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READ FORWARD SEQUENCE 

when tape has reached free-running speed, line of tape -;)I-AIR. Delayed 
sprocket pUlse emitted approximately 40 us later. 

from Tape Leader Delay Control (from Start Sequence) 
Start Read/Move to Read Control 

Start Read/Move (from TLDC) 
OR 
Start Read/Move from Bad Spot Control 

Set Read/Move Control I to "1" (cleared by Stop Read/ 
Move from Bad Spot Control, giving Hold Clear AIR) 

Read/Move Control I "I" (and Read Enable) 
AND 
DELAYED SPROCKET PULSE 

AIR to TR35 •.• 30 and Tape Parity Translator 
Clear AIR 
Read "pulse" 

Read Pulse from Read/Move Control 

l READ 
AND 
MOVE 
CONTROL 

I Initiate Shift to Tape Shift Control 
Test Parity (check odd count) to Parity 

Translator J 
1. DELAYED SPROCKET PULSE 
2. possible "1" from parity track 
3. possible odd count from check of bits 

Check Parity from Tape Shift Control AND 1 only or 1, 2, and 3. 
Set Parity Error Indicator to "1" 

BTK end carry 
lOA Read Acknowledge 

BTK end carry and Parity Error Indicator "I" 
Set parity error indication in lOA 
Initiate parity error stop to Stop Control 

TAPE 
PARITY 
TRANSLATOR 
AND 
CONTROL 

Initiate parity error stop to TCRS (Start Sequence) J 

Initiate Shif~ fromMT Read Control 
TR shifted left six times 
TSK end carryon last shift-

Clear Block End Indicator to Block End Stop Control 
Check Parity to Par it)'-~C.on1rol 
Advance U( 

Set TCR lockout to TCRS (Start Sequence) 

TAPE SHIFT 
(COUNTER AND) 
CONTROL 
(TSK) 



Advance L:lne Counter 
(LK advanced six times, on sixth - ) 

LK end carry to Word Counter (Advance WK) 
LK end carry to Tape Register Control 

Advance Word Counter 
(WK advanced 20 times, on last advance) -

WK end carry to Blockette Gounter 

Advance Blockette Counter 
(BTK advanced 6 times, on la st advance) -

BTK end carry to Block End Stop Control 
BTK end carry to Sprocket Error Control 
BTK end carry to TSC <Clear TCR lockout, Start Sequence) 

Block End Indicator set and Stop Select Enable available before next, 
if any, TSK end carry received 

Initiate Stop (Read) to Stop Control 
Initiate Stop to TCRS (Start Sequence) 

LK end carry 
TR~IOB 
lOB Read Ack~wledge to lOB Control 
Clear'l'R 

> 720 error caus;e<t by 
Delayed Sp,roeket no. 721 received wi thin 250 micros after 

BTK end c'a rry -
Initiate sprocket error stop to Stop Control 
Initiate sprocket error stop to TCRS (Start Sequence). 

< 720 error caused by 
BTK = 5, BSK = 0 
and during 225 micros wait after last delayed sprocket pulse 
"'('iW' additional sprocket pulse during thi s tithe) -
No WK end carry (i. e., no advance BTK) 
No advance BSK 

After, 225 aicros wait, all conditions above, and Read Enable 
Initl~te sprocket err~r stop to Stop Control 
Initiate sprocket error stop to TCRS' '(Start Seq uence) 

1 LINE 

I COUNTER 
(LIO 

/ 

] 

WORD 
COUNl'ER 
(WK) 

'1 

COUNTER 
(BTK) 

J 

BLOCKETIE 

1 
BLOCK END 
STOP CONTROL 

1 
TAPE 
REGISTER 
CONTROL 
(TRC) 

SPROCKET 
ERROR, 
CONTROL 

pulse rates . 
50 lines/ in: 
every~OO us 

128 1 ines/ in: 
every:::=:80 us 
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READ BAC~ ARD SEQUENCE 

when tape has reached free-running speed, line of tape~AIR. Delayed sprocket 
pulse -=40 us later •. 

from Tape Leader Delay Control (from Start Sequence) 
Start Read/Move to Read Control 

Same as Read Forward until LK = 5 

LX F 5 line shifts 
Initiate Shift to Tape Shift Control 
Set parity (test odd count) to Parity Translator and 
Control 

LK = 5 line shifts 
Inhibit Shift to Tape Shift Control 
Set Parity to Parity Translator and Control 

Same as Read Forward 

Same as Read Forward (except TR shifted right six times) -

Until 

Inhibit Shift from Read Control OLK = 5) 
AND 
Initiate Shift on sixth line 

No TR shift 
Simulate TSK end carry giving -

Clear Rlock End Indicator to Block End Stop Control 
Check 'arity to Parity Control 
Advance LK 
Clear TCR lockout to TCRS (Start Sequence) 

REMAINDER OF SEQUENCE same as Read Forward 

1 
READ 
AND MOVE 
CONTROL 

] 

TAPE PARITY 
TRANS. AND 
CONl'ROL 

TAPE SHIn 
COUNTER Aft) 
CONTRa.. 

(TSIO 
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MOVE FORWARD OR BACKWARD SEQUENCE 
(Delayed sprocket pulse~40 us after tape line to AIR) 

Start ,Read/Move 
.~ t 

No Stop Read/Move from Bad Spot Control __ I 
~----

Delayed Sprocket Pulse AND 
Start Read/Move <initial or 
from Bad Spot Control) 

Advance Line Counter 
I 

line shifts left # 6 

'f; 20 words 

IJ( end carry 

Advance Word Counter 
l 

1ll'K end carry 

Advance Blockette'Counter 

=51 I :B'lK ~ 6--blockettes 
V B1K end carry --------, 

Block spacing detected (1 block moved) ~ 

St:u~~t: ~~ ~~d_ ~a~r~ ______ ~ ~~~:!~~t 7~~~!e 

BK 0 

Back Block Counter Indicate fault 

BK = 0 
(n blocks moved) . 

I 

I 
I 

I 
W 

- - ~ - - ._.- - - - - - - - - - - - -, 

Initiate Stop 
(see Stop Sequence) 
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MOVE FOmVAHD OR BACKWARD SEQUENCE 

when tape has rcncnea free-running speed, line of tape -~J\IR. Delayed 
sprocket pulse emitted approximately 40 us later. 

from Tape Leader Delay Control (from Start Sequence) 
Start Read/Move to Read and Move Control 

Start Read/Move (from TLOC), 
OR 
Start Read/Move from Bad Spot Control lREAD 

Set Read/Move Control I to "I" (cleared 
from Bad Spot Control) 

by Stop Read/Move AND 

Read/ Move Control 1< "1" ( and Move Enable) 
AND 
Delayed Sprocket Pulse 

Delayed sprocket pulse to Line Counter (Advance LK) 

Advance Line Counter (Delayed Sprocket Pulse) 
LK advanced six times, on Sixth" 

LK end carry to Word Counter (Advance WK) 

Advance Word Counter 
WK advanced 20 times, on last advance -

WK end carry to blockette counter (Advance BTK) 

Advance Blockette Counter 
BTK advanced six times, on sixth -

BTK end carry to Block End Stop Control 
BTK end carry to Sprocket Error Control 
BTK end carry to Block Counter (Back BK) 

Blockette end carry 
Back BK (=n) until zero, then BK = 0 enable to Block 
End Stop Control 

BKT end carry, BK = 0, and Move enable 
Initiate Stop (Move) to Stop Control 
Initiate Stop to TCRS(Start Sequence) 

MOVE 
CONTROL 

J
LINE 
COUNTER 
(I.K ) 

J
WORD 
COUNTER 
(WK) 

BLOCKETTE 
COUNTER 
(BTK) 

] 

BLOCK 
COUNTER 
(BK) 

]

BLOCK END 
STOP 
CONTROL 

28 



>720 error caused by 
Delayed sprocket pulse no. 721 received within 250 us 
after BTK end carry -

Initiate sprocket error stop to Stop Control 
Initiate sprocket error stop to TeRS (Start Sequence) 

<120 error caused by 
BTK :;: 5, BSK = 0 
!]Q during 225 us wait after last delayed sprocket 
pulse (no additional sprocket pulse during this time) 

No WK end carry (i.e •• No Advance BTK) 
No Advance BSK 

After 225 us. wait, conditions above, and Move enable 
Simulate BTK end carry to Block Counter 
Simulate BTK end carry to Block End Stop Control 
No fault indication 

1 

J 

SPROCKET 
ERROR 
CONTROL 
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STOP SEQUENCES 

(Signals from Read, Write, and Move Sequences) 

Ini tiate Stop (Wri tel from Block End Stop Control 
If 2.4 inch block space enable, after~ 9.5 ms delay -
If 1.0 inch block space enable, after~ 2.5 ms delay -

Stop Un!servo to Tape Dr! ve Control 
Clear TCR, BK, TR, AIR 
'~aster Clear" tape control system 

Initiate Stop (Read or Move) from Block End Stop Control 
after:::: 2.5 ros delay 

Stop Uniservo to Tape Drive Control 
Clear TCR, BK, TR, AIR 
'~aster Clear" tape control system 

Initiate Parity Error Stop from Tape Parity Translator and Control 

OR 

Initiate Sprocket Error Stop from Sprocket Error Control 

OR 

Initiate No Information Fault Stop from Block End Stop Control 

after~ 2.5 ms ,delay 
Stop Uniservo to Tape Drive Control 
Clear TCR, BK, TR, AIR 
'~ast~r Clear" tape control systemo 

STOP 
CONTR(L 
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d. TAPE OPERATION TIMING. 

(1) GENERAL.- Before a stuay is undertaKen of the avallable computation 
times during tape operations, it is helpful to review the conditions which are 
necessary during tape operations before 

(a) An ~xternal Function, External Write, or External Read instruc~ 
tion can be executed following an EF tape instruction and 

(b) the transmission IOB-->Tca can occur after an EF tape instruc­
tion is executed. (lOB is automatically cleared immediately after thls trans-' 
mission,) 

The transmission X~IOB during the execution of an EF or EW instruction is 
not possible after the execution of a previous EF instruction until an lOB 
Resume is received by lOB ContrOl. (A lockout condition is established by lOB 
when a second X~IOB transmission is attempted before an lOB Resume is received 
from external equipment.. This prevents the use of lOB for a second output oper­
ation before the first is completed.) No wait for an lOB Resume is necessary 
when an ER instruction follows an EF instruction since the attempted execution 
of an ER instruction sets up an lOB lockout until information is received from 
external equipment (and this transmission is not received until a tape opera­
tion is underway). An lOB Resume generated by tape control after an EF instruc­
tion indicates that tape control has accepted the current content of TCR'as a 
tape operation. Since this lOB Resume allows the loading of lOB by a second 
EF instruction or an EW instruction, TCR must be protected against receiving 
another IOB--7>TCR transmission until the first tape operation is completed. 
This protection is provided by setting the "TCR lockout" before giving the~IOB 
Resume. Then, since t~ese transmissions are blocked, lOB may be loaded safely 
by another EF or an EW (or an ER). Since a Bias Change operation does not 
effect a TOR lockout, it does not generate an lOB Resume until the change of 
bias is completed.) 

After an EF tape instruction has been executed, the TCR lockout set up by 
the previous tape operation must be removed before the operation code currently 
in lOB can be transmitted to TCR. (In some cases, as pointed out previously in 
the description of the Start Sequence, the removal of the TCR lockout is not 
sufficient to allow the IOB~TCR transmission.) 

It should be noted tha t if TCR has not been cleared previous to an lOB ~ Tal 
transmission, the logical sum of lOB and the current content of TCR is formed 
in TOR. This is not allowable except when an EF stop instruction is programmed 
to terminate a Read or Write operation. 

The occurrence of these signals, lOB Resume, set TCR lockout, clear TCR 
lockout, and clear TOR, during each of the legitimate tape operations is pointed 
out below. 

Read or Write Uniseryo j (and stop) 

1 When and it] is available (see Start Sequence). the Tal 
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lockout is set and the lOB Resume is given. 

2 A BTK end carry clears the TCR lockout. (A TSK end carry, 
if reading or writing is continued,resets it). 

3 A BTK end carry and a Stop enable initiates a tape stop 
during which TCR is cleared. . 

4 A stop initiation prevents another lOB to TCR transmission 
for approximately 10 ms. (See Start Sequence) 

~ote that an lOB to TCR transmission can occur immediately after 
the last BTK end carry (unless a Read or Write One Block and 
Stop operation was programmed). Since TCR is nGt yet cleared, 
no operation except a Stop should be programmed immediately 
after reading or writing n ()1) blocks J 
Move Uniservo j !!. blocks, n > 0 

I When and if j is available (see Start Sequence) the TCR 
lockout is set and the lOB Resume is given. 

2 BTK end carry clears the TCR lockout (TSK end carry resets 
it) but lOB to TCR transmission is not allowed until TCR is 
cleared, removing the Move enable. 

3 A BTK end carry from the nth block and a Move enable from 
TCR initiates a tape stop during which TCR is cleared. 

Stop Reading .2!. Writing of !!. ( )1) blocks 

(Uniservo designation and read or write enable remain in TCR 
from the read or write operation to be terminated.) 

I Since J IS available, the TCR lockout is set and the lOB 
Resume given. 

2 The Stop enable now in TCR with the previous BTK end carry 
initiates a tape stop during which TCR is cleared and TCR 
lockout cleared. However, the stop initiation prevents an­
other lOB to TCR transmission for approximately 10 ms. (See 
Start Sequence) 

Rewind j or Rewind j with interlock 

1 When and if j is available, TCR lockout is set and lOB 
Resume is given. 

2 When Rewind inffiation is completed (see Start Sequence) r 

TCR lockout is cleared and Ten is cleared. 
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1 TeR lockout IS 

2 Bias Change completion after approximately 20 ms 
effects 100 Uesume and Clear TeR. 

(2) AVAILABLE COMPUfION TIMES. 

(a) A tape operation becomes effective when the operation 
specification, as placed in lOB by an External Function instruction,is trans= 
mitted to TCR. This transmission may not occur immediately after the execu­
tion of an EF instruction. The initiation of a tape stop on any uniservo 
causes a Stop Initiation delay which prevents for 10 ms the following: lOB 
to TCR transmission, lOB to BK transmission, and Clear lOB signal. Consequent­
ly, t~e emission of the lOB Resume signal is also detained until this time, 
and longer if a Change Bias operation is being initiated. During this 10 
ms, an,E>.:ternal Function instruction may be executed but the tape operation 
is not initiated. The attempt to execute an External Read or External Write 
instruction, if a read or write operation is to be initiated,' or a second EF 
instruction, establishes an lOB lockout condition until the lOB Resume is 
emitted. 

(b) Between an External Function instruction for a read or 
write operation on uniservo j and the first External Bead or External Write. 
It is assumed that uniservo j is immediately available. 

Writing operation, Reading operation 

Possible Stop Initiation delay* 10 ms (maximum) lO ms (maximum) 

The following delays are incurred after a read or write operation is initiated. 
but before a word is trans~itted to lOB (in reading) 9r (in writing) before 
tape control assumes a word has been received from lOB. 

, Tape Direction delays 
normal 
if movement i[ to be in 

opposite direction from 
previous movement 

Leader delays 
if tape is on leader 

2.5 ms 2.5 ms 

600 ms 600 ms 

1500 ms 1000 ms 

• If ~~eEF Read or Write instruction immediately follows an EF Stop Instruc­
tion or the last ER or EW of a previous Read or Write One Block and Stop 
operation. See paragraph (a). 
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Block Spacing delays 
for one inch block spacing 
tor 2.4 inch block spacing 

7.5 ros 
14.5 ros 

5.0 ms • 
5.0 ms til 

The delays listed are "progressive", i.e., they are not initiated simultaneously. 
The delays listed detain signals internal to the tape control system with the 
exception of the block spacing delays listed for a reading operation. 

(0) Between successive External Read instructions or successive 
External Write instructions: 

at a recording density of 128 lines per inch 
at a recording density of 50 lines per inch 

436 microseconds 
1168 microseconds 

Tape moves at a rate of 100 inches per second. Therefore, for a recording 
density of 128 lines per inch,36-bit words are transferred to lOB ( or sensed 
from lOB) at the rate of one word every 468 microseconds (104• 6/128 microsec­
onds). When the execution time for the External Read (or External Write) in­
struction is subtracted from this time, 436 ~icroseconds remain for computation. 
The available computation times for other rec.ording densities are similarly 
computed. 

(d) During the time a block or blockette spacing is moving past 
the read/write head: 

Writing operation** Reading operation ••• 
One inch inter-block or 

~nter-blockette space 9.968 ms 7.468 ms 

2.4 inch inter-block space ' 23.968 ros 17.968 ms 

0.1 inch inter-blockette space .968 ms .118 ms 

·Actual reading of the tape does not begin until the tape is moving through the 
read/write head at its free-running speed. The times quoted above are acceler­
ation time for the tape to reach this rate. These delays assume no variation 
from a tape speed of 100 inches per second and are minimum times for this speed. 
The times of 7.5 or 14.5 are allowable assuming that block spacing is exactly 
1.0 or 2.4 inches and that tape movement is stopped exactly in the middle of the 
block spacing. Only when the block spacing is known to be consistently 2.4 inches 
can the 14.5 ms time be used. 

··During a writing operation the writing pulses are cut off for 10, 24, or 1 ms. 
These times minus the .032 ms execution time of the External Write instruction 
yield the times quoted above. 

···Again the reading rate is dependent on the tape speed and the length of the 
inter-block and inter-blockette spaces. It is ample to allow for a 25% devia­
tion in the length of spaces between blockettes and between blocks. Thus, the 
minimum available computation time"assuming tape motion at the rate of 100 
inches 'per second and a space of O-~'15 inches in -lengt'h. is computed to be 
(7500 - 32) microseconds while a "one inch" block space is moving by the read/ 
write head. 
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(e) A maximum computation time of 250 microseconds can be 
used for other than tap~, operations between the External Read or Write in­
struction which reads the last word in the last block and the External Func= 
tion instruction which initiates a tape stop. 

(f) Computation time available after a Move Forward or Move 
Backward operation becomes effective (on lOB to TCR, lOB to BK). Another EF 
tape instruction may be executed inmediately but it will not ,become effective 
until after times listed below. 

Tape Direction delays' 

Leader delay 
, or 

Accelerati~n time· 

minimum 2.5 ms or 
maximum 600 ms if tape movement is to be in 

opposite direction from last movement. 

1000 ms if tape positioned on leader 

5 ros if tape not positioned on leader 

Free-running time· for n blocks: 
Block X'at~ 

recording density 126 lines/inch 
recording density 50 lines linch 

Inter-block space rate 
one inch inter-block space 
2.4 inch inter-block space 

Stop Initiation delay 10 ms 

n x 56.25 ms 
n x 144.00 ms 

(D-I) x 7.468 ms 
( It -"1) x 17. 968 IDS 

(g) Computation time available after a Rewind or Rewind 
with Interlock operation becomes effective (on lOB to TCR). Another EF tape 
instruction may be executed immediately but the lOB to TCR transmission for 
this operation is not allowed until after the times listed below: 

Minimum 10 ms or 

Maximum 600 ms if tape movement is to be in opposite direction from last 
movement 

In addition to the times quoted above, if the tape instruction following a 
Rewind instruction references the same uniservo, this next instruction wlll 
not become effective until the rewinding is completed. Maximum rewinding 
time is approximately three minutes. In this ease, this time also could be 
used advantageously for other computations not referencing lOB. 

• Assuming no variation from a tape speed of 100 inches per second. 
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(h) Computation time ,available aftar a Change Bias uv~~~­
tion becomes effective. The attempt to execute immediately another External 
Function iDstruction establishes an ICE lockout condition. There is a 20 IDS 

delay after the initiation of 8 bias cbange before another EF instruction 
can be executed to its completion. 
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START DIAGRAM 
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--- - CONTROL SIGNALS ORIGINATING IN OTHER PORTIONS OF CONTROL 
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READ DIAGR'AM 
CONTROL LINES 
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ClEAR TCR INDICATE 
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Figure 2 
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MOVE DIAGRAM 
CONTROL LINES 

--- - CONTROL LINES ,OTHER SECTIONS OF CONTROL 
INFORMATION FLOW 

MOVE (FROM 
START DIAGRAM) 

i '" 
READ AND 

MOVE 
CONTROL 

LINE COUNTER 

0)­
Zo: 
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~<t 
..JO 

'I 
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ERROR 
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TAPE 
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------------~~~~ BLOCK END 
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Figure 3 
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WRITE DJAGRAM 
CONTROL LINES 

~---.. CONTROL SIGNALS TO AND FROM OTHER PORTIONS OF CONTROL 
INFORMATION FLOW 

OSCILLATOR PULSES 
I 

PREPARE FOR WRITING OPERATION 
(FROM START CONTROL) 

'" " " MT WRITE 
CONTROL 

I 

TAPE REGISTE R 
CONTROL 

lOB .y 

0 
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t-
X 
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W 
I-
0: 
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0 
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,~ 
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~>­
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~--------~I~-------+~~ 8 
FAULT ~ CLEAR "TR READY" 

~_C..;;..;O_N~T .... R.;..;O~L;........J .... 
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UJ-
.... 0: 
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o -------, 

TAPE SHIFT 
(COUNTER AND) 

CONTROL 

I 
I 
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NO INFORMATION 

FAULT 

lOB 

" ,It 

SHIFT TR .. 4-

~-+--------------------------------------~~, 
TAPE 

REGISTER 

TAPE WRITE 
AND RESUME 

....... 
TAPE PARITY 
TRANSLATOR 
AND CONT'ROL 

PARITY BIT 

SPROCKET PULS E 

CONTROL } 

~ WRITE ONE LINE . 
Z~--------------------------------------------·~~ a 
~ 
o~ 
<t~ 

LINE COUNTER 

0>­
Zo: 
Wo: 
:S5 

WORD COUNTER 

TAPE 

1\ >-
~ 00: 

~~~ 
...-------.. 0 

BLOCKETTE 
1\ COUNTER 

>­
~ 00: 
I- z~ 

'.~.~ ....•. '."". CD L1JU 

r 
CLEAR TCR LOCKOUT 

CHECK FOR srqe ENABLE 

Figure 4 

BLOCK END 
STOP CONTROL 

r ""'--____ -.--___ ..... 

~ 
INITIATE STOP TO STOP CONTROL 

40 



OPERATION 

a. OPERATION INDICATORS. - Tape operation is reflected by the condition 
of indicators on the uniservos, the tape control cabinet, and the lelt section 
of the computer control panel. These indicators and their reactions to tape 
operation and tape operation faults are discussed in the following paragraphs. 

(1) UNISERVO. - The "Ready·' indicator (green) is between the tape reel 
panel doorst upper center section of the uniservo. This indicator is illuminated 
when the uniservo interlock circuit is energized; i.e., when power has been 
applied to the uniservo, when the tape reel panel door switch is set to its ON 
position, and when the Forward Limit, Mylar Detector, Left Tape Loop, and Right 
Tape Loop switches ore in their normally closed position. If this indicator 
is not illuminated, the uniservo is not ready for operation. 

A failure to have the interlock circuit not energized because power has not 
been applied to the uniservos would not usually occur. Power is normally 
applied to the uniservos (and the tape control system) at the same time power 
is turned on for the computer. Normally, if it is noted that the "Ready" indi­
cator is not illuminated, the interlock circuit is not energized because one 
of the switches in the circuit is open. The condition which caused the switch 
to be opened must be corrected before any operation on the unit can be under­
taken. If operation is attempted on a unit in which the interlock circuit is 
not energized, a computer B-Fault condition is incurred. The interlock switches 
and the conditions which cause them to open are discussed in the" following 
paragraphs. 

The tape reel panel door switch is located immediately below the "Ready" 
indicator. This interlock switch must be set to OFF to open the left tape 
reel panel door and cannot be returned to its ON position until the door is 
closed. Effectively, then, opening the uniservo door causes the "Ready" indi­
cator to be dropped. The door must be closed and the door switch reset to ON 
before the interlock circuit is energized. 

A Mylar shim, or buffer tape, is inserted between the. read-write head and 
the metallic recording tape. This plastic tape serves to reduce both tape 
wear and friction. When this tape is broken or the supply is exhausted, the 
Mylar detector interlock switch is opened, dropping the "Ready" indicator. The 
replacement of the Mylar tape by maintenance procedures closes this interlock 
switch. 

The Forward Limit interlock switch is opened when the magnetic tape moves 
into its "leader" area on its far end, i.e. t the left-hand tape reel is 
depleted and the right-hand tape reel contains all of the tape. (The Forward 
Limit switch is opened when the "rubber bumpers" on the "leader" on the far 
end of the tape are detected). To close this switch and energize the uniservo 
interlock circuit, the tape must be rewound past its "leader" position. This 
is accomplished by opening the panel door "and manually turning the reel in the 
counter-clockwise direction several times (until the switch no longer makes 
contact ~with the rubber bumpers). "T1ie complete rewinding of the tape onto 
the left-hand reel can then be accomplished by the normal rewind operation 
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which cnn be instiGatod LL~illlal1y 1'1'c f..li'~ (;C!';;!,tcr eO:ltl'ol p:1;lel or under 
nroftram cont role 
I.- v 

The Right and Left Tape Loop s~;'i t.r.ll'.;~ are 0ld,,:11l'd rlLcn Uw tape loops arc 
out -of normal position. This could Lc cUHsed Ily tall:·: hrC':d::lal: or pO:'j~ibly 
could result from faulty operation of cOlltrol cireu.its in the uni!:.iervo. 
Maintenance procedures are .HH~cssary to correct those conciitioHS. 

De-energizing the uniservointerlock circuit could also be caused by 
blowing a fuse. A blovJn fuse in the uniservo cahinet is shown by the illumi­
nation oCthe Fuse indicator. 

Inside the right-hand tape reel door, above the tape reel mounting, arc 
_ indicators labeled nowind Interlock and Fault. Fuse and Temp. 

The Fuse indicator is illuminated by a blown fusc. This indicates that 
some part of the uni-servo is illoperat ive and the uniservo interlock circuit 
may be de-energized. Detection and replacement of the blown f~se is a 

. maintenance procedure. 

The Temp. indicator is illuminated when a temperature rise above 1200 F. 
is detected in the uniservo. This condition causes a computer A Fault and 
illuminates the Temp indicator in the A Fault Group on the computer control 
panel. Computer operation is halted by an A Fault condition. Operation is 
resumed after corrective maintenance by depressing the Clear A Fault button 
(unless a B-Fault has resulted from tape reading or writing occurring at the 
time of the computer stop. If this is the case t either (1), the ~rr fault 
indicator in t,he B-Fault group on the computer control pane I and the No 
Information fault indicator in tape control cabinet are illuminated, or (2), 
the 10 fault indicator in the B-Fault group on the computer control panel Is 
illuminated) • 

The Rewind Interlock indicator is illuminated when the magnetic tape has 
been rewound with interlock on the left-hand tape reel. This condition indi­
cates that the tape on this uniservo should be replaced before this unit Is 
used again. Opening the door to replace this tape drops the "Ready" condition 
of this unit (because the door swi-t-eh .. st. be set to OFF) and drops the re-
wound with interlock condition. ' 

Inside the right-hand tape reel door, above the tape reel mounting, are 
indicators labeled Clutch, stop (red) and Go·o(green). 'The Go tndicator Is 
illuminated by the sitJ-nal-which is sent to the tape drive mechanism to pull In 
the clutch and start tape movement. This indicator remains illuminate&- ItDt!1 
a stop tape signal is received by the tape drive mechanism to operate the 
brake, thus releasing the clutch. At this time the Stop indicator is illumi­
nated and remain~ illuminated until the tape Is re-started or until power i. 
dropped from the unit. 

(2) TAPE CONTROL CABINET. - This cabinet is located immediately to the 
left o(~~~h.e Power Supply Cabinet •. _.Located inside the right-hand door are tape 
fault indicators and the Logical Number Selection switches. Each uniservo is 
physical-ly defined by one of the numbers 1.2, •.• 10. depending upon the number 
of uniservos installed.. For instance, i. an installation has eight uniservos, 
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it would be expected that the numbers 1 ••• 8 would define the eight units. 
The Loaical Number Selection switches are labeled Uniservo 1, Uniservo 2, etc. 
Encirciing the switches are. the numbers 1 through 10. A uniservo i's ass igned . 
a logical designation by turning the appropriate selection switch so that the 
white line on the switch is in line with the number desired. The numbers 
available for logical assignment depends upon the number of uniservos installed, 
i.e., if eight uniservos are installed, any of these units may be logically 
assigned any of the numbers one through eight. Thus, if the eight uniservos 
at an installation are physically defined as uniservos 1 ••• 8, the switches 
labeled Uniservo 9 and Uniservo 10 should be set to the logical designations 
of 9 and 10. It is not allowable for two switches to be set to the same 
logical designation even though some of the switches define a non-existent 
uniservo. 

The tape fault indicators (red) above the Logical Number Selectionswitchea 
are labeled No Information, Sprocket Error, Selection Error, and UniserVOInter­
lock. These indicators are illuminated by the detection of one of these tape 
faults. These faults also cause the illumination of the MT indicator in the 
B-Fault group on the computer control panel and cause a computer B-Fault stop. 

The logical number Selection Error is caused at any time the computer is 
in operation by setting two Logical Number Selection switches to the same 
number. i.e., giving two "uniservos" the same logical design8:tion. The fault 
occurs regardless of whether or not the "uniservo" is non-existent or out of 
service for maintenance reasons. This fault must be corrected before computer 
operation can be resumed. Correcting the selection causes the Selection Error 
fault light to be extinguished. Operation is r~sumed by depressing the Master:· 
Clear Button (which drops the B-Fault light), making the desired selections on 
the computer control panel, and depressing the computer Start button. 

In order to prevent a Selection Error fault from occurring at the time ot 
making a logical. number designation change, the computer operation must be . 
stopped, Depressing the Force Stop button on the computer control panel will 
allow a setting to be made safely. Computation is re-started by depressing 
the Start button. . 

The Uniservo Interlock Fault is caused by referencing for a tape operation: 
a unit in which the interlock circuit is de-energized. This condition is shown 
on the unit referenced by the extinguishment of the "Ready" indicator. The 
causes of. this condition have already been discussed in the paragraphs dis­
cussing the "Ready" indicator and uniservo interlock circuit. Computer oper­
ation can be resumed by depressing the Master Clear button. which extinguishes 
both the ·MT and Uniservo Interlock indicators t making the desired selections 
on the control panel, and depressing the Start buttoni but, if the cause of the 
uniservo interlock fault was not corrected and the same unit is again referenced, 
the B-Fault will re-occur. Correcting the Uniservo Interlock fault during 
a 8-Fault Stop extinguishes both the Uniservo Interlock indicator and the IT 
fault indicator. Operation is resumed by depressing the Master Clear button 
(which drops the B-Fault indicator), making the desired selections on the 
control..£a_nel, and depressing the Start button. 
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The No Information and Sprocket Error faults are discussed later in the 
fault section. These faults can be cleared, and their indicators, the MT Fault 
indicator, and the B-Fault indicator are extinguished, by depressing the Master 
Clear button on the computer. 

When the occurrence of an MT B-Fault is noted, observing the condition of 
the tape fault indicators in the tape control cabinet is a~ aid to diagnosing 
the cause of the fault. Before the cabinet door is opened, the Bypass Cabinet 
Interlock key in the Test Switch group, right section of the computer control 
panel, must be turned to its Abnormal position. The failure to do this before 
opening a cabinet door causes an emergency power drop to the computer system, 
and maintenance procedures are necessary to resume operation~ 

(3) SUPERVISORY CONTROL PANEL. - Represented on the left section of 
the Supervisory Control Panel are components of the tape control system. The 
banks of lights which assist the operator in manual operation of the uniservos 
and aid in diagnosing certain of the fault conditions and computer operation 
"delays" are those labeled TCR. Tape Control Register, TR, Tape Register, and 
BK, Block Counter. The button labeled MT Test Start Step in the MT Test Writing 
Rate group is depressed to manually initiate a tape· operation. The illumination 
of one of the indicators labeled MT Read Bias, high or low, shows the selection 
of a read bias other than normal. 

The bank of lights labelled Center Drive ContrOl,' Start and Stop, indicate 
tape movement on the uniservos. An indicator in the top row is illuminated 
by an "operate clutch" signal to a particular unit; this indicator is e~­
tinguished by an "operate brake" signal which illuminates the indicator in the 
bottom row. The numbers below the ten pairs of indicators, between the "set" 
buttons (black) and "clear" buttons (white) are the physical definitions of 
the uniservos. If the need for an immediate stop of tape movement should arise, 
this can be effected, if the computer is not in operation at the time or'if 
operation is in the Test mode, by depressing the "clear" button for the 
appropriate uniservo. (Depressing ~lle computer Force Stop button stops operation~) 

b. PREPARATION FOR OPERATION. - The procedure for preparing for tape 
operation under program control or manual control is as follows (assuming that 
the uniservos have been properly fitted with tape reels): 

(1) Determine whether those Logical Number Selection switches in the 
tape control cabinet which physically define installed uniservos 
have been set to the logical number designations used in the 
program. 

NOTE 

O'he numbers which cau be used for logical designations 
cannot exceed the number of installed uniservos.) If 
any logical designations are to be changed and the com­
puter is in operation, the Force Stop button must be 
deprc:.;sed before Jnit{cJng the switch changes to prevent 
the occurrence of a Selection Error. 
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(2) Check for the illumination of the green "Ready" indicators on the 
uniservos to be used. If this indicator is not illuminated, the 
"not ready" condition must be corrected before this unit can be 
used. Assuming that power has been applied to the uniservos, the 
attempt to use any unit not ready causes a Uniservo Interlock 
B-Fault. 

(3) Check for the illumination of the Rewound Interlock indicators 
on the uniservos to be used. This condition should be eliminated 
before attempting any operation on the uniservo. A tape reference 
to a uniservo which has a Rewound Interlock condition causes a 
computer stall, and until this tape reference is removed from tape 
controi the attempt to eliminate the Rewound Interlock condition 
causes a Uniservo Interlock B-Fault. 

The procedure to replace any rewound tape is as follows: 

(1) Turn the door switch to its OFF position and open the left tape 
reel panel door. 

(2) The small spring clip connecting the magnetic tape and the leader 
should be positioned immediately below the tape reel. This 
connection is broken by spreading the sides of the spring clip, 
thereby releasing its prongs from the small cylindrical ending of 
the leader. 

(3) Pull forward the holding latch on the tape reel m.,0unting. This 
releases a locking pin directly under the knob from its position 
in one of the slots in the inner circumference of the tape reel. 
Remove the tape reel from the tape reel mounting. 

(4) Place another rewound tape on the tape reel mounting so that the 
tape winding is in the clocb~ise direction. Return the holding 
latch to its closed position, first positioning the tape reel so 
that the locking pin is inserted into any of the slots in the inner 
circumference of the tape reel. . 

(5) Connect the magnetic tape to its leader by inserting the prongs 
of the spring clip in the cylindrical ending of the leader. 

(6) Turn the tape reel counterclockwise until any tape slack is 
taken up. 

(7) Close the panel door and ~ the ~ switch to its ON position. 

c. MANUAL OPERATION. - To initiate tape operations from the computer 
control panel. the computer ~ be set to operate in the Test mode. The 
operations which can be successfully completed after a manual initiation are 
Rewind, Rewind Interlock, Move Forward and Backward, and Change Bias. To 
initiate one of these operations, set the desired operation code and uniservo 
selection "(-mceept tor a Change BiaSo~operation) in TCR by depressing the appropri­
ate "set" (black) buttons. (The white button is depressed to clear the 
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register). Manual settings may be made any time the computer is not in 
operation and when operation is in the Test mode. If a Move operation is 

·desired, the number n of blocks to be moved is inserted in BK •.. Depressing 
the MT Test Start Step button then causes the specified tape operation. 

At the completion of the Move Forward, Move Backward, and Change Bias 
Operations: the Tape Control Register and the Block Counter are automatically 
cleared. If the bias is changed to high or low, one of the bias indicators 
(red) in the.Ml' Test Writi.ng Rate group is illuminated. If a manual rewind 
operation is performed, TCR is clear~d wheq the rewind operation is initiated. 

The failure of the registers to be cleared as expected after atteD.1pting 
a manual operation could be due t.o one of the following reasons: (1) The Test 
mode of operation was not selected; (2) for a ·rewind or move operation, no 
uniservoselecti{)D was made in TCR or the uniservo specified is not available; 
(3) for .8. mov,eoper8tion. ,the block count set in TCR was greater than the 
number of blocks available for moving on the tape. This is evidenced by a 
-reduced block count 1:- O· in BK and a Uniservo Interlock B-Fault if the move 
was in a forward direction. 

If a manual Move Forward or MQve Backward operation is attempted without 
inserting a block count in BK, TCR is cleared but no tape movement is 
inItiated •. 
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IMPROPER PROGRAMMING OR OPERATION 

a.GENERAL - Consideration must be given to the effects of improper'pro­
gramming and operation errors on both tape operation and computer operation. 
In general, a program should run correctly ,if the equipment has been prepared 
properly, the uniservo designated is available, a legitimate tape operation 

=bas been specified, the correct number of External Reads and. External 
Writes have' been coded, a Stop has, been coded to terminate a Read or Write 
operation. and the timing restriction~ have been noted in coding, in particular, 
the External Read instructions, External Write instructions. and an EF Stop " 
instruction. A disregard fo~ these requirements may result in an operation 
"delay" (a temporary halt of operation) which (1) may not be immediately noticed 
or (2) may cause indirectly a computer fault; or a disregard for these require­
ments may cause direct ly a computer fault. Any time computer operation is 
stopped, t'ape operation should be stopped to prevent the possibility of at'run­
away" tape. i.e., a tape which moves free of control to its "leader" positioQ 
on the far end. 

I If ~rroneous operation is detected by the tape control system after tape. 
movement has been initiated, the tape control system effects the tape stop and 
initiates a B-Fault computer stop. The tape stop o.ccurs at the end of t,he block 
(i.e., midway of the next interblock space) which was being read, written, or 
moved at the time of the fault detection. At the time the "stop tape" signal 
is sent to the uniservo, the Tape Register, Tape Control Register, and tape 
counters are cleared. In some cases, the execution of computer instructions 
may continue until the time of the actual computer stop, approximately 80 ms . 
after the detection of the tape fault, If this is the case, and an External 
Function instruction for a tape operation is executed during this time, the 
possibility exists of starting another tape movement. If this next EF in­
struction executed is an EF Stop (Read or Write) instruction, the lack of a 
uniservo designation in TCR prevents the initiation of tape movement and effect. 
an lOB lockout c0!1dition. For this ,reason, it is important that an EF. Stop io- . 
struction does not specify any particular unfservo. If tape movement IS started 
erroneously, depressing the computer Master Clear button stops the tape move­
ment~ To stop tape movement without clearing any of the registers on the com­
puter control panel, a button in the Center Drive Control can be depressed as 
described in the section OPERATION. 

When computer operation is stopped by a computer A-Fault. aB-Fault. a 
Force Stop. or a Manually Selective programmed stop, any tape movement in 
progress at the time of the actual operation stop is halted (I), during a rewind 
operation. at the completion of the rewind: (2) during a move operation, at 
the completion of the movei (3.) during a read or write operation at the end of 
the current block being read or written. This block is not read completely or 
written correctly to completion since the appropriate number of External Reads 
and External Writes are not executed. 

10 diagnosing the cause of an operation delay or computer fault, noting 
the condition of the following indicators is helpful. 

(I) On the Supervisory Control Panel: 

The registers in Magnetic Tape Control, in particular, TR, Tea, BK. 
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The lOB register, located above TR. 

Tne program Control Register (PCr{) and Program Address Counter 
(PAK) both located in the center section of the control panel. At 
any time peR holds the instruction being executed and PAK holds the 
address of the next instruction to be executed. 

The 10 and MT fault indicators in the B Fault group, lower center 
section of the control panel. The illumination of the 10 fault 
indicator indicates the occurrence of one of the lOB (or IDA) exter­
nal faults shown in the External Fault group, lower left section of 
the control panel. The illuminat ion of the MT fault indicator shows 
the occurrence of some other fault originating in the tape system. 

The Temp fault indicator in the A-Fault group. 

An lOB lockout condition is shown by (1) the illumination of the 
top-most light in the column labeled Wait External in the Pulse 
Distribution Control group, center section of the control panel, 
and (2) the presence of an ER, EW, or EF instruction in PCR. 

(2) The indicators on the uniservos: Ready. Rewind Interlock, Fuse, 
and Temp. 

(3) The Fault indicators in the tape control cabinet: No Information, 
Sprocket Error, Selection Error, and Uniservo Interlock. 

Note: The door of the Tape Control Cabinet must not 
be opened without first turning the Bypass 
Cabinet Door Interlock key (in the Test Dis­
connect switches, right section of the com­
puter control panel) to its Abnormal position. 

b. OPERATION DELAYS - Operation is "delayed" when an lOB lockout condition Is 
caused by the failure to receive an lOB Resume from the tape control system. 
In most cases this is caused by the refusal of tape control to accept the 
current content of TCR as the proper specification for a tape operation or by 
the refusal of tape control to allow an lOB to TCR transmission. Erroneous 
conditions which cause operation delays are listed below: 

(1) Uniservo j not ava! lable. 
No uniservo designation made. 

Indications: Computer ceases operation with the next External Function, 
External Write, or External Read instruction in PCR. TCR contains the current 
tape operation select bits. lOB is cleared. 

Diagnosis: Operation delay is caused when j designates a "uniservo" 
for whioh there is no physical unit, when uniservo j is rewinding, when 
uniservo j is rewound with interlock, when the j designation is not allo~able 
(I.e •• itt!Xceeds the number of uhIservos installed), or when no j designation 
was made. Note the j selection in TeR, the assignment in the tape control 
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cabinet of this j to a uniservo, and the condition of the Rewind Interlock 
indicator on this uniservo. 

Correction: For the first condition. assigning j (as shown in TCR) 
to'one of the physical units relcas~s the IOn lockout condition and operation 
is resumed. In order to avoid causing a Selection Error B-Fault by changing 
any logical desigriations at this time, the computer Force Stop button must first 
be depressed. After re-assigning the logical designations, the computer is re­
started by depressing the Start button. If j is currently rewinding, operation 
is automatically resumed in no more than approximately three minutes if j is 
not rewound with interlock when rewinding is completed. If the stall is caused 
by referencing a uniservo rewound with interlock, this uniservo selection must 
be dropped from tape control to eliminate the stall condition and allow the . 
tape on the unit to be changed. This is accomplished by depressing. the Master 
Clear button, first nofinq the address in PAl( and the operation code in TCR. 
After eliminating the Rewind'Interlock condition, computation can be resumed' 
with the tape operation which caused the stall. This is accomplished by . 
start.ing with the instruction which specified the operation noted in TCR. The 
address of this instruction should- be the address of the first tape instruction" 
preceding the instruction whose address was noted in PAK. 

(2) Move Backward programmed for rewound tape (not with interlock). 

Indications: TCR contains the operation select bits for the' Move 
Backward operation. The next EF instruction is executed with lOB reflecting 
the contents of its v-address. Computer operation is delayed on the following 
External Function. External Write, or External Read instruction with one of 
these instructions in peR. The rewound condition of the tape can be noted by 
observat ion of the uniservo referenced. 

(3) Read Backward programmed for' rewound tape' (not with interlock). 

Indications: Computer operation is delayed on the first External 
Read attempted. PCR contains this instruction. TCR contai~s the Read Back-' 
ward operation codes. lOB is cleared. The rewound condition of the tape'can 
be noted by observation of the uniservo referenced. 

A Rewind programmed fora rewound tape, not with interlock, is 
allowable and needs no special treatment. 

(4) Read Backward n blocks when m «n) blocks are recorded. 

Indicat ions: An lOB lockout occurs dur Ing the execut ion of the, first 
ER for the block m+l. PCR contains this instruction. TCR contains the Read 
Backward operation code. lOB is cleared. Tape is rewound and stopped on the 
leader,. 

(5) Move Backward n blocks were m « n) blocks are recorded. 

Indications: TCR holds the Move Backward operation codes and BK bas 
a count &t-u-m. The next EF instl"4lCti.on is executed wit1l1OB reflecting the 
contents of its v-address. Computer operation is delayed on the next EF. EW. 
or Eft instruction with PCR reflecting one of these instructions. Tape is 
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rewound and stopped on the leadero (A Move Forward n >m blocks leaves the 
same conditions in the registers o but it also causes a Uniservo Interlock 
a--fault since tape movement is not stopped unt i 1 the far end of ihe iape is 
reached.) 

CO TAPE OPERATION FAULTS - The operation errors which may occur during tape 
operation are listed below and discussed in detail subseque~tly. 

Parity Check Error: effects a stop of tape movement; caused by a reading 
or recording error. 

Temperature Fault: effects a computer A-Fault; equipment fault. 

Uniservo Interlock: effects a computer B-Fault; operators error 
or equipment fault. 

No Information: effects a computer B-Fault; programming error. 

10 Read Fault: computer B-Fault; programming error. 

Selection Error: effects computer B-Fault; operators error. 

Sprocket Error: effects computer B-Fault; recording error. 

The detection of a parity check error does not effect a computer fault but 
does effect a stop of tape movement. At the completion of reading every block, 
a check is made to determine if a parity error occuired in reading any of the 
720 lines in the block. If one or more errors occurred, a ttl" is set into 
stage 0 of lOA and a tape stop is initiated. If no error was detected, only 
the lOA Read Acknowledge signal is sent to lOA. Thus. lOA must be "read" and 
its content tested after reading every block. Computation continues depending 
upon the result of the test. If a parity check error is indicated, the block 
can be re-read in the opposite direction, and read and re-read at the different 
bias levels. If none of these passes effect a correct reading, a computer stop 
can be programmed to indicate the unsuccessful attempt to read the block 
correctly. 

( I) UNISERVO TEMPERATURE FAULT. 

Indications: Illumination of the Temp A Fault indicator on the computer 
control panel. Illumination of the Temp Fault indicator on a uniservo. 

Diagnosis: The temperature fault results from a temperature rise above 
120 F in any uniservo. The occurrence of a Temp Fault during tape operation 
does not interfere with the tape operation unless reading or wrIting is occurring 
at the time of the computer stop. If this is the case, a computer B Fault is 
also incurred. This is evidenced by the illumination of the MT fault indicator 
on the computer control panel and the No Information fault indicator in the Tape 
Control Cabinet, or the illumination of the 10 B Fault indicator on the com­
puter cont~!=~~ pane 1. 
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Resumptiori of Operation: If a 8 Fault has not occurred, turrting ·the 
Bypass Temperature Interlock key to its Abnormal position after the c'omputer 
stop has occurred allows resumption of the program in t.·ke Test mode aft-er tile. 
Clear A Fault button is depressed. However, this procedure should be undertaken 
with caution. To resume computation in the Normal. mode-~, the T€mp fau-lt. must be 
corrected. The correct ion of the fault ext inguishes. the Temp Fau'lt indicator 
on the unisen/~. Operation is then resumed by depressing. the Clear A Faull. 
button which extinguishes the Temp Fault indicator on the computer controlpanel~ 

If a B Fault condition exists, the A Fault is cleared by one of the pro­
cedures abovei clearing the B Fault condition requires the'd-epression of~t1te 
Master Clear button. Operation is resumed according to- the type o.f ];C.a.d .~. 
write fault incurred. These faults are discussed subsequently. 

(2) UNISERVO INTERLOCK FAULT 

Indications: Illumination of MT fault indicator and B Fault indicator 
in 8 Fault group, computer control panel. Illumination of Uniservo Interlock ' 
fault indicator in tape control cabinet. The "Ready" light on .the uniservo 
in use at the time is extinguished. 

Diagnosis: This fault is caused when a uniservo interlock circuit is 
de-energfz~d and this particular uniservo is referenced for tape operation. 
The conditions which cause the uniservo interlock circuit to be de-energized 
and the correction of these conditions are discussed in the Operation section 
in the paragraphs describing the "Ready" indicator on uniservo and the uniservo 
interlock circuit. If the not ready condition is detected by the attempt to 
initiate a tape operati.on, tape movement is not started. The execution of 
computer instruct ions may cont inue until the time of the computer fault st.op •. 
During this time, if External Write instructions are 'executed, "writing" is 
performed on the stationary tape; if External Read instructions are programmed 
to be executed, an lOB lockout condition is established. 

If the uniservo interlock circuit is de-e'nergized after a tape operation 
and tape movement have been init iated, the exe'cut ion of instruct ions cont inues 
until the time of the computer fault stop. Tape movement is stopped by virtue 
of the drop of power on the circuit • 

. ', Resumptfon of Operation: Depressing the computer Master Clear button 
extinguishes the fault indicators and allows the resumption of operation. Cor­
rection of the fault condition is not necessary to resume operation, but if 
the same uniservo is referenced again, the fault will re-occur. 

(3) NO INFORMATION FAULT: Caused at the initiation of writing a word 
trom TR on tape by the failure to have transferred a word from the computer to 
TR. 

Indications: On the computer control panel MT B fault indicator is 
illuminated. In the tape control cabinet. No Information fault indieator is 
illuminated. TCR is cleared by the fault stop but may be filled by the exe­
cution of another EF tape instructron before the computer is stopped. Tape 
movement is stopped at the end of the block being written when the error occurs. 
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Computer is stor:pcu 3pproxililJt()ly UO ms after the completion of writing the 
block in which the fault was detected. 

Diagnosis: This fault is caused by the failure to provide 120 Exter­
nai Writes to write a block or by the failure to execute in tlme a External 
Write~ When this fault is detected by tape control, the stop code bits are 
set in TCR and a B fault is initiated. 

If the fault is caused by programming too few External Write; instructions, 
the bits of the missing words are written as zeros. 

If the No Information fault is caused by the failure to execute an External 
.Vrite in time. the data bits of the lines written on tape at that. particular 
time will be zeros until the EW is executed; then, the transmission lOB to TR 
occurs and the remainder of the lines written are taken. from the current content 
of IR. 

If the block being written when the fault is incurred is not the last block 
programmed to be written, the attempt to execut,e the next group of External 
Writes will cause an lOB lockout condition. If this block ,was the last block 
to be written in this particular writing operation, the exec~tioll of computer 
instructions, including any External Function instruction, may continue until 
the time of .the computer fault stop. 

Resumption of Operation: All fault indicators are extinguished by 
depress ing the Master Clear but ton. After remaking se lect ions. operat,ion can 
be resumed by depressing ~he Start button. 

(4) 10 READ (lOB I) FAULT, i.e., Failure to execute a sufficient number 
of External Reads: where 120 n-j (j=l ••• ) • ER's programmed and an EF stop 
prOgrammed to terminate presumably the reading of the nth block; failure to 
execute an External Read in time. 

Indications: Illumination of the 10 B fault indicator and the lOB I 
fault indicator. Tape movement is stopped at the end of the block being read 
when the error occurred. TCR is cleared by the fault stop but may be filled 
by the execution of another EF tape instruction before the computer is stopped. 
The computer is stopped approximately 80 IDS after the fault is detected. 

Diagnosis: Each word rece'ived by lOB from the Tape Register should 
be removed from lOB by an External Read instruction before the next transmission 
from TR occurs. If a second transmission occurs before lOB is cleared by an 
ER.an lOB I computer B fault is incurred. In a tape reading operation this 
fault is caused by the failure to execute the sufficient number of ER's, or it 
could occur when an ER is programmed to be executed too late. 

If two or more External Reads are not programmed for reading a single block 
or reading the last of a series of blocks, the tape is stopped at the end of 
this block but computer instructions continue to be executed. The execution 
of an External Function instruction during this time will transmit tape oper­
ation codesr~~ lOB which has not been cleared. Thus, lOB will contain the 
logical sum ot Its previous contents and the tape operation code, and these 
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bits are transmitted to TeR. No prediction can be made as to whether or not 
a tape operation will be initiated since both the operation code and the unl­
servo selection may have been changed. 

If two or more External Reads are not programmed fQr reading any but the 
last of a series of blocks i tape movement is stopped at the end of the block 
and the execution of the second ER for the next block sets up an lOB lockout 
condition which stops the execution of further ,instructions until the time of 
the computer stop. (The execution of the first ER for the next block transmits 
to storage from lOB the logical sum of the last two words of the last block.) 

The lack (in the program) of one External Read in reading a single block 
or the last of a series of blocks does not cause directly a computer iauIt, 
but since rOB is not cleared before another EF instruction is executed at any 
future time, the bits transferred from lOB to TCR at that time may not specify 
the desired tape operation. Again, a tape operation may or may not be initiated. 
If an EF Stop Read instruction is executed, the logical ~um of lOB and the 
specification of the read operation (currently in TCR),i$ formed in TCR. If 
the uniservo selection is changed, tape movement on this uniservo is not stopped 
and tape movement on another uniservo may be started. 

The lack (in the program) of an External Read in reading any particular 
block but the last could cause an lOB I fault at the beginning of the next block 
or could be interpreted as a missing ER for the last block of the series. 

\ 

If an External Read is not executed in time during the' reading of any block, 
tape movement is stopped at the end of this block and an lOB lockout condition 
is caused by the execution of the "extra" ER at the end of this block. This 
stops the execution of any further computer il1structions until the computer I 

fault stop. 

Resumption of Operation: All fault indicators are extinguished by 
depressing the Master Clear button. Operation is resumed after remaking basic 
selections by depressing the Start button. 

(5) SELECTION ERROR FAULT. 

Indications: Illumination of theMT 'and B fault indicators on the 
computer control panel and ,the Selection Error indicator in the tape control 
cabinet. 

Diagnosis; This fault is caused by setting two of the Logical Number 
Selection switches to the same number at anytime the computer is in actual 
operation. Any changes in logical designations should be made during a com­
puter stop .. 

Resumption of Operation: Operation cannot be resumed until the logi­
cal designations are corrected. When this is done, the Selection Error indi­
cator is extinguished. Depressing the Master Clear button extinguishes the 
a fault indicator and allows resumption of operation. 

(6) SPROCKET ERROR FAULT: In reading. >720 or < 720 line count; in moving. 
> 720 I ine count. 
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Indications: MT B fault indicator illuminated. Sprocket Error indi­
cator in tape control cabinet illumin~ted& 

Tape movement is stopped at the end of the block recorded with the improper 
Dumber of lines. A computer fault stop occurs approximately 80ms after the 
detection of the fault. 

Diagnosis: A sprocket error results from (1) the detection of a block. 
spacing before a count of 720 lines has been accumulated in ,reading or moviJi9, 
and (2) the reception of a sprocket signal from the tape after a 720 line count 
bas been accumulated in reading or moving and before the block spacing is de­
tected. The detection of a < 720 line count during moving is ignored: th~s 
condition propagates a "false" 720 llne count to the tape control system. 

During a reading operation, a <720 line count means that an "extra" 
External Read is executed at the end of the block. The execution of this E;R 
establishes an lOB lockout condition which prevents the execution of further , 
instru~tions until the computer is stopped. This lockout condition is indicated 
by an ER instruction in PCR. 

During a reading operation, if a >720 line count occurs in a block which 
is not the last of a group of blocks being read, the execution of an External 
Read after tape movement is stopped establishes an lOB lockout condition and 
prevents the execut ion of furt'her instruct ions unt il the computer stop. If a 
>720 line count occurs in the last blocI, being read, another External Function 
instruction may be executed before the computer stop occurs, and another tape 
movement could be initiated. An additional word is sent to lOB for each extra 
six lines recorded on tape, if such should be the case. Then, since lOB is not 
cleared before the computer fault stop, if an EF instruction is executed, the 
logical sum of lOB and the tape operation specification is sent to TCR. 

When.a >720 line count is detected during moving, computer instructions may 
continue to be executed until the time of the computer stop. 

Resumption of Operation: Depression of the Master Clear button ex­
tinguishes all fault indicators. Operation may·be resumed after remaking basic 
selections by depressing the Start button. 

d. -OTHER PROGRAMMING ERRORS - Listed subsequently are programming errors which 
may lead indirect ly to the fault condit ions discussed prey fous 11: 

(1) Read Forward m blocks when only n « m) blocks are recorded on the 
tape: (If there are m blocks recorded and 120 n+j (j=l ••• 119). External Read 
instructions programmed before an EF Stop instruction, the fault is diagnosed 
as a "Failure to execute a sufficient number of ER's".) 

Indications: External Read in PCR. lOB lockout condition shown by 
illumination of Wait External Indicator. Uniservo Interlock fault indicator 
illuminated. 

Diagnosis: If more than 1200 External Reads are programmed for 
reading n recorded blocks, the attempt to execute the first additional Eft is 
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made after the last recorded block has been read. This ER establishes an lOB 
lockout condition which prevents further computer instructions from being 
executed. If m Read (one block) and Stop operations are speciiied, iape move­
ment is not stopped at the end of the block n+l; if the read operation was to 
be terminated by the exccut ion of an EF Stop instruct ion,. tape movement is not 
stopped until the tape reaches its far end, resulting in a Uniserv·o Interlock 
fault. 

Resumption of Operation: Depression of the Master Clear button clears 
both the lockout and fault conditions. Operation may be resumed after remaking 
basic selections by depressing the Start button. 

(2) "Too Many" External Writes Programmed: 

Indications: lOB lockout condition with an External Write in PCR; 
or No Information fault. Tape movement is stopped in both·cases. 

Oiagnosis: If more than 120 External Write instructions are pro­
grammed for a Write (one block) and Stop operation, tape movement is stopped 
at the end of the block, but the 1215t' E\~ executed init lates an lOB lockout 
condition which is established when the next EW or EF instruction is attempted. 

,If more than 120n External Writes are programmed for a Write n ~locks 
operation, the first extra EW is executed at the end of writing the nth blOck. 
After the block spacing has passed, this word is written on tape (in the "n+l" 
block) since tape movement was not stopped by an·'EF stop instruction •. Writing 
continues with the execution 'of the extra ElVis uatil an EF stop instruction is 
executed. Then, because the transmission of operation codes from lOB to TCR 
is not possible except between blocks, tape movement continues to the end of 
the n+1 block and the "too many EW's"· is interpreted as "too few EW' s". This 
results in a No Information Fault, a tape stop at the end of the n+1 block, 
and a computer B (ault stop. The execution of computer instructions may con­
tinue until the time of the computer stop, and other tape operations might be 
undertaken. . 

Resumption of Operation: If a No Information fault has occurred, 
operation is resumed by following the procedure given in the No Information 
fault discussion.. Depression of the Master Clear button clears the fault and 
lockout conditions 

(3) Failure to. execute an EF Stop instruction to terminate reading or 
writing; 

Indications: 10 or MT B fault indicator illuminated. Possible 
illumination of Uniservo Interlock indicator and the No Information fault 
indicator in the tape control cabinet. 

Diagnosis: If the last block read is not the last block recorded on 
the tape, an lOB I fault occurs because of the lack of External Reads to read 
the info~~~"~io.n lOB is receiving from the tape. The results of this fault are 
those discussed in the paragraplis~"(rescribingthe re':ults of programming an 
insufficient number of External Reads. If the last block read is the last 
block recoIded on the tape, the tape movement is not stopped until the end of 
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the tape is reached at which time a Uniservo Interlock fault is incurred 
initiating a B fault computer stop. Until the time of the actual computer 
stop, the execution of instructions may continue with the possibility of 
initiating other tape operations. Since TCR is 09t cleared, the specification 
of an operation by an,EF instruction is added logically to the read operation 
codes still in TeR. This may change both the uniservo selection and the oper­
ation code specified by the EF, and it is impossible to predict whether a tape 
operation will be initiated. 

If a writing operation is not terminated, again, until the time of the 
actual computer stop, instructions continue to be executed, TCR is not cleared, 
and the execution of an External Function instruction will result in a logical 
sum in TCR. If an EF instruction is not executed during the time normally 
allowed for a block spacing to be passing the read/write head, a No Information 
fault occurs at the beginning of the "next" block. This will cause a tape 
stop and a computer B fault. If an EF is executed, the continuance of the 
execution of computer instructions depends upon the operation code and uni­
servo selection introduced into TCR. 

Resumption of Operation: All fault indicators are cleared by the 
depresSion ot the Master Clear button. Computer operation may be resumed after 
remaking basic selections by depressing the Start button. 

(4) Programming a Change Bias and any other tape operation in the same 
External Function instruction: 

Indications: No tape movement, possible illumination of Read Bias 
indicators on computer control panel. Possible lOB lockout condition with an 
External Read or External Write in PCR. 

Diagnosis: The presence of Bias code select bits makes a uniservo 
selection impossible. Probably the bits intended to specify a uniservo 
were erroneously altered to become a bias change configuration. Any tape 
operation specified with a Change Bias operation is stalled, because of the 
absence of a uniservo selection, while the bias change is carried out. After 
the bias change is completed, TCR is cleared and an lOB Resume signal is sent 
to the computer. No tape movement is initiated. After the lOB Resume, 
another EF instruction or an EW instruction may be executed. The execution 
of an External Read or a second External Write causes an lOB lockout con­
dition. If a block count was not specified with a Change BiaS/Move combina­
tion, no bias change is effected since TCR is cleared immediately. The 
execution of the next EF instruction establishes an lOB lockout condition. 
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