"busy'" signal notifys the controller that:
The tape unit is performing a local write.
The tape unit is doing "off line'" operation.
Tape is in motion.

None of the above.

Read Sprocket signal from the tape unit to the controller:
Synchronizes the data input with the controller.

Is produced only when a frame contains at least one "1" bit.
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27.

28.

29.

30.

Ce

d.

Is produced in the

All of the above.

Which of the following

The write sprocket
The write sprocket
The write sprocket

None of the above.

tape transport.

statements concerning the write sprocket are correct?
is recorded as a data bit in track 7.
is generated by the tape unit write circuitry.

is a timing pulse generated by the controller.

The write ready signal to the controller signifys that:

ae

A tape has been written successfully.

A write operation is already in progress.

The file protect ring is in place and a write operation may be performed.

The file protect ring has been removed and a write operation may be

performed.

Gating pressure or vacuum to the capstans is controlled by:

aoe

Tachometer circuits.

Servo drive circuits.

Motion flip flops, K400/401 & K402/403.

The high speed relay.

a fault condition occurs, which of the following is true?

Motion will continue but the busy signal will drop.

Low vacuum will be

applied to the brake port.

Motion stops and reel brakes are applied.

K113 will enable drive pulses to tape reels.
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31.

32.

33.

34,

Immediately after setting K402/403, which of the following occurs?
a. L1407 will output a "0".

b. TI408 will output a constant "1",

c. I408 will output a constant "O"

d. I408 will output a "O" for a period of 2 milliseconds.

e. 1408 will outut a "O" for a period of 1.5 milliseconds.

Which of the following is a true statement about the '"busy" signal?
a. The busy signal is a 5 msec pulse to the

b. When tape is moving the busy signgl is sent out as a 5 millisecond
pulse.

c. When tape is in motion a constant busy signal is sent to the controller.
It will drop 5 milliseconds after motion stops.

d. The busy signal will not be sent during rewind.

For a period of 2 milliseconds after K400/40l1 is set, which of the Y=--
transistors will be conducting?

a. Y429, Y428, Y427, Y434, Y431, Y430

b. Y424, Y421, Y420, Y434, Y433, Y432

c. Y429, Y426, Y425, Y434, Y433, Y432

d. Y434, Y433, Y432, Y429, Y428, Y427

Depressing the "forward" switch on the maintenance panel when the tape unit
is "ready" will cause:

a. M402 to output a "1" pulse setting the forward FF,

b. M400 will output a "1" setting K400/401.

c. No action due to the "and" gate out of M402 being disabled.

d. A fault condition to occur.
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35.

36.

37.

38.

Immediately after clearing K400/401:
a. Pressure will be applied to both capstans and the brake port.

b. Pressure is applied to the forward capstan and high vacuum to the
brake port.

c. Pressure is applied to the reverse capstan and low vacuum to the brake
port.

d. Pressure is applied to the forward capstan, vacuum is applied to the
reverse capstan, and high vacuum to the brake port.

Erroneously a write/reverse signal is sent to the 606, what will happen?

a. Tape would not move due to I537 breaking the "and" gate to I40Ll.

b. A fault condition will exist and tape will not move.

c. The tape will move in reverse at 150 inches per second but no data will
be written.

d. Data will be written but will have to be read also in reverse.

In a forward motion, tape speed out of the buffer column increases, the
voltage at J204-X will:

a. Increase in a positive direction.

b. Increase in a negative direction.

c. Only affect the operation in rewind.

d. Cause the forward capstan speed to increase.

When K102/103 (Page 2-7-6) sets, what effect does it have on the servo drive
control circuitry logic?

a. Permits CW drive of supply reel to load right hand vacuum chamber.
b. Causes brakes on both reels to be released.

c. Disables the tachometer circuit while tape is in rewind.

d. Prevents CCW drive of take up reel, effectively locking reel, during
loading.
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39.

40.

41.

42.

43.

Refer to take up reel photosense circuits., If tape in left hand column is
above both photocells which of the following is correct?

a. "1" input into Y305 and Y306, applying brake.
b. "1" input into Y305 and Y306, driving CCW,
c. "O" input into Y305 and Y306, applying brake.

d. "1" input into Y307 and Y306, driving CW.

In high speed operation tape speed is controlled by:

a. The tachometer circuit.

b. Varying the speed of the capstan.

c. Intermittent gating of vacuum and pressure to the reverse capstan.

d. Intermittent gating of vacuum to the brake port.

Setting K400/401 and K402/403 at the same time is:
a. Impossible unless component failure occurs.
b. Possible under certain selected conditionms.
c. Possible but will cause a fault condition.

d. Normal procedure when changing direction of tape travel.

What will happen if forward command drops during write operation?

a. Tape will continue until complete record is completed.

b. The forward FF will clear stopping tape motion.

c. 1404 output will be a "1" preventing K400/401 from being cleared.

d. Normal operation continues.

During a write operation an end of tape indicator is sensed. The 606 will:
a. Stop immediately.
b. Stop at end of record.

c. Automatically rewind to load point.
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44,

45.

46.

47.

48.

d. Stop if operator terminates the write.

Having the file protect ring in place allows the 606 to:
a. Enable erase head.

b. Supply write head current.

c. Send the controller a ready to write signal.

d. All of the above.

The purpose of the file protect solenoid is to:
a. Hold the file protect ring in place.

b. Retract file protect switch from hub.

¢c. Turn on overhead lights.

d. Allow write operation if file protect ring is forgotten.

Inverters 1008 and I016: (Write Control)

a. Prevent write current from flowing in the write heads during a Read
operation.

b. Clear the write register at the start of a new record.

c. Help bias the Read Level during a Write operation.

d. Clear the write register when a Write operation terminates.

The tape unit is reading a reel of tape that has the file protect ring
properly in place. Which of the below is a correct statement?

a. The erase and write heads are disabled due to K203.

b. The erase and write heads are disabled due to the effect of the dummy
load R216.

c. The erase and write heads are not disabled but a write enable into MO008
is necessary for writing.

d. The erase heads are enabled regardless of K070/071.

What determines the density at which frames are recorded on tape?
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49'

50.

51.

52.

Rate of signal at J208-J.
Rate of signal at J209-K.
Rate of signal at J208-T.

Rate of signal change at J208-A thru H

What is the purpose of the individually adjustable UCB card?

Ae

b.

C.

d.

d'

Insure that the sprocket pulses are of the proper voltage level,
Delay sprockets to insure data will be aligned vertically on tape.
They are adjusted to delay data in low density.

None of the above.

long does information remain in rank 1 during a write operation?
3 microsec
5 microsec
1 microsec

Not possible to determine with the information furnished.

long does information remain in rank 2 during a read operation?
2 microsec

.5 microsec

1 microsec

5 microsec

What is the duration of the Read sprocket pulse?

ae

b.

C.

2 microsec
4 millisec
4 microsec

Depends on density selection.
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53.

54.

55.

56.

57.

Which of the following statements about the end of operation are correct?

a. End of operation is a 200 usec signal.

b. End of operation is a 10 usec signal transmitted after each frame.

c. End of operation signal is transmitted only after file mark is detected.

d. End of operation is a 10 usec signal trasmitted 200 usec after last frame
of a record.

What is the purpose of the delay Y5517

a. To hold stop command a sufficient length of time.

b. To allow a non-stop read operation.

c¢c. Delay sending out the clear motion FF signal.

d. Delay clearing motion in reverse,

Due to malfunction K574/575 is constantly clear. During a search file mark

command tape motion will:

a. Stop when file mark is read.

b. Not stop.

c. Stop with normal end of record.

d. Stop immediately

During a write operation the input from Y010 will:
a. Decrease the negative bias to the EIB cards.
b. Have no effect on the EIB cards,

c. Increase the negative bias to the EIB cards.

~d. Disable read circuits during write,

Y549 delay:
a. Assures that Y548 has timed out before a stop signal is sent.

b. Delays the End of Operation signal until Stop on File Mark FF has
cleared.
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c. Disables I562 while a record is being read.

d. Causes End of Operation pulse to be 10 usec in duration,

When reading to verify during a write operation, the delay in gating rank
I into rank II of the read register is:

a. 0.5 microsec due to capacitor input to I506.

b. 5 usec due to constant zero out Y543.

c. 14 usec due to enables on input gates to both Y541 and Y542.

d. Dependent on Density selected.

When reading in high density, the minimum delay in gating rank I to rank II
of the read register is:

a. 5 usec.

b. 2 usec.

c. 9 usec.

d. 14 usec.

Which of the choices for item 59 would apply when reading a low density
tape?

Ae

e. None of them.

The output of I539 will be a logic "1'" when:
a. A write operation is enabled and selected, tape unit is ready.
b. Tape unit is ready, rewind from TCU, and output of I123 is correct.

c. Tape unit is ready, rewind unload from TCU, and output of Il1l23 is
correct,
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62.

63.

d. Any of the above conditions are present.

What is the purpose of Y5437

a. Hold the read register clear during initial tape acceleration.
b. Clear read register during stop time.

¢. Allows data to arrive in rank 1 during hi density read.

d. Allows read reverse to be performed.

The 10 microsecond end of operation pulse signals the synchronizer
a. An end of record located and stop on file mark not selected.
b. File mark located and stop on file mark selected.

c. Load point detected during rewind operation.

d. Any of the above conditions exist.
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CHAPTER VI

ELECTRICAL ADJUSTMENTS

SPACER BARS

The card spacer bars on the logic chassis must be carefully installed after
electrical adjustments to prevent electrical shorting between logic cards.
The spacer bars are designed to hold the logic cards snugly in place with a
minimum of card side play.

Spacer bars are of two types, odd and even. Even bars have card holding pro-
jections starting at the very end of the bar. 0dd spacers have card holding
projections starting about 1/8 of an inch from the end.

When installing the bars, always start with an odd bar in the top row of the
chassis and alternate odd-even-odd to the bottom of the chassis. Place the

bars in position and tighten holding screws to hold bars loosely in place. Make
sure all holding projections are between cards. Slide even spacer bars to the
right and tighten securely. Slide odd spacer bars to the left before tightening.
The logic cards must be held securely.

AMPLIFIER CARD ADJUSTMENT

Begin this adjustment by writing a tape with all "1l!s", While writing observe
test point G of all level detection cards (locatiomns G02, G04, G06, GO8, GlO,
Gl2 and Gl4) for a negative-going rectified signal of 8 volts peak to peak. If
necessary, adjust the associated preamplifier cards located in the head termin-
ation package (X02 through X08) for the desired 8 volt peak to peak signal at
G02, GO4, GO6, GO8, GlO, GlZ, and Gl4.

READ ADJUSTMENTS

1. Load a master tape (556 BPI) on the tape transport.

CAUTION

Do not rewind the master tape at high speed.
Stop the master tape only at the end of tape
or Load point marker.
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MECHANICAL SKEW

Ae

Perform a forward read operation and sync the scope on test point A

of GO8. Simultaneously, compare the waveform from test point A of G02
with that received from test point A of GO8 for any offset or difference
in time. If an offset condition exists, adjust the wobble plate until
the two waveforms are as close as possible to same phase relationship.
Sync on TPA of GO2; observe TPA of GO4, GO6, GO8, G1l0, Gl2 and Gl4

to verify that they are all approximately in phase.

Perform a second forward read operation and sync the scope negative

on test point C of GO8. Simultaneously compare the output waveform

of F10C with that received from F16C. Adjust the two positioning screws
until the two set outputs appear to be going to a 1. Make sure that
both screws are secure at the end of this adjustment.

ELECTRICAL SKEW ADJUSTMENTS

ae

Perform a third forward read operation and sync the scope positive on
test point C of F10C. Observe the test point of EOl and adjust the
delay until the output from EOl goes positive (to 0) 3 microseconds
after test point C of F10C goes positive. Perform the same adjustment
for the remaining six flip-flops (F11C through F16C) of Rank I (delay
cards E02 through E07 respectively).

Perform a fourth forward read operation and sync the scope on the GO7
(TPC). Observe and record the skew of all tracks at the output of the
forward delays (EO01-E07). The maximum time difference between any two
tracks should be no greater than 1.5 microseconds.

With the sync at GO8 (TPA), observe the delay outputs (EO1-E07). Deter-
mine which track goes to zero last.

Observe the latest track on one sweep. Adjust the remaining six tracks
(locations EO1l through E07) until outputs go to zero at the same time
as the reference track.

Remove the master tape.

NOTE

Switch S220 (Level Shift Network) should be in the Normal position
during read operations. However, when reading tapes with weak signals,
move the switch to the -10% or -20% position to lower the threshold
reference voltage to the level detector card. When reading tapes

that are noisy, move S220 to the -110% position to increase the thresa-
old reference voltage. When changing from marginal tape to regular
tape, return the switch to the Normal position.
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READ GATE CONTROL ADJUSTMENT

1. Read a tape which has been recorded at 200 bpi.
2. Sync positive on E16A and adjust F19 for a 2 usec delay.

3. Adjust F20 for 9 usec additional delay. (11 usec total)

WRITE ADJUSTMENTS

1. The write adjustments must be performed while writing all "1's" on a tape.
Sync the scope negative on 1010, (Cl2C), observe and adjust COl, C02, and
C03 until each has a 3 microsecond delay. Move the sync point to I009
(C12A), observe and adjust C04, CO5, CO06 and CO7 until each has a 3 micro-
second delay.

2. Sync the scope on the class A signal of track 3 (GO8) and observe the
skew on all tracks at the outputs of the forward track delays to determine
which track goes to zero first.

3. Observe the latest track in one sweep while it goes from O to 1. Adjust the
remaining six tracks (C01-C07) (TPC) until the outputs of EOl through EO07
go to zero at the same time. After this adjustment, the total time delay
for each delay card (COl through C07) should be between 3 and 4.5 micro-
seconds.

START/STOP TIME INSPECTION

Load a tape containing all "l!'s'", Make the following setting with the aid of
a Tektronix 543, or equivalent, oscilloscope.

Horizontal: 1 msec/cm
Vertical: 1 v/em
Trigger Selector External

The forward start/stop time can be checked as follow:

1. Gonnect the oscilloscope Trigger Selector input to the set output of the
Forward FF (C32, test point C).

2. Observe the class A signal at test points A and B of the level detector card,
location GO8.
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3. Alternately depress the Forward and Clear switches on the maintenance panel.
The time interval following the forward command until output from the channel
being observed reaches maximum should be 2.25 to 3.25 milliseconds. The tape
should start to accelerate approximately 1.5 milliseconds after the forward
command. Refer to the scope traces shown in Figure 2-6-1.

4, The time interval following the stop command until the output of the channel

being observed drops to zero should not exceed 2.0 milliseconds. Refer to
Figure 2-6-1.

STOP TIME

OSCILLOSCOPE SETTINGS

HORIZONTAL— Imsec/cm
VERTICAL — I v/em

Figure 2-6-1, Typical Start/Stop Time

START/STOP TIME ADJUSTMENT

Proceed with start/stop time adjustment as follows:

NOTE
Use a CONTROL DATA® 699 Tape Transport

Exerciser on start/stop mode or the tape
control unit to generate a high cycle rate.
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Close the pressure relief valve, located on the tape deck manifold.

Using a new section of tape (with less than 20 total passes), operate the
transport in a start/stop mode at approximately 100 cps. Adjust the relief
valve to obtain 2.25 to 2.75 msec start time in both forward and reverse
directions. This time applies to the intersection of the start envelope
and average 100% amplitude level (Figure 2-6~2)., Check the start time, for-

ward and reverse, at approximately 20 cps. The start time should be within
the range of 2.25 to 2.75 msec.

Using a tape having a minimum of 200 total passes, recheck the start times
for both high and low cycle rates in both forward reverse directions. All
start times should be within the range of 2.25 to 2.75 msec. The stop time
should be within 1.75 to 2.75 msec (Figure 2-6-3).

START TIME
1.75 TO 2.75 MSEC

a
100 % NOMINAL ’\_ ——\T/__—'\_/—‘
AMPLITUDE ///

Figure 2-6-2. Start Time

#—srop TIME—>

1.75 TO 275
je——MSEC —>]

ADJUST FOR
MINIMUM NUMBER

Figure 2-6-3. Stop Time
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1. ADJUST ALL PHOTOCELL CARDS 'OAA' AS FOLLOWS:

A. Adjust loop box lamps for optimum focusing. (4 lamps)

1. Remove amplifier card associated with the lamp to be focused, and
insert card extender. Do not insert the card.

2. Connect a milliammeter between pins 1 and 2 (or pins 7 and 8 for
section C of card).

3 Loosen set screw on lamp holder and rotate or slide to focus lamp for
maximum photocell output current reading (typically between 1/2 and
3 ma depending on lamp, photocell, meter, etc.) for maximum reading.
Tighten the set screw.

4. Replace photocell amplifier card.

B. Adjust photocell amplifier card

Loop box photocells

1. Load tape.

2. Simulate an unload condition by simultaneously depressing the 'CLEAR'
and 'UNLOAD' switches on the operator or maintenance panel. The tape
loops may now be moved to either cover or uncover the photocell lamps
for the adjustment of the photocell amplifiers.

3. Observe the output of the amplifier card to be adjusted with an oscil-
loscope.

4. With the photocell covered, turn the amplifier card potentiometer
counterclockwise until the output goes to a 'l!,

5. Turn the potentiometer clockwise to the point where the output switches
to a '0'.

6. Make the final adjustment by turning the potentiometer 3 turns (360
degrees per turn) clockwise.

7. TUncover the photocell. The output should switch to a 'l!'. Move the
tape loop up and down to cover and uncover the photocell repeatedly
and verify that the output switches from '0' to 'l'., Cover = '0',
Uncover = '1!',

8. Repeat steps 3 through 7 of loop box photocell adjustment for the
remaining three loop box photocell amplifiers.
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Load point and EOT photocell

NOTE

Use a piece of magnetic tape with the
reflective marker attached to the mylar
side in the following procedure.

Place the mylar side of the tape over the photocell sensor assembly to
cover the photocell. This will prevent light from energizing the
photocell. The reflective marker is to be nearest the operator and not
over the photocell sensor for adjusting the LP photocell amplifier.

Observe the output of the amplifier card to be adjusted with an
oscilloscope.

With the photocell covered, turn the amplifier card potentiometer
counterclockwise until the output goes to a 'l!',.

Turn the potentiometer clockwise to the point where the output switches
to a '0'.

Make the final adjustment by turning the potentiometer 4 turns
(360 degrees per turn) clockwise.

Move the reflective marker over the photocell sensor assembly. The
output should switch to a 'l'. Alternately slide the reflective marker
over, and off of the photocell sensor assembly, and verify that the
output switches from g 'l' to a '0'., Reflective marker over = 'l',
Mylar over = '0',

Turn the tape around to adjust the end of tape photocell amplifier,
the reflective marker is off of the photocell sensor assembly.

Repeat steps 2 through 6 of the load point and EOT photocell adjust-
ments.
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CHAPTER VII

LOGIC DIAGRAMS

Special Modules

UAB - ADJUSTABLE DELAY
nin XXXX npn
X MICROSECONDS |y
non UAB - XXX "0" AFTER
X MICROSECONDS
IAA, IAB - RELAY PULLER
XXXX
nyn GND
non -
0 IAA - XXX 20V
SET OUTPUT
IJA - FLIP-FLOP WRITE DRIVER SET K m g DRIVER OUTPUT
XXX
CLEAR Ko m > DRIVER OUTPUT
lC AR, OUTPUT
"1 SET OUTPUT L%'“tol - > -20V
SET H]_H ”1” GND J
—_— ‘
- KOO0 DRIVER
I FLOW
-16V
ngn — non DRIVER
CLEAR ————{ K001 T
TNAAA >

"l" CLR. OUTPUT
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+2/3v 1
XXXX nn
OAA - PHOTOCELL AMPLIFIER __552 2 - HEFHTED
3 OAA - XXX "Q" UNLIGHTED
nyn XXXX 3/4us "1 after x musec.
UCB - Adjustable Pulse Delay m— |
HOH UCB_XXX HOII
IBA - Emitter Follower nin XXXX +19V,
— ————>
non E.F. +1V.
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SPECIAL MODULES

LOGIC SYMBOLS

All special modules (including delays*) are represented by rectangles. Inputs
are shown with arrows normally from the left, and outputs normally extend out
to the right. Other connections to the card such as jumpers and grounds,
except disabled OR inputs, are shown without arrowheads. The double bar on
one or more sides of the symbol is used to indicate a non-logic voltage level.

SYMBOL
DESIGNATOR

SUPPLEMENTARY
/INFORMATION

EXAMPLE : |

~—

plol
.5 SEC

Cc38

12

-

UGA
CARD TYPI-:///‘Ir

8

2

e

PHYSICAL
LOCATION

*Passive delays such as capacitors mounted on a card are represented by an

oval symbol.



CARD TYPE DESIGNATION

Five general categories are used for classifying special purpose
circuits for peripheral equipment:

A-D (AA-, AB-, -.--. DY-, DZ-)

1.

2. E-H (EA-, EB-, ----- HY-, HZ-)
3. I-N (IA-, IB-, «---- NY-, N2Z-)
4. O-T (OA-, OB-, ----- TY-, TZ-)
5. U-Z (UA-, UB-, ----- zY-, 22-)

The two most significant letters (IA-, for example) define the basic
circuit. The least signficant letter defines slight variations with the
possibility of interchange in some but not all applications. Standard
power supply connections are -20v on pin 13, ground on pin 14, +20v on
pin 15, and no low impedance voltage sources on other pins. Standard
voltage levels on input and output are -0.5v and -3v and match internal
logic of standard cards such as flip-flops and inverters (including the
10, 20, and 30 series). Nonstandard input (or output) signals indicate
one or more inputs (or outputs) that may be analog or digital, but can-
not generally interface with standard cards such as flip-flops and in-
verters.

Category Designation Power Supply Input Output
A MAcoDdzz Nonstanderd  Seandard.?h  Neastanda?s
E EAA to HZZ Standard Nonstandard Nonstandard
I IAA to NZZ Standard Standard Nonstandard
0 0AA to TZZ Standard Nonstandard Standard
U UAA to ZZZ Standard Standard Standard
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READ PREAMPLIFIER
EHA, EHB, EHC

The read preamplifier is used in the read data circuit to amplify
NRZ1 information recorded on magnetic tape for use in subsequent level
and peak detecting circuits. The amplifier circuit includes provision for
a differential input and a balanced push-pull output.

The preamplifier has two differential stages of gain (Q0l, 02, and
Q05, 06) to minimize common mode signal interference. Each differential
stage includes an isolating emitter follower output (Q03,04,07,08) to re-
duce loading effects on the inverting amplifier.

Coarse and fine gain adjustments are provided by negative feedback
in the emitter of each stage of gain. Two steps of coarse gain may be
selected in the first stage by external jumpers. Connecting pin 5 to pin
7 provides minimum gain and connecting pin 5 to pin 8 provides maximum
gain. Fine gain 1is provided by adjusting the potentiometer R22 in the
second stage. This adjustment provides the following gains:

Jumper Pins

EHA - 150 to 550 5-7
350 to 1300 5-8
EHB - 200 to 800 5-7
500 to 1800 5-8

Except for the output and the emitter degeneration, the amplifier is
direct-coupled to reduce recovery time. Power supply transients are min-
imized by the common mode rejection of the differential amplifier. 1In
addition, R21 and CO3 filter the negative supply for both stages; CROl and
R18 reduce the voltage for the first stage.

The EHC circuit differs from the EHB as follows:

1. Capacitors C06 and CO7 provide two stages of high frequency
roll-off. Each capacitor reduces gain by about 3 db at
100 kc (sine wave).

2. Output capacitors CO0l and CO2 are polarized for load termin-
ations of -10 to -16 volts or for isolated transformer
windings such as those on EI-series cards.

3. Gain jumpering options are not interchangeable with the EHB
except when pin 5-7 is used at frequencies of 30 kc and lower.
Gain ranges for sine-wave frequencies of 5 to 30 kc are

B-6
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READ LEVEL DETECTOR
EIA, EIB, EID, EIE

The read level detector receives the amplifed signal from the read
preamplifier (EH-series) and provides a rectified signal and a threshold
enable for the peak detector (0G-series) in the recovery of NRZ1 informa-
tion from the magnetic tape.

The rectifying circuit is composed of transformer TOl, diodes CRO1
and CRO2, and transistors Q01 and Q02. The negative rectified signal is
then routed to the differential input stage of the level detecting cir-
cuit (Q04 and QO05). The signal is compared to the threshold input refer-
ence voltage on pin 7. The switching point is further enhanced and refer-
enced to ground by the amplifiers consisting of transistors Q06 and Q07,
in a form usable as an enable in the peak detector.

The rectified signal is also routed to an output emitter follower
(Q03) which drives the RC differentiating circuit in the input stage of
the peak detector.

The EID and EIE circuits differ from the EIB as follows:

1. Rectifier transformer TOl is designed to pass 5 kc sine-
wave signals compared to 20 kc as a lower limit on the EIB
card. This delays and filters some of the higher frequency
components and is intended primarily for fundamental sig-
nals not exceeding 45 kc sine-wave frequency (90 kc NRZ1
data rate).

2. Resistors R13 and R1l4 are added to cause diodes CROl and
CRO2 to maintain a lower transformer secondary impedance
during zero or weak signals.

3. Q01 and Q02 are matched transistors to assure better signal
balance of both polarities of input. Transistors Q04 and
Q05 are matched to provide more accurate level detection
thresholds.

The EIE card differs from the EID only in the addition of COl, which
provides one RC stage of additional high frequency roll-off (down 3 db
at 200 kc data rate).
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RELAY PULLER
IAA, IAB

This circuit is used to drive inductive loads such as relays and
solenoids and loads with high current surges such as incandescent lamps
and the discharge of capacitors. It is particularly useful in driving
loads up to 0.6 amp which are terminated at negative voltages from -5v
to -36v. IAB cards drive loads to 0.4 amp.

The relay puller circuit can also be used as a slow L---card. The
input-output voltage levels are the same for both cards.

The input stage of the relay puller circuit has its transistor con-
nected as an emitter follower with the collector returned to -20v
through a limiting resistor R03. The first stage emitter follower cur-
rent does not flow through the load as it does in circuits such as the
55 card. The only current flowing to the load in the turnoff condition
is the leakage current of the output transistor. The circuit limits

collector voltage on QOl to -20v; Q02 may have excursions to -36v.
Turnon time is 5 usec maximum and turnoff switching is 25 usec maximum,

XXX 6
SYMBOL —> ——

IAA — XXX
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* 2N1760 — IAA CARD

CST1883 — LAB CARD

IAA, IAB
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POWER EMITTER FOLLOWER
IBA

This circuit, used with a solid-state H switch (capstan drive cir-

cuit), drives diagonally opposite legs of the switch. A separate card of
this type drives a switching transistor which provides a 2-msec double-
magnitude current pulse to reduce actuation time.

The circuit differs from the regular inverter circuit in that the
output load is returned to +20v instead of -20v.

Turnon time varies from 1 to 20 usec with the current limiting re-

sistor output connected to +20v. Turnoff switching ranges from 5 to 50
usec., Loads on pins 11 and 12 should require a total of 0.6 amp or less

and be terminated to -12v or less.

XXXX

SYMBOL —> —>
IBA—XXX

3-IBA-1
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FLIP-FLOP WRITE DRIVER
1JA

A flip-flop and write driver circuit are combined on one card (re-
fer to IJA write driver discussion).

The circuit consists of two transistors (QOlA and Q01C) connected
as a flip-flop, each with two OR inputs (diodes CROl and CR02). Each
side of the flip-flop is provided with two AND outputs (diodes CRO3 and
CR0O4). The remainder of the flip-flop output is used to drive transistors
Q02A and Q02C, which supply up to 160 ma output load.

Recause of the double inversion in this circuit, continuous "1" in-
puts to both sides of the flip-flop turn off both Q02A and Q02C to shut

off write current.
| |4

T2 XXXX s
— 6
SYMBOL 8 XX X
7 XXXX -'-2——)

|0L___>
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PHOTOCELL AMPLIFIER
OAA

The photocell amplifier receives inputs from silicon solar cells,
The output from the amplifier is a "1" when the solar cell is illuminated
and a "0" when unlighted. An adjustable potentiometer is provided be-
cause of low level signals normally available from the solar cells. This
allows optimum centering of the switching point of the amplifier to com-
pensate for the overall photocell excitation, sensitivity, and amplifier
tolerances.

The first stage of the amplifier consists of an inverting amplifier
Q01. This transistor is turned on by drive current flowing through RO4
from potentiometer ROl. Normally pin 2 is jumpered externally to pin 3
to provide ROl with the maximum range of adjustment. The positive ter-
minal of the photocell counteracts the turnon current of R04. Sufficient
output from the photocell turns off Q0l. CR0O4 compensates for the change
in base to emitter potential of QO0l with changing temperature.

The owt put of Q01 is directly coupled to Q02 which acts as an emitter
follower. The logical "1" excursion at the output is determined primar-
ily by the divider composed of R02 and RO5 since the gain of Q02 is suf-
ficient to provide only minor loading of this resistance regardless of
the number of outputs actually used. Three diodes (CROl, 02, 03) are

provided for ANDing with other logical circuits,
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PEAK DETECTOR
0GA, OGB, 0OGC

The peak detector operates from either positive or negative rectified
signals from the output of level detectors. The peak detector can also be
used with class A signals to locate either positive or negative peaks as
selected by the input wiring. Provision is included for threshold enabling
prior to the output when used with level detector (EI-Series) or "diode
ANDing" at the output of level detector {EDA, EGA). The output of the
peak detector is shaped to a nominal 3/4-usec pulse independent of the
exact shape of the peak.

Peak detection is accomplished by first differentiating the input
signal (COl, ROl and CO4, RO2) and then detecting the zero crossover point
of this differentiated signal in the two-stage differential amplifier (QO1,
Q02, and QO03, Q04). The detected zero crossover point is re-referenced to
ground by Q05 and then shaped by the mulcivibrator (Q06, Q07) into a
nominal 3/4=-usec "1" pulse. Pin 8 receives the threshold enable signal,
when used with the level detector to disable the output shaper. Other
threshold enables (level detector EDA, EGA) are ANDed with pins 11 and 12,
Mixing resistors are provided at pins 9 and 10 for use in forming composite
signals with peak detectors on other tracks for deskewing purposes.

Pin 1% is used to receive positive rectified signals (pin 5%* ground-
ed); and pin 5%% is used to receive negative rectified signals (pin 1%
grounded). Therefore, the peak detector looks for a negative peak on pin
5%% or a positive peak on pin 1*, Balanced or single-ended class A signals
may be used also, and the input wiring determines which polarity peak is
detected.

The multivibrator is triggered by the negative input signal at the
base of Q06. Conduction of Q06 couples a positive pulse to the base of
Q07 and causes it to switch off. Multivibrator regeneration is completed
by the common emitter resistor R13. The period of the mutivibrator is de-

termined by CO7 and Rl4. Recycle time is determined by R15, R16, and CO7.
Diode CRO3 supplies the additional emitter current necessary for the col-

lector load of Q07 and references the emitter current to near ground for
this stable state of the multivibrator. During the multivibrator period

* Pin 2 for 75 ips, OGB, OGC only
** Pin 4 for 75 ips, OGB, OGC only
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CRO3 is reverse-biased, permitting the gain of Q06 and Q07 to be utilized
through a common emitter resistance R13, providing fast fall and rise times,
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ADJUSTABLE DELAY
UAA, UAB

The adjustable delay circuit is noninverting in relation to the in-
put but changes from '"1" to "0" are delayed at the output.

The input stage of the circuit is an inverting circuit with a speed-
up diode (CROl) to reduce turnoff time in QOl. The timing circuit is com-
posed of CO4, RO7, RO8, and potentiometer R06. Longer range delays are
obtained by paralleling C04 with COl and/or C02 with external jumpers. A
limited delay adjustment may be obtained by paralleling RO5 with the
charge network (RO7, RO8, and R06). Some external adjustment may also be
obtained by connecting a potentiometer between pins 3 and 7. The UAB
card has a temperature stable capacitor, C04, for delays below 25 usec.

Discharge of CO4, which recycles the delay, is accomplished by the
emitter follower (Q02) in the second stage through diode CR02. Drive to
Q02 is determined by the drop across R09 which also provides a small per-
centage of the current to discharge C04. To provide 98% of the full de-
lay period, a recycle time of 1 usec is required when using CO4 alone, 2
usec when C02 is added, and 10 usec when COl is added.

The third stage is emitter driven to obtain voltage gain and proper
bias reference to switch the output stage. The base circuit reference is
changed by connecting R06 as a voltage divider. As R06 inserts resis-
tance to increase the RC time constant, it also removes resistance in the
base divider of QO03. A greater portion of the RC time constant can be
used for long delays. The normal adjustment range of 9 to 1 is extended
to approximately 20 to 1.

The fourth and final stage, QO4, is an inverter circuit with a sat-
uration limiting diode (CRO7) which limits base drive. A divider circuit
in the base allows considerable voltage swing to improve turnon time. The
output excursions are limited in the negative direction by a resistance

divider.

s lals -
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ADJUSTABLE PULSE DELAY
UCB

The pulse delay card is used as a read and write skew adjustment
which compensates for mechanical misalignment of head gaps and small
switching delays or phase lags in the electronic amplifiers. The card
produces a narrow output pulse after a short adjustable delay (1 3/4 -

5 usec). A recyéle time of 5 usec is necessary for delays to equal 957
of the specified delay period.

The circuit is divided into three sections. Circuit A is a one-
shot multivibrator circuit composed of transistors QO0lA and QO02A. The
multivibrator is triggered by a negative input signal passing through a
differentiating network to the base of Q0lA. Conduction of QO0lA couples
a positive pulse to the base of QO02A and causes it to switch off. Multi-
vibrator regeneration is completed by the common emitter resistor R11A,
The period of the multivibrator is determined by RO8A, CO02A, and the re-
sistance of potentiometer R10A. Recycle time is determined by resistors

RO6A and RO7A and capacitor C02A, Transistor QO02A is a high-gain tran-
sistor which provides reserve output current for the limited base drive

available in the circuit. Diode CRO5A supplies the additional emitter
current necessary for the collector load of Q02A, and references the
emitter to near ground for this stable state of the multivibrator.
During the multivibrator period, CRO5A is reverse biased, permitting the
gain of the two transistors to be utilized through a common emitter re-
sistance (R11A) providing fast fall and rise times,

Circuits B and C are simplified inverter circuits which use a high-
frequency transistor to decrease switching time. Circuit C also uses a
delay capacitor CO1C which allows the positive output to be delayed per-
mitting ANDing with the output of circuit B for a 3/4-usec pulse output.

The three circuits are not connected internally and may be used as
separate and complete elements. The circuits may also be connected
through external jumpers to provide a delay output pulse from a negative
input,

| XX XX 5 XXX ° XXX
ucB-xxx |4 8 5 12
. ,,;sec
3-UCB-1
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VOLTAGE CONTROLLED DELAY
UFA, UFB

The voltage controlled delay circuit provides several options in de-
lay duration and in the type of output signal desired at the end of the
delay timeout by the use of external jumpers. It may have its delay con-
trolled remotely by an analog d-c voltage in applications such as remote
read and write deskew. It is also possible to use the circuit as a volt-
age comparator over a limited range.

The delay period is armed by having a "1" input on pin 1 for 0.5
usec or more for delay capacitors up to 5000 pf total. While armed and
during the delay period, the output of circuit A (pins 5 and 6) is a "O"
and the output of circuit C (pinsll and 12) is a "1". The delay period
is initiated by an input on pin 1 going from a "1" to a "0". The input
must remain a "O" during the delay period, or the delay rearms and does
not time out. When the delay period times out, the output of circuit A
goes to a "l1" and the output of circuit C goes to a "O". Grounding pin
10 delays the output of circuit C going to a "O" for 1 to 3 usec. Thus
a "1" coincidence at the end of the delay may be obtained by ANDing one
diode from each of the two outputs. For delays below 10 usec, where the
optional capacitor on pin 4 is not used in the delay circuit, pin 10 may
be connected to pin 4 and reduce the "1" coincidence by 307 or more.
Other external capacitors can be used instead; but care should be exer-
cised with external capacitors or the "1" coincidence may go to zero,
particularly when the voltage on pin 9 is less than -8v. Long delays
cannot reliably utilize the "1" coincidence feature of this ciraiit,

Q01 and Q02 form an inverter-emitter follower combination for dis-
charging C02 (and any other capacitors connected to pin 7). QO3 and Q04
act as a differential comparison amplifier and switch close to the point
at which pins 7 and 9 have equal voltage. This determines the timeout
period which switches output circuits A and C. The RC timeout period is
controlled by several factors, nearly all of which are accessible to out-
put pins for optional timing periods. Pin 7 allows external capacitors
to be added for a coarse step adjustment. Pin 2 may be used to clamp the
voltage (usually about -10v) used in the RC charge circuit. Pin 3 per-
mits some of the charge resistance to be shorted out; however, care
should be taken to make sure the maximum current in potentiometer R15
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does not exceed 7 ma under any possible condition. Internal potenti-
ometer R15 provides a fine vernier adjustment of the RC charge curve.

The voltage on pin 9 determines the comparison point of the delay time-
out and can be from -1 1/2 to -10v. This may be a fine vernier adjust-
ment remote to the card, or may be preset at about -5v without external
connections, or preset to about -10v by jumpering pin 8 to 9. Very low
voltages on pin 9 permit delays down to about 0.2 usec to be obtained.
Gating diodes (or transistors) on analog voltage circuit cards permit the
voltage on pin 9 to be "ORed" from any of several analog voltage sources.
Similar techniques can be used internally or remotely to program dif-
ferent delay times to one delay circuit.

Q05 and Q06 are the output switching transistors which provide
standard logic excursions., CO04 delays the turn on of Q05 if connected
directly to ground or via another capacitor to ground.

For best independence from power supply variations, the voltage on
pin 9 and the voltage used to charge C02 should track with each other and
not have significant variatiors within the timeout period.

If the circuit is used as a voltage comparator in the usable -1 1/2
to -10v range, Q01 and Q02 should be disabled by a "O" on pin 1. The
most rapidly changing voltage should be generally connected to pin 9 and
the less dynamic voltage connected to pin 7 to minimize the need to drive
charge current in CO2.

The logic symbol for the voltage controlled delay circuit shows the
C output circuit (pins 11, 12) directly opposite the input. The A out-
put circuit (pins 5, 6) is the other output and is never directly oppo-
site the input even if the C output is not used.

Waveforms for the input and outputs are shown below.

INPUT o)

(PINI) I I l l e
OUTPUT C o

PINS |‘,'2 "en
( ) l I I | | |
- _—_I'——"O

OUTPUT A— - i "t

(PINS 5,6)
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CHARACTERISTICS OF 60X TAPE TRANSPORTS



APPENDIX C

CHARACTERISTICS OF 60X TAPE TRANSPORTS

CONTROL DATA

603

MAGNETIC TAPE TRANSPORT

RECORDING FORMAT

Method=NRZ1 (non-return to zero-
change on ones)

Seven Track Recording
Data-6 bits
Parity-1 bit

Inter-Record Gap-3/4 inch

Tape Markers
Reflective spot for End of Tape
and Beginning of Tape

Compatible with all Control Data
tape units and with IBM 727
and 729 I through IV Tape
Units.

TAPE
Width-1/2 inch
Length-2400 feet with 1 1/2 mil
base polyester tape
Reels=10 1/2 inch, IBM compatible
hub with file-protect ring

TAPE SPEED

Read/Write-75 inches per second

Forward and Reverse Search-75
inches per second

Rewind and Unload=-over 320 inches
per second

Start time-2.75+.5 milliseconds

Stop time-2.25+.5 milliseconds

RECORDING DENSITY
High-556 frames per inch
Low=-200 frames per inch

CHARACTER RATE

41,700 per second @ High Density
15,000 per second @ Low Density

c-1

HEADS

Physical Spacing: (forward direction)
Erase gap to write gap=-7/16 inches
Write gap to read gap-0.300 inches

CONTROLS
Operator's Panel
Power
Forward
Reverse
Clear
Rewind
Unload
Load
Ready
High Density
Low Density
Unit No. Selector
0-7 and Standby
Indicators
Read
Write
File Protect
Unit Select Status (2)

PHYSICAL
Size: Height-72 inches

Depth-35 inches

Width-28 inches

Weight-1200 pounds

Power-208v, 3 phase, 60 cycle,

3.8 KW, 4.8 KVA

Cooling Requirements-13,000BTU/HR



CONTROL DATA® 604

MAGNETIC TAPE

RECORDING FORMAT

Method=NRZ1 (non-return to zero=-
change on ones)

Seven Track Recording
Data=-6 bits
Parity-1 bit

Inter~Record Gap=-3/4 inch

Tape Markers
End of tape and Load Point
Reflective spot

Reverse Read
604 can read in the reverse
direction with tapes prepared
on other 604's in the same
system,

Compatible with all Control Data
tape units and with IBM 727
and 729 I through VI tape units,

TAPE
Width-1/2 inch
Length=-2400 feet with 1 1/2 mil
base polyester tape
Reels=10 1/2 inch, IBM compatible
hub with file-protect ring

TAPE SPEED

Write, Forward-75 inches per
second

Read, Forward and Reverse - 75
inches per second

Search, Forward and Reverse~75
inches per second

Rewind and Unload~-over 320 inches
per second average

Start time-2.75+ .5 milliseconds

Stop time-2,.25+ .5 milliseconds

SELECTABLE RECORDING DENSITY
800 frames per inch
556 frames per inch
200 frames per inch

c-2

TRANSPORT

CHARACTER RATE
60,000 per second @ 800 frames per
inch
41,700 per second @ 556 frames per
inch :
15,000 per second @ 200 frames per
inch

HEADS
Physical Spacing: (forward direction)
Erase gap to write gap=-7/16 inches
Write gap to read gap-0.300 inches

PANEL
Operator Controls with Indicators
Power
Forward
Reverse
Rewind
Unload
Load
200 Density
556 Density
800 Density
Ready
Clear
Unit No. Selector
Operator Indicators Only
Read
Write
Unit Select Status (2)
File Protect

PHYSICAL
Size: Height-72 inches

Depth-35 inches

Width-28 inches

Weight-=1200 paunds

Power-208v, 3 phase, 60 cycle,

3.8 KW, 4.8 KVA

Cooling Requirements-13,000 BTU/HR



CONTROL DATA® 606

MAGNETIC TAPE TRANSPORT

RECORDING FORMAT

Method-NRZ1 (non-return to zero-
change on ones)

Seven Track Recording
Data=-6 bits
Parity=-l bit

Inter=-Record Gap=-3/4 inch

Tape Markers
End-of-Tape & Load Point
reflective spot

Compatible with all Control Data
tape units and with IBM 727
and 729 1 through IV Tape
units.,

TAPE
Width-1/2 inch
Length=2400 feet with 1 1/2 mil
base polyester tape
Reels=10 1/2 inch, IBM compatible
hub with file-protector ring

TAPE SPEED

Read/Write~150 inches per second

Reverse Movement-150 inches per
second

Rewind and Unload=-over 320 inches
per second average

Start time=-2.75+.5 milliseconds

Stop time-l.75t+ .5 milliseconds

RECORDING DENSITY
High-556 frames per inch
Low=200 frames per inch

c-3

CHARACTER RATE

83,400 per second @ High Density
30,000 per second @ Low Density

HEADS

Physical Spacing: (forward direction)
Erase gap to write gap=-7/16 inches
Write gap to read gap-0.300 inches

PANEL

Operator Controls with Indicators
Power
Forward
Reverse
Rewind
Unload
Load
Density Hi
Density Low
Ready
Clear
Unit No. Selector
Operation Indicators Only
Read
Write
Unit Select Status
File Protect

PHYSICAL

Size: Height-72 inches
Width-28 inches
Depth-35 inches

Weight-1200 pounds

Power-208v, 3 phase, 60 cycle,
3.8 KW, 4.8 KVA

Cooling Requirements-13,000 BTU/HR



CONTROL DATA® 607

MAGNETIC TAPE TRANSPORT

RECORDING FORMAT
Method-NRZ1 (non-return to zero-
change on ones)
Seven Track Recording
Data=-6 bits
Parity-l bit
Inter=-Record Gap=-3/4 inch
Tape Markers
End of tape and Load Point
Reflective Spot
Reverse Read
607 can read in the reverse
direction with tapes prepared on
other 607's in the same system.
Compatible with all Control Data
tape units and with IBM 727
and 729 I through VI tape
units,

TAPE
Width-1/2 inch
Length=-2400 feet with 1 1/2 mil
base polyester tape
Reels~10 1/2 inch, IBM compatible
hub with file-protect ring

TAPE SPEED

Write, Forward-150 inches per
secend

Read, Forward and Reverse~150
inches per second

Search, Forward and Reverse=-150
inches per second

Rewind and Unload-over 320 inches
per second average

Start time-2.75 + .5 milliseconds

Stop time-1.75 + .25 milliseconds

SELECTABLE RECORDING DENSITY
800 frames per inch
556 frames per inch
200 frames per inch

C-4

CHARACTER RATE
120,000 per second @ 800 frames per
inch
83,400 per second ¢ 556 frames per
inch
30,000 per second @ 200 frames per
inch

HEADS
Physical Spacing: (forward direction
Erase gap to write gap-7/16 inches
Write gap to read gap-0.300 inches

PANEL
Operator Controls with Indicators
Power
Forward
Reverse
Rewind
Unload
Load
200 Density
556 Density
800 Density
Ready
Clear
Unit No. Selector
Operating Indicators Only
Read
Write
Unit Select Status
File Protect

PHYSICAL
Size: Height-72 inches

Depth-35 inches

Width-28 inches

Weight=-1200 pounds

Power-208v, 3 phase, 60 cycle,

3.8 KW, 4.8 KVA

Cooling Requirements-13,000 BTU/HR



APPENDIX D
EXPLANATION OF SPECIAL COMPONENTS

IN THE 606 MAGNETIC TAPE TRANSPORT

1. REED DELAY
2. SILICON CONTROLLED RECTIFIER (S.C.R.)

3. ZENER DIODE



REED RELAY

The reed relay consists of two or more metal reeds enclosed
in @ hermetically sealed glass capsule. The reeds are made
from nickel-iron: a magnetically Ysoft” alloy that retains
only a little magnetism. Figure 1 shows a s.p:s.t.s normally
open reed relay. The overlapping ends of the nickel-iron
reeds are the contact surfaces which are usually plated with
gold or other suitable noble metal. A chemically inert gas
which is enclosed in the capsule prevents contamination of
contacts.

When an electromagnetic field comes in close proximity to the
reed relayr more and more of its lines of force permeate the
reeds causing mutual attraction between the reeds pulling them
towards each other.

The reverse action takes place when the electromagnetic field

is removed. As the electromagnetic field collapsess the magnetic
remanence tends to keep the ends of the reed together. But since
the reeds consist of a magnetically YsoftY alloys the point is
soon reached where the decreasing flux is insufficient to hold
the reeds together.
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THE SILICON CONTROLLED RECTIFIER

The silicon controlled rectifier is a 4-layer semiconductor

sandwich which functions as an AC to DC rectifier. The distinctive
feature is a gate connection by which the rectifier can be triggered
into actions in the same wayr by rough mechanical analogy: that a
gun is fired by pulling the trigger. The timing of the gate

firing can determine the phase and output of the rectifier and this
is a valuable feature where controlled output is desired.

Until the availability of the Silicon Controlled Rectifier, the
methods of obtaining instantly controllable DC from an AC source
have been by means of the gas filleds grid controlled tube known
as the Thyratron: and by means of the magnetic amplifier with
rectifiers -—- up till recently the selenium type. The Thyratron
method was once used for E-M magnetic drive controllers:, and was
superseded years ago by the magnetic amplifier method.

Now: the new types of E-M controllers for magnetic drives use
silicon controlled rectifiers to provide controilable AC-DC
conversion, instead of the previous magnetic amplifier. And now
the E-M brushless AC generators also use SCRs for the exciter
field power supply in place of the magnetic amplifier. Both of
these replacements provide a better product and better performance
because of the superiorities of the Silicon Controlled Rectifier
method. For the same reasons S(Rs are also used in other controls.
Silicon Controlled Rectifiers are also used in the brushless
synchronous motor.

The Silicon Controlled Rectifier is a comparatively recent
development. It has rapidly been made available in larger current
ratings and the cost has gone down. UWith increasing SCR current

capacities and with decreased costs the replacement trend with
the SCRs will continue.

Operation of the SCR and its construction are shown 1n accompanying
figures. As shown in FIGURE 2-C, the silicon controlled rectifier
has two NP sandwiches and three junctions. A control gate connection
is made to the first P element. The characteristics of the three
Junctions and the control achieved by the gate enable the rectifier
to be actuated:; or Yfired®, at will. The gate firing current can be
exceedingly small and of exceedingly short duration. The same
electron-hole and biasing principles involved in previously described
semiconductors apply.

The double PN structure provides the capability of controllablg
conduction by means of hole injection through the gate: and this
gives the SCR its unique and highly valuable properties.

The SCR has several advantages: It is lightweight and compact:,
occupyingr with its heat sink:, less space than the magnetic amplifier.

It is highly efficient.

Reprinted with permission from

E-M Synchronizer, 200-SYN-k1l,
copyright 19k2, Electric Machinery
Mfg. Company
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It can be fired with very low power pulses: compatible to the
capability of other semiconductor devices that can be used for
the firing. '

It can operate in microseconds. The SCR can go from minimum
output in one half cycle to full output in the next without lag:
at high frequencies.

The SCR can provide infinite gating variations over the cycle by
methods such as phase control.

It can operate as an inverter {DC to AC} as well as a rectifier.
Life of the SCR iss in principler unlimited.

Like the regular Jjunction diode it is not affected by vibration:
shocks or position: and can be part of a rotating element.

It is inherently a highly sensitives high gain amplifier.

Its wide junction base construction makes it inherently suitable
for high voltages.

These properties indicate an ever increasing field of application
for SCRs. They can be operated not only as rectifiers, but also
as latching switches, as voltage absorbers, and as amplifiers.

As the latter they are capable of handling hundreds of amperes
with only a few milliamperes of triggering power: thus in effect
providing an extraordinarily large gain capability.

SCRs are subject to the same temperature considerations and
limitations: and require the same protection against overcurrent
and overvoltage surges as was discussed under junction diode
rectifiers. Their allowable ratings also follow the voltage and
current [imitation parameters |isted under junction diodes: with
the addition of limitations applying to the gate.

The silicon controlled rectifier is a junction rectifier with the
highly useful feature of controllability of its current conduction.
The junction configuration of the SCR is such that it requires an
impetus, either by sufficient forward voltagers or by injection of
gate current: to change it from a blocking state to a conduction
state. The gate current method of output control of the SCR is the
valuable feature because it permits pre-determining timing.

Reprinted with permission from
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HOW THE SILICON CONTROLLED RECTIFIER WORKS
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Figure 2C

Accompanying figures show the configuration of the SCR and its
operation in three conditions. The voltage-current characteristics
for these conditions are shown in the graph. The PNPN arrangement
provides a controllable junction shown as junction number 2 in the
drawings A, B and ( above.

Reprinted with permission from

E-M Synchronizer, 200-SYN-k1l,
copyright 19k2: Electric Machinery
Mfg. Company

D-5



{A} At reverse voltage the SCR has two junctions: 1 and 3, which
are reverse biased, hence which block current flow. These give
the SCR the reverse voltage characteristics of the usual single
Junction PN diode rectifiers with very small leakage current
unless the peak reverse voltage |imitation is exceeded.

1B} At forward voltage the SCR has conduction junctions at 1 and 3,
due to forward bias: and a blocking junction at 2 due to reverse
bias. However:, if sufficient forward voltage is applied to blocking
Junction 2 it will break down by an avalanche phenomenon described
previously for the Zener diode. The SCR then becomes conducting
with forward voltage and current characteristics similar to the
usual PN diode rectifier.

{C} This figure shows controllable conduction: by gate current
injection: when the SCR has forward voltage. By positive voltage
injection into the gate the hole velocity in the P-type element
and the electron velocity across junction 3 and through element P
can be increased to achieve breakdown or firing of junction 2.
The various values of gate current to accomplish this firing are
shown in the graph-.

With sufficient gate current, as shown at 3 on the gate current
line, the SCR fires as soon as it is in the forward voltage region.
The voltage-current characteristic of the SCR is then the same as
that of the usual PN two-element junction diode rectifier. {The
gate current numbers shown in the diagram are for indication
purposes only and do not represent actual current values.l

Gate injection thus provides an independent time-current method
of controlling the operation of the rectifier. Once fired: the
SCR remains conductive until the voltage across it falls to zero.
The SCR then returns to its initial states ready again for firing.

SILICON CONTROLLED RECTIFIER
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PHASE CONTROL OF RECTIFIED D-C OUTPUT
WITH SILICON CONTROLLED RECTIFIER
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Figure 4C

The voltage and current applied to a load being supplied from an
A-C source can be rectified and controlled by delaying the point in
the A-C cycle at which the SCR changes from the blocking to the
conduction condition. It provides in effect a phase controlled
switch. The accompanying diagrams show how the output is
controlled by the gate current pulse. By phase shift of the gate
pulser all or part of the cyclic output of the SCR can be utilized.
Alsor by absence of gate impulse, the SCR can be made inoperative
during the cycle.
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ZENER DIODE

When a semiconductor diode is reverse biased: a very small current
will flow through the diode. If this reverse bias is increased to
the point where a large reverse current starts to flow: the
breakdown point has been reached. This is also called the breakdown
region: avalanche breakdown: or zener voltage. Zener diodes are
specially designed silicon diodes which are designed to operate
using the zener voltage point to an advantage.

Once the zener voltage has been reached: any increase in reverse
voltage will cause an increase in current with no additional
increase in the voltage drop across the zener diode.

Figure 5C is the characteristic curve of a zener diode- UWhen the
zener diode is forward biased: it acts as a conventional diode:
l.e.+ an increase in forward bias results i1n additional current
through the diode with additional voltage drop across the zener.

With reverse biass little current flows until the YzenerY point

is reached. After this point is reached: the voltage across the
zener is shown remaining constant.
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APPENDIX E
GLOSSARY OF TERMS
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MAGNETIC RECORDING EQUIPMENT



YAY WIND - When a reel of Magnetic Tape is wound with the base
side of the tape toward the outsider it is said to be an
YAV Wind tape. This type of wind is most common.

ADDITIVE - In the process of manufacturing magnetic tape the
coating is comprised of the oxide material, the binders:
and other materials. These other materials are referred
to as additives. These additives serve the purpose of
mak ing the binder more pliable {Plasticizers}, reducing
the friction of the binder {Lubricants}, and preventing
fungus growth {Fungicidesl’.

AXIMUTH ALIGNMENT - The alignment of the recording and reproducing
gaps is azimuth or so that their centerlines are parallel
to each other.

“BY WIND - A reel of magnetic tape wound with the oxide toward
the outside.

BASE FILM - Commonly referred to as the base. The plastic that the
coating is placed on. The base of most tapes used in conjunc-
tion with computers is polyester.

BINDER - The material used in the process of manufacturing magnetic
tape to bond the oxide particles in the coating. Usually
composed of organiz resins.

BIT DENSITY - The amount of digital information placed in one
longitudinal inch of tape. Usually referred to as bits per
inche. {B.P.I.}. Densities are usually 200, 55t, or 800 BPI.

BLOCKING - The term applied to the tendency for adjacent layers
of tape on a reel to stickr or adhere. This occurs usually
after the reel or tape has been stored under adverse conditions

of high temperature and humidity.
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BUCKLING - The condition where the concentricity of the reel
of tape is deformed due to improper windings tension or
storage under adverse conditions.

BULK DEGAUSSER - A device used to erase an entire roll of tape.
A reel of tape is placed on the device and rotated while
the kO cycle erasing field is decreased.

BULK ERASER: - See Bulk Degausser...

CHANNEL - See Track.

CINCHING - The condition that occurs between the layers of tape
when the reel is rapidly accelerated or decelerated.

COATING - The magnetic material applied to the base during
manufacture of tape. The coating consists of the oxide
particles and the binder.

COATING THICKNESS - The thickness of the magnetic coating applied
to-the base of a magnetic tape. C(oatings range in thickness
from 170 to bS50 microinches.

CUPPING - The term applied to the curvature of tape in a
lateral or transverse direction.

CORE - A magnetic material that affords an easy path for magnetic
flux lines in a coil-.

DEFECT - Any imperfection in magnetic tape that may lead to
loss of information due to dropout or signal decrease-

DIGITAL RECORDING - Magnetic Tape recording in which the
information recorded is in terms of two discrete values.

DROPOUT - A temporary reduction in output of more than a pre-
determined amount. Usually expressed in terms of the

percentage of reduction.
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ERASURE - The process of neutralizing the magnetic pattern
on a magnetic tape. This removes previously recorded
information and is usually performed just prior to
recording new information.

ERROR - The term given to a dropout or a noise pulse that
exceeds a predetermined value.

FLUX FIELD - All electric or magnetic lines of force in a
given region.

FREON-{TF} - Trifluorotri chloroethane -- a water-white liquid,
non-flammable and noncombustible used in cleaning magnetic
tape and tape transports.

GAP - The distance between the poles of a recording head:
measured in mils. The gap is a deciding factor in the
frequency response of a head. The smaller the gapr the
higher the frequency range.

GAP LENGTH - The dimension of the gap of a record head measured
from one pole face to the other pole face.

GAP WIDTH - The dimension of the gap measured parallel to the
pole face. The Width determines the width of the track on tape.

HEAD - The term applied to the device that performs the actual
Writing” on tape or YReading’ from tape. Basically a ring
shaped electromagnet across which magnetic tape is drawn.

HEAD ALIGNMENT - The physical placement of the read/write head
assembly so that the gaps are perpendicular to the longitudinal
axis of tape travel.

LINE OF FORCE - A line in a magnetic field that shows the

direction of the force-.
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LONGITUDINAL PARITY - Parity for each track.

MAGNETIC FIELD - The space in which a magnetic force exists.

MAGNETIC FLUX - The total number of lines of force issuing
from a pole of a magnet.

MIL - One thousandth of an inch.

MOLECULE - The smallest particle of any substance which can
exist free and still exhibit all the chemical properties
of the substance.

MYLAR - The DuPont trade name for polyethelyne terephalate:

a durable plastic used as a base for magnetic tape.

NRZI - Non-return-to-zero indiscrete. A method of recording
whereby a binary Yone" is recorded by a reversal of current
directions, and a binary Yzero” is recorded by no reversal of
current.

PERMEABILITY - A measure of the ease with which magnetic |ines
of force can flow through a material as compared to air.

POLARITY - The character of having magnetic poles.

RAW TAPE - A term applied to magnetic tape that has not been recorded.

RELUCTANCE - A measure of the opposition that a material offers
to magnetic lines of force.

RETENTIVITY - The measure of the ability of a material to hold
its magnetic strength.

SKEW - Misalignment of bits recorded on tape. There are two
types of skew: 1} Static 2} Dynamic.

Static Skew is caused by misal ignment of heads or non-

uniformity of head construction.
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Dynamic skew is caused by curved taper changes in tape
guiding, circuit instability, reel wobbler and anything
which will cause a mechanical oscillation or jitter to the
tape.

SPLICING TAPE - A special, cold-flow:s pressure sensitiver non-
magnetic tape used to splice magnetic tape and to apply
latch leaders to magnetic tape.

TRANSDUCER - A device by means of which energy can be transmitted
from one unit to another. The input and output energies can
be of the same form or different forms.

TRANSVERSE - Vertical recording. Perpendicular to the edge of
the tape.

TRANSVERSE PARITY - Parity for each frame.
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