






PREFACE 

This manual contains inrormation on the principles or operation, in­

stallotion, operation, programming, and maintenance of the Digital 

Equipment Corporation Type 24 Serial Drum. The Serial Drum is de­

signed for use as a data storage device to augment the main memory 

of a computing system. Section 1 of this manual presents informa­

tion of a general nature which is applicable to the entire machine. 

Section 2 explains the principles of operation of the Serial Drum as 

a system and of each functional element of the system. Sections 3 

through 6 present information and procedures which allow personnel 

to install, operate, program, and maintain the equipmenL Reference 

material ,pertaining to the engineering drawings of the machine is 

contained in Section 70 
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SECTION L 

INTRODUCTiON 

The Digital Equipment Corporation (DEC) Type 24 Serial Drum system serves as an auxiliary 

data storage devi ce for either of the Programmed Data Processors PD p~; or PD P-4 0 Information 

in the computer can be stored (written) in the Sedal Drum and re!rieved (read) in the blocks or 

256 computer words 0 After programmed Hnitia~izcrrBonu 256~word blocks of data are transferred 

between the computer and the Serial Dr\Jm o~tomaHcal!y; transfer of each word being inter­

leaved with the running computer program 0 Serio' Drums are equipped to store either 64, 128 u 

or 256 data blocks! providing a memorry capabnHy of ]6384 u 32768 17 or 65536 computer words. 

Each word is transferred between the computer and the Serial Drum in parallel (18 bits at a 

time) and is written or read on the drum surface in series (one bit at a Hme) & 

Since application of the Serial Drum is more common ~n a PDP-4 computing system than in a 

PDP-l system, this manual and the engineering dnaw~ngs assume the machine is connected to 

a PD P-4. When the Sed es Drum is connected to another computer! a II references in th!s manua I 

to signal origins and destinations and to data Dnterrupt functions in the PDP-4 can be interpreted 

to refer to circuits performing similar functions 0 

FUNCTiONAL DESCRiPTiON 

The basic functions of the Type 24 SerDal Drum are data storage and retrieval 17 core memory 

address control fl track se!ection 17 data request and transfer control i error checking g and power 

supply and distribution. Functional operation of the machfine is initiated by receipt of lOT 

pulses from the computer. Two computer instructions produce an of the 101' pulses required to 

enact a 256-word transfer between the COMputer and the Serna I Drum 0 

A power supply and distribution network wHhin the Serial Drum produces and controls the 

operating voltages required by all cfircu~ts of the Machineo One source of external ac power 

is required to energize the machine; control of thHs source within the Machine can be exercised 

locally or remotely. 



In response to an lOT pulse the Serial Drum requests that the computer enter a data break to 

transfer a block of information. Eighteen-bit computer words are transferred to the Type 24 

one word at a time and are written around the drum one bit at a time when the lOT pulse in­

dicates a data in direction ~ Information bits are sensed on the drum one bit at a timet and 

transferred to the computer one word at a time when the lOT pulses indicate a data in direction 

ef transfer. During a write cycle a parity bit is generated for each word received from the 

cemputer; so. that 19-bit werds are written on the drum surface 0 In reading data from the drum 

the parity of the word is checked to assure proper transmission. Error circuits in the machine 

check for parity error during read cycles and check data transmission timing during both read 

and write eye les. If bits are picked up or dropped out, if data received from the computer is 

late during a write cycle, er if data is late in being stored in the core memory during a w.rite 

cycle, an error signal is sent to the computer. 

Befere transfers occur, the initial computer core memory address to send or receive data is set 

into' a register in the Serial Drum 0 This register is automatically incremented by one at the 

end ef each werd transfer. Transfers of each block of 256 words is performed at ene track, or 

address, in the drum. The track address is also transferred to the Serial Drum from the computer 

befere transfer ef the first word. At the completion of the transfer of the last werd in a bleck 

this register is automatically incremented by one to simplify the programming ef centinueus 

block transfers en censecutive tracks 0 

Centrel circuits within the Serial Drum request the computer break cycle fer each werd trans­

ferred, indicate the cempletien of a block transfer by means ef a flag t signal the detectien er 

an errer and the direction of the block transfer fJ in additien to' perferming the nermal internal 

centrel eperatiens. 

PHYSICAL DESCRIPTION 

The machine is censtructed ef a DEC computer cabinet 21 5/8 inches wide, 25 3/4 inches 

deep, and 67 7/16 inches high 0 All indicaters are lecated en a panel at the frent ef the ma­

chine. Maintenance centrels are lecated on the plenum deor inside the deuble rear deers. 

Pewer and signal cables enter the cabinet through a pert in the bettem. The pewer cable is 

permanently wired to' the equipment and the two. signal cables mate with cennecters which are 

mounted on the front of the cabinet, facing the center of the machine 0 Four casters allow 
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mobility of the machine which weighs 500 pounds with a 16384 or 32768-word memoryu and 

t:.t:.n __ •• _-'_ ••• :"L. .... .t..&:.&:.').t.._ ........ ~-' ___ ......... 
~~v fJVUi lu~ vv I iii U V..J..JvV-VVVI U i!lel/IV! y 0 

The cabinet is constructed of a welded steel frame covered with sheet steel. Double front and 

rear doors are held closed by magnetic latcheso A full-width plenum door provides mounting 

for the power control, power supply u and switch pane! inside the double rear doors 0 The ple­

num door is latched by a spring-loaded pin at the top. The indicator panel u racks of logic; 

and cable connector panel is attached to the front of a cabinet 0 Module racks are mounted 

on the front of the cabinet with the wiring side outwards/1 so that modules are accessible by 

opening the plenum door 0 A fan mounted at the bottom of the cabinet draws cooling air through 

a dust fi Iter in the bottom.v passes it over the electronnc components, and exhausts it through 

openings in the cabinet 0 The memory drum housing is permanently mounted on braces above 

th e fan assemb I y . 

A coordinant system is used to locate racks u modu les and cable connectorsg and terminals!, 

Each 5 1/4 inch position on the front of the cabinet is assigned a capital letter, beginning 

with A at the top, as indicated on Figure 1-2. Modules are numbered from 1 through 25 from 

left to right in a rack, as viewed from the wiring side. Connectors are numbered from 1 through 

6, from left to right as viewed from the front of the machine. Blank module and connector 

locations are numbered. Terminals on a module connector are designated by capital letters 

from top to bottom. Therefore, D09E is in the fourth location from the top(D)u the ninth mod­

ule from the left (09), and the fifth (E) terminal from the top of the module. Components 

mounted on the plenum do 0 ra r e. n.o t identHied by location 0 Engineering drawing E-10208 

shows the system for locating terminal blocks and standoffs mounted on the logic racks 0 The 

location of printed-wiring boards in the memory drum housing is indicated on engineering 

drawing 0-24619. 
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INDICATOR PANEL 
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FRONT VIEW BACK VIEW 

Figure 1-2 Component Locations 
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Dimensions: 

Service Clearances: 

Weight: 

Power Required: 

Power D issi pat ion: 

Power Control Point: 

Initial Starting Delay: 

Signal Cables: 

Temperature: 

Drum Motor: 

Magnetic Head Interference: 

Write Current: 

Pulse Repetition Rate: 

Word Transfer Time: 

Block Transfer Cycle: 
(l drum revolution) 

SPECIFICATIONS 

23 1/2 inches wide g 27 1/16 inches 
deep, 69 1/8 inches high 

8 3/4 inches in front 
14 7/8 inches in back 

500 pounds for 16 8 384- and 32,768-
word memory 
550 pounds for 65, 536-word memory 

115 volts/ 60 cyc les, single phase, 
8-ampere starting current, 5-amperes 
runn ing current 

450 watts 

Loco I or remote (computer) 

10 minutes 

Two, 50 wire, shielded 

32 to 105 degrees F operating range 
4 degrees F/minute maximum rate of 
change 
20 degrees F maximum allowable instan­
taneous change 

115 volts, single phase, 2 pole, induction, 
capac itor start and run 

Maximum interchannel read cross talk at 
least 25 db below nominal signal leveL 
Maximum noise in any channel at least 
25 db below nominal signal level. 

80 mill iamperes 

305 microseconds 

6605 microseconds 

17.3 millisecond 

ABBREVIATIONS 

The following abbreviations are used throughout this manual and on engineering drawings. 

AC 

ACB 

Accumu lator in computer 

Buffered outputs of Accumulator in computer 
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ACT 

AMP 

AMPH 

ANS 

B 

CaMP 

COND--

DCl 

OCT 

DOC 

DE 

OF and DFB 

DIC 

DNG 

- OS 

DSB 

DT and DTR 

DTD 

EXT 

F 

lOS 

lOT 

MA and MAR 

MB 

PA 

PAR 

PC 

ABREVIAT IONS (continued) 

Active 

Amplifier 

Amphenol connector 

Answered 

Break (computer state) 

Complement 

Conditioned or enabled 

Drum Core Location Counter in Serial 
Drum 

Drum Control element in Serial Drum 

Drum Data Channel in Serial Drum 

Data error 

Drum Final Buffer in Serial Drum 

Data Interrupt Control in computer 

Data No Good flip-flop 

Device Selector in computer 

Drum Serial Buffer in Serial Drum 

Drum Track Address Register in Serial 
Drum 

Drum Track Address Decoder in Serio I 
Drum 

External 

As a subscript means final or last bit of 
information; the bit after the least signi­
ficant data word bit ~ 

Wnpuf. Oui-pu" Sk:n :,...,..-:1 :"Y : ... "'omn,·tet" II a I C It' I "--t"",, II I a '1. '" I...,"" • 

Input Output Transfer 

Memory Address Register in computer 

Memory Buffer Register in computer 

Pu Ise ampl ifier 

Parity 

Power Control (Type 813) 
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PE 

PG 

PIC 

R 

RD/WR 

RQ 

R/wp 
S 

SA 

TRA 

WD 

XA 

XB 

YA 

YB 

ABREVIATIONS (continued) 

Parity error 

Pulse generator 

Program Interrupt Control in computer 

Read 

Read/Write flip-flop 

Request flip-flop 

Read/Write Parity element in Serial Drum 

As a subscript means the first or initial 
bit of information; the bit preceding the 
most significant data word bit. 

Sense amplifier 

Transfer 

Write Data flip-flop 

Most significant octal digit of X address 

Least significant octal digit of X address 

Most significant octal digit of Yaddress 

Least significant octal digit of Yaddress 
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SECTION 2 

PRINCIPLES OF OPERATION 

RECORDING AND PLAYBACK TECHNIQUE 

The Type 24 Serial Drum utilizes Manchester non-return-to-zero (NRZ) or phase modulation 

recording to enhance the operating margins at the high densities used. This recording tech­

nique produces playback head voltages which are either fully positive or fully negative at 

read strobe time. Therefore the effective playback signal is twice the ampl itude of that pro­

duced by other recording methods in which the sense ampl ifier must discriminate between the 

presence or absence of uni-directional flux. Data and signal patterns produced in recording 

and playback of information in the Serial Drum are indicated in Figure 2-1. 

BLOCK DIAGRAM DISCUSSION 

Major functional elements of the Serial Drum are shown in Figure 2-2. Complete information 

transfer flow and timing of operations in the Serial Drum are indicated in engineering drawings 

0-24611 and C-24612. 

Drum Core location Counter (DCl) 

The DeL is shown on engineering drawing D-24604 to be a 16-bit flip-flop register which con­

tains the computer core memory address to or from which the next word is to be transferred. 

Before tr<;msfer of the initial word in a block, the address of the first word is set i"nto the DCl 

from the computer accumulator. As each word is transferred the DCl is automatically incre­

mented by one. 

Drum Track Address Register (DTR) 

The DTR is an 8-bit fl ip-flop register which contains the address of the drum track selected for 

transfer o~ a data block. The drum track (which may be considered as the data block address 

in the drum or as the address of the selected drum head) is set into the Serial Drum, during 

program initialization! from the accumulator of the computer. At the completion of a success­

ful block transfer (if the DE
O' PEa flag is a 0) the DTR is incremented by one to simplify 
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FROM ACB~ THROUGH ACB I~ __ 
ACCUMUlATOrn~------~--------~~---<~~ 

DRUM CORE 
lOCATION COUNTER 

(DCl) 

DCL~ THROUGH DCL 117 ~ TO MEMORY 
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I I 
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r-----------"'------'-'------.~ BUFFER REGISTER 

FROM DATA 
INTERRUPT 

CONTROL 

l MBI~ () 
--...... ~ .. TODDC 

TO DCl. 
DATA REQUEST DFB. 
ANSWERED. DOC 

DRUM FINAL 
BUFFER 

"" (DFB) 

DFB6 ~ DSB6 

THROUGH THROUGH 

DFBI~O DSBI~ 
~~~----------~DSBb 

~--------------~ DRUM SERIAL 
BUFFER 

!""";G 
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(8) .... 
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Figure 2-2 Type "24 Serial Drum Block Diagram 
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, , 

programming of C(IlI'i-inuous transfers at successive drum tracks, Engineering drawing 0-24607 

shows the OT R. 

Half of the drum track selection is performed by decoding of the OTR flip-flop outputs in the 

DTD. As shown on engineering drawing 0-24607 Q the DTD consists of two groups of eight 2-

input diode gates, one group for the X address and one for the Y address 0 The eight X address 

outputs function as a two-digit octal address which is further decoded in the Drum X Select 

logic 0 The eight Y address outputs serve a sim ilar function 0 

Drum Head Selection 

Final selection of a drum head is performed in the Drum X and Y Select circuits shown on en­

gineering drawing E-24608 and in the diode matrix within the drum housing. The 16 FIELD 

LOCKOUT switches each inhibit a Type 4521 Drum X Select Module when closed and so pre­

vent accidental writing in 16 addresses 0 

Drum Sense Ampl ifiers 

Two Type 1537 Drum Sense Amplifier modules convert information sensed by the magnetic heads 

of the drum into digital pulse data. Information recorded on a clock track is sensed by the 

clock head and supplied to the sense amplifier shown on drawing D-24603 as the Clock Track 

Amplifier. The output from this sense amplifier is applied to the Drum Control (DCT) to estab­

lesh the basic clock rate of all drum operations. The sense amplifier shown on drawing 0-24602 

as the Reader samples the signals picked up by the selected data head and produces a puLse to 

set a 1 into the Drum Serial Buffer (DSB) when the read strobe signal occurs during the maximum 

negative excursion of the head signal. 

Drum Control (OCT) 

The basic timing pulses for the machine are generated in the OCT from pulses received from 

the Clock Track Amplifier 0 The DCT also contains a 4-state device consisting of four negative 

diode gateso Each state of this device corresponds with and initiates one of the four machine 

control states: idleu transfer, activeu or transfer done 0 This logic is shown on engineering 

drawing 0-24603. 
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Drum Data Control (ODC) 

Engineering drawing D-24605 shows the DDC 0 Circuits within the DDC control the transfer of 

each word between the computer and the Drum Serial Buffer 0 The DDC establishes the read/ 

write status of the machine q makes the data break request for a computer break cycle q indicates 

the detection of an errorq and designates the direction of the ensuing data transfero 

Drum Final Buffer (D.FB) 

The DFB is an l8-bit register which serves as a buffer between the computer Memory Buffer 

Register and the Drum Serial Buffer 0 Words are transferred in parallel (18 bits at a time) under 

control of the computer Data Interrupt Control 0 During the drum writ'lng u DFB holds the next 

word. During drum reading, DFB is empty and is prepared to accept information read from the 

DSB and place it into core memory under control of the Data Interrupt Control 0 The logic cir­

cuits which compose the DFB are shown on engineering drawong D-24606 0 

Drum Serial Buffer (DSB) 

As shown on the top and left side of engineering drawing D-24602, the DSB is an l8-bit shift 

register which is a serial-to-parallel-converter during drum reading/1 and a para!!el-to-serial­

converter during drum writing 0 Information is read from the drum into DSB serially and trans­

ferred to DFB in parallel. During drum writing q a word is read from DFB into DSB and written 

serially around the drum. 

Read/Write Parity (R/WP) 

As each bit of a word is written on the surface of the drum i the R Parity fiip~flop counts the 

number of binary 1s and produces a 19 bit to provide an odd parityo When data is read from 

the drum this flip-flop counts the 1s again and sets the Parity Error flip-flop if an even number 

is detected in anyone word 0 The condition of the Parity Error fi ip-f!op is ind. cated in the 

DCT as one of the two possible causes of an error condition. These circuits are shown in area 

C4 and C5 of engineering drawing D-24602. 

Write Data and Writer 

Druing a write cycle data is presented on the read/write busses for recording on a selected 

drum track by the Type 4518 Drum NRZ Writer module 0 The data is written as a function of t,he 



DATA 
TRACK 

o 

3.5 X 19 
~66)Jsec 

16,384 
WORDS 

32,168 
WORDS 

Figure 2-3 Drum Surface Information 

65,536 
WORDS 

contents of the most significant bit of the OSB. This logic is shown in the lower right corner 

of engineering drawing 0-24602. 
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CLOCK 
HEAD 
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DATA 
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r 
PUSHER AND PUllER 
(lATERAL POSITION) 
ADJUSTMENTS 

. . ..... 

I~ 

Figure 2-4 Drum Head Configuration 

Drum Memory 

DIFFER TlAl 
(HEAD-DRUM PROX­
IMITY) ADJUSTED 

The rotating drum assembly is designed with minimum cross-section for proper heat transfer and 

dissipation. It is mounted on separable inner-ring angular-contact bearings which are pre­

lubricated for life. Preloading is accomplished b~1 springs at the top end of the unit. 

The magnetic coating on the surface of the drurY, ~s ' GRIMACOII # 6037-X high density dis-

---=-- L. ... _~ __ ....... ,J ....... ,J 1 ....... "'9'" f-", if-c tin,,1 tinich 
tJ~::a;:)lUII, IICUI-"'UICU ...... "'" ..... t"t" ................ _ .......... . Dynamic rlJnOlJt is less than 0.0001 inch 

total indicator reading. 
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The motor which turns the drum is of special design to provide the fastest starting time com~ 

patible with minimum power input and losses at synchronous speed e The fan for this single-phase" 

two-pale, induction i capacitor-start and run motor is fastened to the bottom of the spindle. 

Ambient air is drawn through a shroud and over the finned motor housing 0 This air current takes 

away heat from the motor preventing local ized temperature rise. 

Four panels allow ready access to the drum without disassembly of signai or power connectors. 

Thus, adjustments of spacing or clock bit al ignment can be made under operating conditions 0 

The drum housing is designed so that the fan action of the drum circulates air around the drum 

and head mounts so that the temperature dHferentiai is kept to a minimum within the housing 0 

This internal circulation, together with the external discharge from the motor fang also tends 

to maintain a minimum differentia~ from inside to outside so that repeated stops and starts can 

be made without endangering head contact 0 Actual I imits of ambient temperatures should be 

maintained to 55° Fahrenheit and 115° Fahrenheit with a rate of change not to exceed 15° 

Fahrenheit per hour. 

The location of tracks and words on the drum are indicated schematically in Figure 2-3 and the 

relative position of head mounts and the major components of the mounts are shown in Figure 

2-4. 

Power Suppiy and Distribution 

The Serial Drum operates fron a single source of 1 15-voit , 60-cycle, single-phase power 0 

Control and overload protection of this power w!thin the machine is exercised by a Type 813 

Power Control. Operation of the power control can be controlled by the MAINT ON/OFF 

switch on the switch panel or by means of a contact closure provided by the computer. The 

ac output of the power control operates the drum motor, fan motor, and the Type 728 Power 

Supply. The -15 volt output of this supply which operates the indicator panei is controlled by 

a 10 minute time delay relay in the power control 0 Therefore the indicators do not light until 

ten minutes after the drum motor has been energized i at which time the drum has reached 

synchronous speed and is ready to transfer data 0 

The Type 728 Power Supply produces the normal module operating voltages of +10 vdc and 

-15 vdc. These outputs are connected to each rack of logic through a color-coded connector 

---' a "oggle s'w:"ch a" "l...e .,: .... l..." s:-'e ,..,c e"'-l... "''''eIK as seen ,c"" ......... ~h8 ...... "'...1,.1 8 s;,..Ie I\A~"g;nal-UIIU I I !I I ! II! !I~I!I 1\,,1 VI \,,1,-, •• 1\,,1 (} I IbV,II'" .11"''''' .... ' , ... , • in .... " • 
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check terminals are provided on these connectors which are connected in common to all racks, 

so that an externa I power supply can be connected to any connector to rna rgina I check a II racks. 

The color coding of these connectors is as follows; from top to bottom: 

a. Green, + 10 vdc marginal-check supply 

b. Red, + 10 vdc internal supply 

c. Black, ground 

d. Blue, -15 vdc internal supply 

e. Yellow, -15 vdc marginal-check supply 

Three single-pole double-throw switches at the end of each rack of logic allow selection of 

either the normal internal power supply or the external marginal-check power supply for dis­

tribution to the logic. The top switch selects the +10 volt supply routed to terminal A of all 

modules in that rack. In the down position the fixed internal +10 volt supply connected to the 

red terminal is supplied to the modules, and in the up position the marginal-check voltage 

supplied to the green terminal is supplied to terminal A of the modules. The center switch 

performs the same selection as the top switch for connection of a nominal +10 volt level to 

terminal B of all modules. The bottom switch selects the -15 volt supply to be routed to ter­

minal C of all modules. In the down position the fixed";'15-volt output of the internal power 

supply, received at the blue terminal, is suppl ied to the modules whi Ie in the up position the 

marginal-check voltage l connected to the yellow terminal, is supplied to terminal C of all 

modules. 

WRITE CYCLE 

Two lOT commands write a block of 256-words on a drum track. lOT 706046 dears the Drum 

Core Location Counter and clears the Drum Final Buffer. It then loads the Drum Core Location 

Counter with the contents of AC
2

_
17

, the computer Information Distributor. This information 

'~ indicates the core memory address of the first word to be transferred. The Read-Write flip-flop 

is set to write an,d a level (data request) is sent to the computer. When the break cycle is exe­

cuted in the computer, the Memory Address Register is set to the core memory location speci­

fied by the Drum Core Location Counter, the Drum Core Location Counter is incremented by one, 

and information is read -.from core memory to the Memory Buffer Register. At the end of the 

break cycle a Data Request Answered pu Ise is sent to the drum and the word in the /v\emory 



Buffer Register is transferred to the Drum Final Buffer. When the request is made the Data No 

Good (DNG) flip-flop is set to a 1 and the Data Request Answered signal clears this flip-flop. 
"'~-

If another request is initiated before the DNG fiip~flop is cleared, signifying that incorrec!t 

information is in the Drum Fina I Buffer Ii' a Data Error (DE) resu Its. ~ 

The second lOT 706106 clears the Drum Track Address Register and the error flip-flops at time 

pulse 7, and then loads the track address into the DTR at time pulse 1 of the next cycle._ A ,", I' 
N. -. -------_ .~r, r,t, 

,~_~'."1puter break cycle is initiated to bring the first word to be written from the DFB to the DSB 

and loads DS~ unconditionally with a binary 1 and brings the second word to be written from 

core memory into the DFB ~ After a delay of 200 microseconds the transfer request (TRA) state 

is set. This delay allows the track selection capacitor-diode gates to set up. After a period 

-of O.to 17 milliseconds (up to one drum revolution time) the clock track initiates the first timing 
",- :,_, __ .. r - ~ .Z -(,. l_.~ 

pu Ise and the system timing passes to the drum, At the ¢B clock time the DSB is shifted, bring-

ing the next bit to be written into the DSB
O 

fl ip-flop and bringing a 0 into the DSB
S

. At this 

time the bit arriving in the DSB
O 

is jammed into the Write Data fl ip-flop. At the ¢ A time 

the Write Data flip-flop is complimented, creating the proper flux transition on the drum sur-
, ',.;, \)'.;() f['.} ," ~I • 

face. After 18 bits have been written all zeros wil(~xist in the DSB'and a 17-input AND 

gate wi II detect this condition and create an overflow. As each of the 18 bits is written the 

R Parity flip-flop is complimented for each 1 recorded. Since this flip-flop was originally 

set to 1, after the 18th bit is written it contains the proper odd parity bit 0 When the overflow 

occurs the state of this fl ip-flop is jammed into the Write Data fl ip-flop and is recorded as 

the odd parity bit. 

After the parity bit is recorded a data request is made to the computer 0 The present contents 

of the DFB are read into the DSB and the next word to be written is brought into the DFB via 

a request to the computer 0 After 256 words are written l a flag is sensed in the Program Inter­

rupt and the decision to continue writing the next block, or to initialize a new core memory 

location and track address, or to halt I is made by the program 0 A continue instruction writes 

the next block of 256 words 0 This instruction may be given any time during the 300 microsecond 

gap which exists in the timing track. A_t the completion of each block transfer the Drum, Track 

Address Register is incremented g addressing the next track. 



READ CYCLE 

Two lOT commands read a biock of 256 words. lOT 706006 dears the Drum Core Location 

Counter, clears the Drum Final Buffer and loads the Drum Core location Counter from the In­

formation Distributor (AC
2

_
17

) with the core memory address into which the first word wi II be 

read from the drum. The Read/Write flip-flop is set to the read status and produces the Data 

In signal which is suppl ied to the computer. This signal inhibits generation of the core read 

strobe pulse so that the Memory Buffer Register remains cleared and allows insertion of new 

data. lOT 706106 clears the Drum Track Adqress Register at T7 time and loads the new track 

address, from which information is to be read, at the next cycle. A binary 1 is unconditionally 

loaded into DSB
17 

and 200 microseconds later a transfer request state (TRA) is set. When the 

first timing mark on the drum occurs the transfer commences. Bit one is read into DSB
S

. For 

each 1 that is read the R Parity flip-flop, which was originally set to 1, is complimented. 

After reading nineteen bits and shifting the information through the DSB, DSB
17 

arrives at 

DSB
F 

and an overflow condition is created. This overflow initiates a Take Word signal which 

transfers the assembled word in the DSB into the DFB. It creates a data request condition in 

the computer so that the Memory Buffer Register takes the word in DFB and inserts it in core 

memory at the address specified by the DCl. This Take Word signal tests the state of the R 

Parity flip-flop. Since R Parity was originally set to 1 i and each 1 that was read into DSB 

compl iments R Parity f then at the end of 19 bits (18 bits plus the parity bit) the R Parity flip­

flop must contain a 0 if the parity was correct during writing and the correct number of 1s and 

Os were read. If R Parity is a 1 at Take Word time a parity error wi II resu It. The computer 

has 66 microseconds in which to take the word which exists in the DFB and insert it in core 

memory, 'so that the DFB may be cleared and ready to receive the next word from DSB. At the 

end of a 256-word transfer the drum transfer done flag is set to 1 and creates a program interrupt. 

The programmer now has the option of giving a continue instruction to bring the next successive 

block of 256 words into core memory, initial izing a new core memory location and track address, 

or terminating the transmission. 
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SECTION 3 

INTERFACE 

All logic signals which pass between the computer and the Serial Drum are standard DEC levels 

or standard DEC pulses. A standard DEC level is either ground potential (0.0 to -0.3 volts) or 

-3 volts (-3.0 to -4.0 volts). Standard DEC pulses are 2.5 volts in amplitude (2.3 to 3.0 volts) 

and are 0.4 microsecond in duration. Positive pulses are referenced to the standard negative 

level and negative pulses are referenced to ground potential. 

Throughout the manual standard DEC ground-potential signals are symbol ized by an open dia­

mond and standard DEC negative levels are indicated by a sol id diamond. Open and sol id ar­

row heads are used to symbolize standard DEC positive and negative pulses,:' respectively. 

In addition to the logic signal inputs a contact closure in the computer power control circuit 

provides the remote turn on signal to the power supply and distribution network in the Serial 

Drum. This signal is used to energize or de-energize the Serial Drum from the computer in 

normal operation. The effect of this signal can be disabled during maintenance ,operations to 

control power application and removal via a switch on the Serial Drum. 

Input signals to the Serial Drum are listed in Table 3-1 and output signals are listed in Table 

3-2. Numbers in the Serial Drum Drawing column of these tables indicate the engineering 

drawing number when prefixed by D-246. The letter and number following the colon indicates 

the horizontal and vertical coordinates on the engineering drawing where the signal can be 

found. Signal origins in Table 3-1 and signal destinations in Table 3-2 are given for inter­

face with a PDP-4 computer. When planning interface between the Serial Drum and another 

computer these tables can be used as a guide for connection to circuit elements performing 

similar functions. 

Note that input signal levels to the DCl, DFB, DTR, and DDC must be present for at least 3 

microseconds before receipt of the lOT pu Ise or T7B pu Ise wh ich strobes the data contents into 

the flip-flops. This delay is required to allow settling of the capacitor-diode gate at the in­

put of each fl ip-flop. 
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TABLE 3-1 INPUTS TO 24 FROM POP-4 
-

Signal Name Symbol 
From POP-4 To Seria I Drum 

Function 
logic Drawing logic Drawing -

1 1 .::: .. i 
AC (10) 0-4-00-01-04 07:C Provides track address to be strobed ACB

10 
thru ACB

17 ----<> I OTR 
I 0-40004-3 into OTR by lOT 6104 pu Ise. I 
I 0-4-00-01-03 

1 1 
---{(;> I ACB2 thru ACB 17 AC (10) 0-4-00-01-04 OCl O4:B Provides initial address of data tran 

.', I 
0-40004-3 fer into OCl e 

s-

.-
Begin 1> Keys o -4-00-C 1-01 DOC 05:B1 Produces IIOOC ClEAR" signal 0 

-
Data Request An- Ii> DIC 0-40004-1 DCl 04:C2 Produces "DCl + 1" signal which 

swered increments DClo 
(equals Data-B"T1) DOC 05:B2 Clears REQUEST (RQ) flip-flop. 
(Data Address => MA) DFB 06:01 Produces IIDF ClEARIl signal in 

Write mode. 
-

lOT 6002 --. OS 0-40004-4 DCl O4:Cl Produces "OCl ClEARIl signal. 
DOC 05:B1 Produces IIDOC CLEAR" signal. 
DFB 06:01 Produces IIOF ClEARIl signal. 

-
lOT 6004 --. OS 0-40004-4 DCl 04:B1 Strobes ACB

2
_

17 
information into 

DCl. 

DOC 05:B2 Strobes MB~2 into RD/WT I RQJ' an d 

DNG flip-flops. 
DSB 02:C1 Produces "TAKE WORD" signal if 

. , 
MB12 is a 1 . . 

-



W 
I 

W 

Signal Name 

()T 6102 

()T 6104 

()T 6204 

1 1 
"BO thru MB 17 

1 
"B 12 . 

R ,emote Turn On 

TABLE 3-1 INPUTS TO 24 FROM POP-4 (continued) 

Symbol 
From 'POP-4 To Seria I Drum 

Logic Drawing Logic Drawing 

... OS 0-40004-4 R/WP 02:C5 
OCT 03:81 
OTR 07:Cl 
DOC 05:83 

• OS 0-40004-4 OCT 02:C1 

OCT 02:03 

OCT 03~Cl 

OTR 07~C2 

..- OS 0-40004-4 R/WP 02:C5 
DOC 05:B3 

OCT 03:B2 

--0 MB 0-4-00-01-06 OFB O6:C 

----<> MB 0-4-00-01-06 DOC 05:B2 

Contact Power PSO None 
Closure Control 

Function 

OR to clear PAR ERROR flip-fl Ope 
OR to set IDLE to 1. 
Produces "OT CLEAR" signal. 
OR to clear OAT A ERROR (DE) i· "lip-
flop . 

Produces "TAKE WORD" signa I in 
Write mode. 
Produces "OSB INITIAL CON[ )1-
TION" signal in Read moden 
Sets TRANSFER REQUEST (TRA ) to 
a 1 after 200 nsec delay 0 

Strobes ACB
10

_
17 

information 
OTR. 

into 

OR to clear PAR ERROR flip-flo p. 
ip-OR to clear DATA ERROR (DE) fl 

flop. 
OR to set TRA to a 1. 

Provides data read from core mel 
to be written on the drum. 

Controls setting of RO/WR 1, R( 
ONGflip-flops by lOT 6004 pi 

mory 

~, and 
ulse. 

Energizes drum from computer S TART 
key. 



TABLE 3-1 INPUTS TO 24 FROM PDP-4 (continued) 
-

Signal Name S ymbol 
From PDP-4 To Serial Drum 

Function 

====1=== 
logic Drawing logic Drawing 

T7B .. Timing 0-4-00-01-01 DOC 05:03 Produces a "T7C" pu Ise after 1 nsec 
which clears the DFB in the Read 
mode, increments the DFB in the Writ e 
mode, and clears the DATA NO 
GOOD (DNG) flip-flop in the DOC" 

TABLE 3-2 OUTPUTS FROM 24 TO PDP-4 
.- -, 

Signal Name Symbol 
From Serial Drum To PDP-4 

Function I 

.- logic Drawing logic Drawing I 
Data In • DOC 05:C2 DIC 0-40004-1 Indicates the direction of data tran s-

fers. Data passes into the computer 
from the drum when this signal is at - 3 
volts. 

- -
Da ta Requ es t .. DOC 05:C2 DIC 0-40004-1 Indicates the Serial Drum is ready fo r 

data transfer . 
. -

1 1 
DCl 04:8 MAR(DIC~ 0-4-00-01-05 Holds the core memory address for DCl2 through DCl 17 • the next word to be transferred 0 

" .- ----.. - r 
DEO . PEO • OCT 03:03 lOS 0-40004-1 i Indicates that no data errors and no 

parity errors have occurred when at 
~. 

the -3 volt level. 
----l 



Signal Name 

1 1 
DFBO through DFB 17 

T ransfer Done Flag 

~~--

TABLE 3~2 OUTPUTS FROM 24 TO PDP-4 (continued) 

! i I Symbol 
From Serial Drum 

I 
I 

I Logic Drawing t 

-. .. I DFB 02:B 

• OCT 03~A4 
! I ~ 
t 
f , 

-~J---~-~-L-. --~ 

Logic 

MB (Ole) 

lOS 
PIC 

-.-.-~~. 

ToPDP-4 J Function 

Drawing I 
~ 

D-4-00-01~06 ~ 

D-4004-1---1 

I 
!I 

Provides data read from dru m which 
moryo is to be writf'en in core me 

Signals completion of a bio 
fer when reverting to ~3 vo 

ck trans­
l"ts (Nomi-

nally ground level) 0 

_____ 11 _________ 





SECTION 4 

INSTALLATION AND OPERATION 

SITE REQUIREMENTS 

The installation site must provide floor space at least 14 inches wide and 28 inches deep to 

accomodate the Serial Drum. At least 9 inches must be provided in front of the cabinet and 

15 inches at the back of the cabinet to allow opening of the doors for maintenance. 

A source of 115-volts (±17 volts), 60 cycle, single-phase power must be supplied by the site. 

Th!s ·o··rce must be -a-able 0' su-ply'ing ,-L._ 8 " am---- "'-a-'-:ng s' ... _- _. · .... en" -nd l:;: n -mpe"e I II :> U ~ jJ' I I jJ' I IIiC .v= "!-"CIC;)I III I VI~C '"'VII ...... ..,.V-"'II • 

running current required by the Serial Drum. 

Ambient temperature at the installation site can vary between 32 and 105 degrees Fahrenheit 

(0 to 41 degrees Centigrade) without deleterious affect upon equipment operation. For normal 

operation an ambient temperature range from 70 to 85 degrees Fahrenheit is recommended. Note 

that rapid changes in temperature adversely affect the operation of the drum memory only when 

the covers are removed. Therefore, the installation site should be capable of maintaining a 

relatively stable temperature during drum maintenance, such as during the drum head spacing 

checks. 

SIGNAL AND POWER CONNECTIONS 

All signal connections to the Type 24 Serial Drum are made at connectors F 1 and F2 on the 

plug panel at the front of the machine. To mate with these connectors, a cable should con­

tain an Amphenol connector of the 115-114P series with a housing 1391 and wire clamp 3057. 

Maximum signal cable length should not exceed 25 feet. The input and output signals are de­

fined in Tables 3-1 and 3-2 and their wiring connections are given on sheets 1 and 2 of the en­

gineering drawing A-24614. 

A grounded, three-wire power cable is permanently attached to the machine. A standard three­

prong male power plug at the end of this cable allows connection to a power source at least 

18 feet from the cabinet. 
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CONTROLS AND INDICATORS 

All manual control of the Serial Drum is exercised by means of toggle switches on the switch 

panel at the rear of the machine. The function of these switches is as follows: 

MAINT ON / OFF 

REMOTE ON/OFF/LOCAL ON 

FIELD LOCKOUT 
(0 through 7 and 
10 through 17) 

Allows maintenance personnel to select 
the norma I or stop-on-error mode of opera­
tion. In the OFF position the equipment 
functions normally and data errors or par­
i ty errors can be detected via the error 
flag only at the end of a 256-word block. 
In the ON position detection of data 
error or parity error by the machine in­
hibits generation of clock signals (¢A i 

Read Strobe, and ¢s) so that all data 

transfer stops and the contents of a II re­
gisters can be observed to locate the 
cause of the error. 

Allows local or remote control of machine 
energization. In the REMOTE ON posi­
tion the machine is energized by a con­
tact closure in the computer. The OFF 
and LOCAL ON positions function as a 
normal power switch. 

Each switch allows a group of 16 con­
secutive tracks (4096 words) to be inhib­
ited during writing so that the information 
stored on those tracks cannot be acc iden­
tally destroyed. 

Visual indication of the machine status and register contents is given on the indicator panei. 

The functions denoted by these lamps are as follows: 

TRACK ADDRESS 
(8) 

CORE LOCATION 
(16) 

FINAL BUFFER 
(18) 

SERIAL BUFFER 
(18) 

Light to indicate ONEs in the Drum Track 
Address Register. 

Light to indicate ONEs in the Drum Core 
Location Counter. 

Light to indi cate ON Es in the Drum Fi­
na� Buffer. 

light to indicate ONEs in the Drum Se­
ria I Buffer. 
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READY (RD and WR) 
(2) 

TRA 

ACT 

FLAG 

OVERFLOW 

REQUEST 

PE 

DE 

Indicate the machine is in ejther the read 
or write mode 0 Either of these lamps light 
to indicate that the initial delay following 
energization of the power control has e­
lapsed and the machine is ready for use. 

Lights to acknowledge receipt of lOT pu Ises 
and indicate that the machine has been 
taken out of the idle state and is waiting 
for clock pu Ises to be read from the drum 
to assure that the drum is in the correct 
position before initiating a transfer 0 

Lights to indicate that the machine has 
been taken out of the transfer state and 
is actively engaged in a data transfer. 

Lights to indicate that a block transfer 
has been completed and the machine has 
been taken out of the active state 0 The 
machine remains in this state until the 
flag is cleared when the machine is set 
to either the idle or the transfer state. 

Lights to indicate that a 19-bit word has 
been assembled in the DSB and is ready 
for transfer to the DFB in the read mode, 
or that a 19- bit word has been transferred 
from the DSB to the drum in the write mode 0 

Lights to findicate that a data request sig­
nal has been sent to the computer to re­
quest a data break to transfer a word. 

Lights to indicate that the machine has 
detected a parity error after read-in from 
drum to core. If the MAINT ON/OFF 
switch is OFF when a parity error occursi' 
the drum error flag is set to 1 i if the switch 
is ON u the flag is set to 1 and the trans­
fer is terminated, 

Lights to indicate that the machine has 
detected a data error!l in that the data 
request signal from the drum was not an­
swered within the 66 microsecond period 
required {when reading a data word is there-­
fore incorrect in the computer core memory 



DE (continued) or when writing the next word to be writ­
ten has not been received by the DFB). 
If the MAINT ON/OFF switch is OFF 
when a data error occurs, the drum error 
flag is set to 1; if the switch is ON I the 
flag is set to 1 and the transfer is terminated. 
This condition occurs either because de­
vices with higher priority are connected 
to the Dahl Interrupt Control, or because 
the instruction being executed at the time 
of the data request takes longer than 66 
microseconds for completion. 

EQUIPMENT TURN-ON AND TURN-OFF 

Operation of the Type 24 can be controlled locally by operation of a switch, or' remotely from 

a signal received from the computer. Control point is selected at the REMOTE ON/OFF/ 

LOCAL ON switch on the switch panel. In normal use this switch is left in the REMOTE ON 

position with the circuit breaker in the ON position. For maintenance operations this switch 

is set to the LOCAL ON position to apply power and to the OFF position to remove power. 

Power is not controlled by manual operation of the circuit breaker. Note that the circuit 

breaker must be in the ON position to allow either local or remote control of primary power 

in the Serial Drum by means of the switch; setting the switch to the REMOTE ON position alone 

is not sufficient for remote operation. 
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SECTiON 5 

PROGRAMMING 

INSTRUCTION CODES 

The functions performed by lOT pulses in the Serial Drum are listed in Table 3-1. Combining 

these pulses and adding the skip group yields the instruction list given in Table 5-1 . 

Octal 
Code 

706006 

706046 

706101 

706102 

706106 

706201 

706204 

TABLE 5-1 TYPE 24 SERIAL DRUM INSTRUCTION LIST 

Mnemonic 
Code 

drlcrd 

drlcwr 

drsf 

drcf 

drlblk 

drsok 

drcont 

Operation 

load the Drum Core location Counter with the core 
memory location information in Accumulator bits 2 
through 170 Prepare to read one block of information 
from the drum into the specified core location. * 

load the Drum Core location Counter with the core 
memory location information in Accumu lator bits 2 
through 170 Prepare to write one block of information 
into the drum from the specified core location. '* 

Skip next instruction if the drum transfer done flag 
is a 10 {The block transfer RS complete.} 

o 0 
Clear the drum transfer done fiag and the DE 0 PE 
error flag 0 

Load the Drum Track Address Register with the con­
tents of Accumulator bits 10 through 17. Clear the 
drum transfer done flag i clear the DEO. PEO error 
flag g and begin a transfer (reading or writing) 0 * 

Skip next instruction if the drum transfer done flag is 
not a 1. 

o 0 
Clear the drum transfer done flag! clear the DE . PE 
error flag and begin a transfer. 

*The Drum Core Location Counter is incremented after each word transfer and the Drum Track 
Address Register is advanced to the next position at the end of each block transfer if the drum 
error flag is not set to a 1 and the MAINT ON/OFF switch is in the OFF position. 
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PROGRAM TIMING 

Two instructions cause the transfer of a 256-word block" The first (drlcrd or drlcwr) specifies 

the core memory location of the block and the direction of transfer (drum-to-core or core-to­

drum)" The second instruction (drlblk) specifies the block or track number and initiates the 

transfer. Transfer of each word is performed during a data break, under control of the computer 

Data Interrupt Control, and is interleaved with the running program" 

The timing of a block transfer is shown in Figure 5-1. A transfer begins when the continuously 

rotating drum reaches the index mark, 3 Q 5 microseconds before the beginning of the data track 

(word 0, bit 0)" A 300-microsecond interval separates the end of a block from its beginning" 

Because the selection of a read-write head requires 200 microseconds stabilization time, a 

new track must be specified during the first 100 microseconds of the 300 microsecond interval 

for continuous transferring. If selected tracks are consecutive, uninterrupted transferring may 

be programmed merely by specifying continuation, since the block number is automatica Ily in­

cremented at the end of each successful block transfer and core memory location is automatically 

incremented at the completion of each word transfer" The continuation instruction (drcont) can 

be given at any time during the 300-microsecond interval. 

The drum transfer done flag is set to 1 upon completion of a block transfer, causing a program 

interrupt. The flag is cleared when a drcf instruction is issued specifically for that purpose, or 

automatically when either tha drblk or drcont transfer instruction is given" The drum transfer 

done flag is associated with bit 17 of the computer in-out read status instruction" 

The DE
O

" PE
O 

error flag should be checked at completion of a block transfer. If this flag is a 

1 it indicates either of the following conditions: 

(a) A parity error has been detected after read-in from drum to core memory. 

If the MAINT ON/OFF switch is in the OFF position when a parity error occurs, 

the error flag in the computer is set to 1; if this switch is in the ON position, 

the error flag is set to 1 and the transfer is terminated" 

(b) The data request signa I from the drum was not answered by the computer 

within the 66-microsecond period. The data transmission is terminated and the 

error flag in the computer is set to 1. This condition occurs either because 

........ he .. de":c""s u,:"'h I... ";gher p"";or:tv ,.. .. e con ... e,.. ... e,J "'0 ... J,..,,,,,, "'''mpu+c " D"+,, In+e .... "p+ VII I VI c; VYIQIII I' 1/ \,AI 1111 "". \.AI I~I~"""'" I Ivl ............ , ........ . 
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CLOCK 
TIMING 

START/DONE 
FLIP-FLOP 

TRANSFER 
DONE FLAG 

lOT PULSE 
706102 
(or 706106 
or 706204) 

rOT PULSE 
706106 

66ps 
~ ~I 
I ~ ~3.5}JS Ind •• time ~ 

1111·· ·1 f4..----- 300psec ----.. 111·· ·1111 
012 17P 01.2 17POI '--v---' l .. J l J l __ ... ~_ 

Word 255 l lOT 706204 maYn~~tgi~3~iO transfer on 

I 

Latest time instruction may be 
given to transfer on next index. 

"'~I-----200)Jsec --~~~I 

Figure 5-1 Program Timing 

Word 0 Word I 

Control, or because an instruction requiring longer than 66 microseconds for 

completion was in progress at the time the data request was made. 

The programmer should be aware of the settings of the FIELD LOCKOUT switches to avoid at­

tempting to write at track addresses which are inhibited by switches being in the up position. 

The octal addresses inhibited by each switch are as follows: 

Switch Addresses Switch Addresses 

0 0000 to 0017 10 0200 to 0217 

1 0020 to 0037 11 0220 to 0237 

2 0040 to 0057 12 0240 to 0257 

3 0060 to 0077 13 0260 to 0277 

4 0100 to 0117 14 0300 to 0317 

5 0120 to 0137 15 0320 to 0337 

6 0140 to 0157 16 0340 to 0357 

7 0160 to 0177 17 0360 to 0377 
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Note that a Serial Drum containing 16384 words uses only addresses 0000 through 0077, con­

taining 32768 words uses addresses 0000 through 0177, and containing the maximum of 65536 

words uses a II octo I track addresses from 0000 through 0377. 

PROGRAM SEQUENCE 

The following programs are examples of Serial Drum subroutines for the PDP-4 computer. Exam­

ple A is a simple routine which allows reading or writing. Example B is a more sophisticated 

routine in which frequent error checks are made. 

Program Sequence Example A 

/Subroutine to read or write n blocks 0 

/Co.re location a, drum block location b. 

/Calling sequence: 

/ 
/ 
/ 
/ 
drumrd, 

drumwr, 

common, 

drcon, 

law a 

ims drumrd 

law b 

lam -n+l 

a 
dricrd 

lac drumrd 

dac drumwr 

imp common 

a 
drlcwr 

xct i drumwr 

drlblk 

isz drumwr 

xct i drumwr 

doc temp 

drsf 

imp drcon 

drsok 

5-4 

lor drumwr 

/read entry 

/give read command 

/setup to use common 

/write entry 

/fetch block number 

/begin first block transfer 

/ get number of blocks 

/wait ti II transfer is done 

j I I,. I. I • ,. 

I cheCK Tor va Iia rransrer 



Program Sequence Example A (continued) 

drdone, 

I end of drum read or write subroutine 

hit 

isz 

imp .+2 

imp drdone 

drcont 

imp drcon 

drcf 

isz drumwr 

imp i drumwr 

Program Sequence Example B 

I drum subroutines 

la = initial core memory address, b = initial drum address 

I ca II ing sequence: lac (a) 

I 
I 
I 
I 

I 
drlcrd = 706006 

drl cwr = 706046 

drlblk = 706106 

drcont = 706204 

drsf = 706101 

drsok = 706201 

drcf = 706102 

drumwr, 

ims drumrd or drumwr 

law b 

lam -n+1 

imp subr 

imp err 

o 
drlcwr 

dac drumt 1 

5-5 

/stop if not good 

lindex block number 

I give continue for more blocks 

I advance return 

lor law (a) 

lor lac (b) 

In = no. of blocks to write 

/return to drsub + 1, for 

Imultiprogramming 

Idrum wr 



drumrd, 

drumcm, 

drcon, 

drsub, 

drexit I 

Program Sequence Example B {continued} 

lac drumwr 

doc drumrd 

imp drumcm 

o 
dricrd 

doc drumtl 

xct i drumrd 

doc drumt2 

drlblk 

isz drumrd 

xct i drumrd 

doc drumt3 

isz drumdr 

lac i drumdr 

doc drsub 

isz drumrd 

imp drsub 

drcont 

isz drumt2 

lac drumt 1 

add decimal (256) octal 

doc drumtl 

o 
drsf 

imp 0-1 

drsok 

imp drexit 

isz drumt3 

imp drcon 

isz drumrd 

drcf 

/drum rd 

/start transfer 

/block counter 

/points to error return 



drumt 1, 

drumt2, 

drumt3, 

start 

Program Sequence Example B (continued) 

imp i drumrd 

o 
o 
o 
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/ current core address 

/ drum address 

/counter 





SECTION 6 

MAINTENANCE 

Maintenance of the Type 24 Serial Drum consists of procedures repeated periodically as pre­

ventive maintenance, and tasks performed in the event of equipment malfunction as corrective 

maintenance. Maintenance activities require use of the equipment listed in Table 6-1, or 

equivalent, as well as the use of standard hand tools i cleansersi and test cables and probes. 

TABLE 6-1 MAINTENANCE EQUIPMENT 

Equipment 

Multimeter 

Osc ill oscope 

Variable Power Supply 

System Modu Ie Extender*' 

System Module Puller* 

*One supplied with the equipment 

Manufacturer 

Triplett Simpson 

Tektronix 

DEC 

DEC 

DEC 

Model 

630-NA 260 

540 Series 

734 

1954 

1960 

If it is necessary to remove the modu les during either preventive or corrective maintenance, 

the Type 1960 System Module Puller should be usedo Turn off all power before extracting or 

inserting modules. Carefully hook the small flange of the module puller over the center of the 

modu Ie rim, and gently pu II i-he modu Ie from the rack. Use a straight even pu 1\ to avoid damage 

to plug connections or twisting of the printed-wiring board. Since the puller does not fasten 

to the module, grasp the rim of the module to prevent it from falling. Access to controls on 

the module for use in adjustment i or access to points used in signal tracing can be gained by 

removing the module, connecting a Type 1954 System Module Extender into the rack, and 

then inserting the module into the extendero 

PREVENTIVE MAINTENANCE 

Preventive maintenance consists of tasks performed prior to the initial operation of the equip­

ment and periodica Ily during its operating I ife to ensure that it is in satisfactory operating 
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condition. Faitnfui performance of these tasks wiii forestall possible future failure by cor­

recting minor damage and discovering progressive deterioration at an eariy stage c A log book 

used to record data found during the performance of each preventive mainrenance task will 

indicate the rate of circuit operations deterioration and provide information to determine when 

components should be replaced to prevent fai!ure of the equIpment 0 These tasks consist of 

mechanical checks which include cleaning and visual inspections; checks of specific circuit 

elements such as the power supply, clock timing§' sense amplifiers u and magnetic heads; and 

marginal checks which aggravate border line conditions or intermittent failures so that they 

can be detected and corrected 0 All preventive maintenance tasks should be performed every 

six months or 1 ;000 equipment operating hours u whachever occurs firsto 

Mechan!ca i Checks 

Assure good mechanical operation of the equipment by performIng the foliowing steps and the 

indicated corrective action for any substandard condiHons found ~ 

1 0 Clean the exterior and the interior of the equipment cabinet using a vacuum cleaner 

or clean cloths moistened in non=f~ammabie solvent 0 

20 Clean the air filter at the bottom of the cabinet, Remove the filter by removing 

the fan and housing., which are heidin place by two knuried and slotted captive screws 0 

Wash the fi Iter in soapy water if dry in a~ oven or by spraying with compressed gas, and 

spray with Fiiter~Kote (Research Products CorporationV' Madison, Wisconsin) 0 

30 lubricate door hinges and casters with a i ight machine oii 0 Wipe off excess oil 0 

40 Visua Ily inspect the equipment for completeness and genera i condition 0 Repaint 

any scratched or corroded areas wHh DEC blue enamel number 3277-1565 or DEC gray 

ename I number 3277= 1 R44 c 

5. Inspect all wiring and cables for cuts, breaks; froytng,. deterioration, kinks, strain, 

and mechan!cal securityo Tape; soideru or replace any defective wiringo 

60 Inspect the following for secudty~ switches u knobs u jacks!l connectors; transformers, 

fan, capacitors; lamp assembiies 17 etc 0 Tighten or replace as required 0 

70 Inspect all racks of logic to assure that each mod~"de is sec~re!y seated in its con­

nectoro 
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8. Inspect power supply capacitors for leaks u bulges, or discoloration 0 Replace any 

capacitors giving these signs of malfunction. 

Power Supply Checks 

Check the output voltage and ripple content of the Type 728 Power Supplyu and assure that it 

is within tolerance. Use mu Itimeter to make the output voltage measurements without discon­

necting the load. Use the oscilloscope to measure the peak~to-peak ripple content on dc out­

puts of the supplies. These supplies are not adjustable u so if the output voltage or ripple con­

tent is not within the tolerance specified l the supply is considered defective and troubleshooting 

procedures shou Id be undertaken 0 

Check the +10 voir output between the black (-) and red (+) terminals to assure that it is be­

tween 9.5 and 11.0 volts with less than 800 millivolts ripple. Check the -15 volt output to 

assure that it is between 14.5 and 16.0 volts with less than 400 millivolts ripple. 

Timing Checks 

Using the osci Iloscope and referring to engineering drawing D-24603 tI check the timing of the 

Type 4410 Variable Clock at location C13 g the Type 4303 integrating Single Shot at location 

C09, and the Type 1304 Delay at location D24. If necessary the timing of these modules can 

be adjusted by turning the potentiometer screw which is accessible through a hole in the handle. 

Check the timing at the variable clock to assure that standard DEC pulses occur at terminal 

C13F every 2 to 4 microseconds when the module is uninhibited. The clock can be made free­

running for this check by disconnecting the wire from the green Heyman Tab Terminal.at the 

top of the Type 813 Power Control. Be sure to restore this connection at the completion of 

this check or subsequent data transfers may be invalid 0 

Check the single shot by observing the ONE output at C09W while triggering the osci 1I0scope 

on C09K. During each revolution of the drum the single shot is triggered every 3.5 micro­

seconds for approximately 17 milliseconds (4865 pulses x 3.5 jJsec) during data reading and 

receives no pulses during the 300-microsecond gap. The output at terminal C09W should be 

at ground level during the gap, drop to -3 volts at the first triggering pu Ise u and remain at 

-3 volts for 6 microseconds after the last triggering pu Ise is received before reverting to 

ground potentia I. 
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Check the timing of the delay module by observing the negative Read Strobe pulse at terminal 

D24E while triggering the oscilloscope on the ¢A pulse at D24Y. Read Strobe pulses should 

succeed ¢ A pulses by approximately 0.8 microseconds. Observe the Read Strobe pulses and 

the amplified output of a magnetic head by connecting the second input of the dual-trace 

oscilloscope to term ina I E24S 0 It is more important that the Read Strobe pu Ises occur at the 

negative peak of the sinusoidal signal read from the drum than that they occur 0.8 microseconds 

after the ¢ A pulses. Measurements should be made with several different heads selected and 

the Read Strobe pulse should be adjusted for an average of the measurements to eliminate large 

differences in peak playback time. 

Drum Sense Ampl ifier Checks 

The Type 1537 Drum Sense Amplifier modules at locations E25 (clock track) and E24 (data 

track) are checked for proper slice or threshold level at terminal S ~ This measurement can be 

made with the oscilloscope by measuring the amount the base line shifts above ground when 

the signal is connected to the input 0 The clock track sense amplifier slice level should be 

-100 millivolts. The data tracks sense amplifier slice level should be -150 millivolts. Ad­

justment of the slice level can be achieved by turning the potentiometer screw which is acces­

sible through a hole in the modu Ie handle 0 

Drum Clock Head Spacing Checks 

Check the spacing of the dock track head by measuring the preamp~ifier output of the Drum 

Sense Amplifier at termonOJ! E25S 0 This output sho;J!d be approximate~y one voh peak=to~peakl 

as measured on em osc i Uoscope 0 Ad justment of the head sholl id be undertaken on Iy if the pre­

amplifier output is less than 750 mUHvohs u if the head has been replaced; or when operationai 

tests clearly indicate that it IS requ3red 0 

Clock heads are mounted i~ a t:"fH sadd~e o'rtached to a mounting b~ock on the shroud 0 This 

assembly is shown in Figure 6~ ~ 0 The dnstcnce between the pickup end of the head and the 

surface of the dn.~m can be adil!Jsted by means of the dHferenHal screw 0 Turning this screw 

~6n degrees "'c"ses .. he ........ n.,""'+~"", .... i..,~ ... ,.,i" .,,.. """o've 0 n06 : ... c!-' 0" ~~'"'e "-rew ~e .. ,·e,j,,~-g:n o"'p-ox:-.., v \.00 \'J ,,!- !H""'\YIH~U~';:I "",,UV'-'I",!lY I~~ oV DH II \ "11;)\.0 U I ;)U!IUil II P a ,-

mately 00003 inch trave~ of the head 0 Therefore approximatejy 9 degrees of differential 

screw rotation moves t:,e head 75 m~cro~ncheso A safe~y shim prevents the head from being 

drawn down against the dri";~ s~Jtface by ro~'atJon cf the differenttc~ screw; prov;di~g that the 
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drum is at thermal equilibrium and the head and shim have been properly installed. The clock 

head mounts also have provision for slight horizontal adjustment to allow accurate timing coin-

cidence on the bits recorded on the drum surface. This adjustment is effected by turning the 

puller or pusher screws in a "T" saddle which is set into the mounting block. Since the Series 

Drum requires only one clock head this feature of the drum memory is not utilized and so need 

not be adjusted. 

To locate the clock head which is being used trace the wiring from module E25 to connector 

J1. As shipped from DEC the module is connected to terminals Jl-18 through Jl-21, signi­

fying use of clock head C4. Clock head C3 is connected to J 1-26 through J 1-29, C2 to 

J 1-35 through J 1-38, and C 1 to J 1-43 through J 1-46. 

DO NOT LOOSEN 
THIS SCREW 

t--__ I---I r00075 MID RANGE POSITION 

NYLON-POINT ------::::!Io"----_ 

PULLER SCREW­
MOVES HEAD TO 

HEAD SET SCREW 
RECESSED IN 
BLOCK 

THE LEFT 

1tlM ___ -t--- SADDLE HOLD DOWN 
SCREW 

METAL WASHER 

PUSHER SCREW­
MOVES HEAD TO 
n£ RIGHT 

SA FETY SHIM. SIN FFERENTIAL SCREW 
TYPE 

Figure 6-1 Drum Clock Head Assembly 

CAUTIONS 

© 

1. A short circuit between any of the three clock heads leads and 
ground destroys the information recorded on the c lock track. Do 
not remove the tape from the connector terminals of the spare clock 
heads and never check continuity of the clock head with a multi­
meter. 

2. The drum must remain at the thermal equilibrium when the covers 
are removed from the housing. Before commencing head adjustment 
procedures, check the immediate area to assure that no drafts or other 
causes of temperature transients wi II occur during the procedure. 
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3. When the covers of the drum are removed use extreme care to 
maintain the clean condition of the drum. Do not permit dust g smokeii' 
or other foreign matter to enter the drum housing. 

To adjust the head ~ 

1. Connect the oscilloscope to module location E25S to observe the preamplifier out~ 

put. 

2. Ascertain the location of the head to be adiusted by tracing the wiring from module 

E25 to connector J l and by referring to engineering drawing D=24619o In this manner 

the covers on the drum housing can be removed fer a minimum time. 

30 If necessary, remove the end panels from the cabinet by ! ifting them above the 

hooks on the frame 0 Remove the cover from the drum housing adjacent to head to be 

adjusted by turning the six captive screws 0 

4. Turn the differential screw to obtann a one~voh peak-to-peak signal on the oscil­

loscope. No other screws should be turned to adjust the output amplitude 0 

5. Replace the drum housing cover and the panelsii' if removed. 

Drum Data Head Spacing Checks 

Check the spacing of each data head by measudng the output of the Drum Sense Amplifier at 

terminal E24S g with the head selected by the Drum Track Address Register, and with the machine 

in the read status. The best method of making this check is to run a program in which patterns 

of all ZEROs, all ONEs or alternate ONEs and ZEROs are written on the selected track, then 

continuously read the data and mon itor the output on an osci lIoscope 0 Patterns of a II ON Es 

or all ZEROs should produce an output of one volt peak-to-peak and patterns of alternate bits 

shou Id produce an output of two vohs peak~to"'peak. If test data patterns are to be written 

during this check, and if the data on the drum is to be retained fit should be read into the com­

puter core memory, the check of a head performedii' and the data rewritten on the drum for 

each track. If the check is to be performed wHhout the use of the computer Ii' test data patterns 

shou Id not be produced manua Ily if the data recorded on the drum must be retained. Data g 

track address, and read/write status can be set into the machine without use of the computer 

by manually grounding appropriate flOp-flop terrn~na!s in the Drum Fina! Buffer Q Drum Track 



Address Register, and Drum Data Channel. Adjustment of the head should be undertaken only 

if the preamplifier output differs substantially from the one and the two volt limits as stated 

previously, if the head has been replaced, or when operational tests clearly indicate that it 

is required. 

Data heads are set into a mounting block which is permanently attached to the shroud. This 

assembly is shown in Figure 6-2. The distance between the pickup end of the head and the 

surface of the drum can be adjusted by means of the differential screw. Turning this screw 

360 degrees causes the mounting block to move 0.006 inch at the screw, resulting in approxi­

mately 0.003 inch travel of the head. Therefore approximately 9 degrees of differential screw 

rotation moves the head 75 microinches. A safety shim prevents the head from being drawn 

down against the drum surface by rotation of the differential screw, providing that the dr,Jm 

is at thermal equilibrium and the head and shim have been properly installed. One such shim 

is used for two head mounts, one above the other, so that replacement of either head requires 

adjustment of the other. 

DO NOT LOOSEN 
THIS SCREW 

FLAT ON HEAD ""'---1 
FACING TO THE 
LEFT---.... 

DIFFERENTIAL 
SCREW 

SAFETY 
SHIM, 
DUPLEX 
TYPE 

Figure 6-2 Drum Data Head Assembly 

CAUTIONS 

NYLON-POINT 
SET SCREW 

1. The drum must remain at thermal equilibrium when the covers are 
removed from the housing. Before commencing head adjustment pro­
cedures, check the immediate area to assure that no drafts or other 
causes of temperature transients wi II occur during the procedure. 
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2. When the covers of the drum are removed use extreme care to 
maintain the clean condition of the drum. Do not permit dust, smoke, 
or other foreigh matter to enter the drum housing 0 

To adjust the head: 

1. Connect the oscilloscope to module location E24S to observe the preamplifier out­

put. 

2. Ascertain the location of the head to be adjusted by referring to engineering draw­

ing 0-24619. This drawing indicates the diode matrix board location for each head by 

X-Yaddress coordinates. From the matrix board location the wiring can be traced to 

a head. The heads are also located on the drum shroud address coordinates, X being 

horizontal and Y being the vertical axis. In this manner the covers on the drum hous­

ing can be removed for a minimum of time. 

3. If necessary remove the end panels from the cabinet by I ifting them above the hooks 

on the frame. Remove the cover from the drum housing adjacent to head to be adjusted 

by turning the six captive screws. 

4. Turn the differential screw to obtain the correct peak-to-peak output signal on the 

osci Iloscope for the data pattern being read. When adjusting, turn the differentia I 

screws to increase or decrease the signal by approximately 500k of the desired correction 

factor I then rewrite and read the data again. Repeat this step unti I a proper output is 

achieved. Do not turn any screws except the differential screws to adjust the output 

amplitude. 

5. Repeat step 4 for each track to be adjusted. 

6. Replace the drum housing cover and the end panels, if removed. 

Marginal Checks 

Marginal checks are performed to aggravate border! ine conditions within the logic to reveal 

observable faults. Therefore, these conditions can be corrected during scheduled preventive 

maintenance to forestall possible future equipment failure. These checks can also be used as 

a troubleshooting aid to locate marginal or intermittent components, such as deteriorating tran-

sistors. The checks are peiformed by operating the equipment logic circuits from an external, 
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adjustable power source u such as the DEC Type 734 Vadable Power Supply. The Marginal 
-! I,.. i r'. I ,.."",...01 I I' • I 0 , 0 I' ~ i 0 ,I s I ~ 0 I 1"'\ 0 • • \...neCK jane! or rne rvr~~ nas raCIIl'rles for proviowng rniS power to tile .:>enUi vfUffi. ~Uismg 

the bias voltage above +10 is equivalent to lowering the amount of base drive on a particular 

transistor. This in turn simu lates a lower goon driving transistor. Raising the bftas voltage thus 

tends to indicate low gain transistors. lowering the bias voltage below + 10 volts simulates a 

condition where the voltage drop across the previous driving transistor (V CE) has increased, 

thus tends to indicate high V CE drop {leakage} transistors or low gain driving transistors. The 

-15 volt supply margins are not checked in the Series Drum because raising or lowering the -15 

volts does not affect the majority of control logic u since it is the collector load voltage and is 

usually clamped to ~3 volts. The +10 volt margin should be about ±5 volts. By recording the 

level of bias voltage at which circuits faHg progressive deterioration can be plotted and expected 

failure dates predicted. Thereforeg these checks provide a means of planned replacement. 

Marginal checks of the +10 (A) supply (top switch of the left of the rack) to rack E varies the 

slice level on the drum sense amplifier modules and so is a valuable tool in verifying the cap­

ability of the machine to read and write on the drum surface. Normally increasing the +10 

(A) supply by 3 or 4 volts also increases the slice level and causes bits to be dropped out (i .e. 

1s to become Os). Decreasing the + 10 (A) source by 3 or 4 volts usually lowers the slice level 

and causes bits to be picked up O. e. Os to become 15) 0 

Refer to the Power Supply and Distribution discussion in Section 2 for an explanation of the 

connection of the color-coded connector at the right side of each rack of modules and for the 

function of the marginal~check switches at the end of each rack 0 

To perform the checks ~ 

1. Supply the marginal check voltage to the Serial Drum from the PDP-4 Marginal 

Check Panel or connect the external marginal~check power supply to the colored con­

nector on any rack between the green (+) and the biack (ground) terminal 0 

2. Energize the marginal-check power supply and adjust the outputs to supply the nomi­

nal +10 vdc 0 

3. Start equipment operation in a repetitive program or in a routine whi ch fu Ily uti! izes 

the circuits in the rack to be tested 0 The diagnostic program described in the System 

Troubleshooting procedure is excellent for this check. 
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4. Set the top switch on the rack to be checked to the up position. 

5. Lower the +10 volt marginal~check power supply until normal system operation is 

interrupted. Record the marginal-check voltage. At this point marginal transistors 

can be located and replaced, if desired 0 

6. Start equipment operation. Then decrease the + 10 volt marginal-check supply un­

til normal operation is interrupted, at which point record the marginal-check voltage. 

Transistors can again be located and replaced. 

7. Return the top switch to the down position 0 

8. Repeat steps 2 through 7 for the center switch on the logic rack being checked. 

9. Repeat steps 2 through 8 for each rack or logic to be checked 0 

10. De-energize and/or disconnect the external marginal-check power supply. 

CORRECTIVE MAINTENANCE 

The equipment is constructed of highly reliable transistorized modules. Use of these circuits 

and faithful performance of the preventive maintenance tasks ensure relatively little equipment 

down time due to failure. Should a malfunction occur, the condition should be analyzed and 

corrected as indicated in the following procedures. No special tools or test equipment are 

required for corrective maintenance other than a broad bandwidth oscilloscope and a standard 

multimeter. The best corrective maintenance tool is a thorough understanding of the physical 

and electrical characteristics of the equipment. Persons responsible for maintenance should 

become thoroughly familiar with the system concept and the operation of specific circuits as 

described in Section 2, program techniques described in Section 5, the engineering drawings 

presented in Section 7, and the location of mechanical and electrical components. 

Diagnosis and remedial action for a fault condition is performed in the following phases: 

a. Preliminary investigation to gather all information and to determine the physical 

and electrical security of the system. 

b. System troubleshooting to locate the fault to within a module through the use of 

diagnostic programmingu signal tracing, or aggravation techniques. 
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Co Circuit troubleshooHng to locate defective parts within a module. 

d ~ Repairs to replace or correct the cause of the malfunction 0 

eo Va I idaHon tests to assure that the fau It has been corrected. 

f" Log entry to record perHnent data 0 

Pre! im inary Investigation 

It is virtually impossible to outline any specific procedures for locating faults within complex 

digital systems such as the Serial Drum 0 Before commencing troubleshooting procedures, explore 

every possible source of information 0 Ascertain all possible information concerning any un-

I f . F h hO • t th f It d II obi · f to h usua unction 0.: t e mac. me prior .0 ... e .au . an 0 .. POSSI .e program an orma Ion suc as 

routine in progress, condition of control panel indkators u etc 0 Search the maintenance log 

to determine if this type of fault has occurred before or if there is any cyclec history of this 

kind of fault, and determine how this condition was previously corrected 0 When the entire 

machine fails, perform a visual inspection to determine the physical and electrical security 

of all power sources, cables; connectors; etc 0 Assure that the power supply is working pro­

perly and that there are no power short CiFCUits u by performing the power supply checks as 

described under Preventive Maintenance 0 

System Troubleshooting 

Do not attempt to troubleshoot the drum system without Hrst gathering all information possible 

concerning the fau It g as outl ined in the Preliminary Investigation 0 

Commence troubleshooting by performing that operaHon in which the malfunction was initially 

observed, using the same program 0 Thoroughly check the program for proper control settings. 

Careful checks should be made to assure that either the Series Drum is actually at fault before 

continuing wi th corrective ma intenance procedures 0 Fau its in equipment transm itting or receiv­

ing information or improper connections of the system frequentiy give indications very similar 

to those caused by drum malfunction c F~om that portior. of the program being performed and 

the general condition of the indicators#, the logical section of the machine at fault can usually 

be determined 0 



If the fault has been determined to be within the Type 24 Serial Drum but cannot be localized 

to a specific logic function, perform the diagnostic program procedure. When the location of 

a fault has been narrowed to a logic element, continue troubleshooting to locate the defective 

module or component by means of signal tracing. If the fault is intermittent a form of aggra­

vation test should be employed to locate the source of the fault. : 

Diagnostic Program - This test procedure is designed to check the basic control functions per­

formed by the machine and to determine the reliability of recording on various tracks. Speci­

fically the program performs the following: 

a. Writing and checking of any desired pattern on the entire drum, writing one track 

at a time. 

b. Writing and checking of specific patterns on the entire drum, writing one track at 

a time. 

c. Writing and checking of randon numbers over the entire drum, writing four tracks 

at a time. 

Prepare a perforated tape or other vehicle for loading the following program into the computer. 

24/ 

wra = 2000 

rda-= 4000 

begin, 

dO, 

lac dlngth 

cma 

add (1) 

dac dloop 1+3 

dac dwrite+ i 

add (3) 

dac d3a 

las 

sma 

imp d1 

hit 
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las 
II ___ '1 

Ims OIOOP I 

imp dO 

d 1, lam tb~tbe 

doc t2 

law tb-l 

doc 17 

d2, lac i 17 

ims dloop 1 

isz t2 

imp d2 

d3 lac (736425) / test random 2000 wd patterns 

doc rnk 

lac (nop) 

doc drsub+4 

d3a, lam /modified g -dlngth+4 

doc tl 

dzm dk1 

d4, lam -1777 

doc t2 

law wra-l 

doc 10 

d5, ims rn 

doc i 10 

isz t2 

imp d5 

d6, lac (wra) 

ims drumwr 

lac dk 1 

lam -3 

imp drsub+ 1 

imp wze 
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d7, 

dcmp, 

dcmp2, 

dctl, 

dkl, 

dk2, 

ims dcmp 

lam -3 

lam -1777 

isz dk 1 

isz t 1 

imp d4 

imp d3a 

o 
lac (rda) 

ims drumrd 

lac dk1 

xct i dcmp 

imp drsub+1 

imp .+1 

isz dcmp 

xct i dcmp 

doc dct 1 

lac (lac wra-1) 

doc 10 

lac (lac rda-1) 

doc 11 

lac i 10 

sad i 11 

imp .+2 

jms dcmpe 

isz dct 1 

imp dc'mp2. 

isz dcmp 

imp idcmp 

o 
o 
o 
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dcmpe, 

dcmpe 1, 

dcmpe2, 

o 
o 
tin 

lac dk 1 

doc dk2 

lac (lac rda) 

crna 

add 11 

/~ ..... _ ...... ~ .J .. , , ..... __ ........ 
I i ,pc VUi \AI Viii Ci I VI 

/channel no. 

add (decimal-255 octal) 

spa 

imp dcmpe2 

add (-1) 

isz dk2 

imp dcmpe 1 

add (decimal 255 octal) 

spa 

cma 

doc dk3 

lac dk2 

twordz 

6 

tab 

lac dk3 

twordz 

6 

tab 

xct 10 

tword 

6 

tsp 

xct 11 

tword 
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dloop1, 

dloop2, 

:t 1., 

t2, 

dsprd, 

6 

jmp i dcmpe 

o 
jms dsprd 

jms dwrite 

lam 

doc tl 

dzm wra 

dzm dk1 

ims dcmp 

lam 

/do writing and checking 

/modified, -dlength+ 1 

lam decimal -255 octal 

isz dk 1 

isz wra 

isz t 1 

imp dloop2 

imp i dloop 1 

o 
o 
o 
doc dsprda 

/spreads 256 words in wra 

lam decimal -255 octal 

doc dsprdc 

law wra-1 

doc 10 

lac dsprda 

doc i 10 

isz dsprdc 

imp. -2 

dzm wra 

dzm dkl 

il"t"lp i rlsprrl I'" .... ... 
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dsprdc, 0 

dspida, 0 /writes all channels 

dwrite, 0 

lam /modified, -dlngth+ 1 

doc dwc 

lac (imp drexit) 

doc drsub+4 

dw1, lac (wra) 

ims drumwr 

lac dk 1 

lam 

imp drsub+ 1 

jms wze 

isz wra 

isz dk 1 

isz dwc 

imp dw1 

imp i dwrite 

dwc, 0 

rn, 0 / random number generator 

lac rnk 

cllVrar 

szl 

xor (400000) 

xor (335671) 

add (335671) 

doc rnk 

imp i rn 

rnk, 0 /working number 

wze, 0 

tin 

lac dk 1 
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tb, 

tbe, 

dlngth, 

start 

twordz 

6 

tsp 

lac (flex wre) 

ty3 

imp i wze 

o 
777777 

525252 

252525 

666666 

111111 

400 /256 tracks decimal 

This program assumes t~at DEC Read-In Mode Loader program and standard teleprinter subrou­

tines are stored in core memory. If the subroutines are not in the computer prepare routines as 

listed in Appendix A1, or equivalent, and load them into the computer. 

To use t:1 is program set the ADDRESS switches to 7770, load t:1e tape in the reader I and depress 

the START key. When the program is in the computer press the STOP key, set the ADDRESS 

switc;1es to 24, then press the START key. 

a. If bit 0 of the ACCUMULATOR switches is a 1 the program w ill halt. Put the pat­

tern desired to be written on the drum in the ACCUMULATCR switches and press CCN­

TINUE. The pattern will be written on all tracks and checked. Note that during this 

phase and during phase b below, the first word written on each track is the track num­

ber. 

After the entire drum (tracks 0-127
10 

or 0-255
10

) have been checked .. the program will 

continue with phase b unless bit 0 of the ACCUMULATCR switches is a 1, in which case 

the machine will halt again and the entire process can be repeated. The switches can 

be changed any time after CC NT I NU E is pressed. 
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If bit 0 of the ACCUMULATOR switches is a 0 when starting the program phase b wHI 
I •• ._.. I 

oegan ImmealarelY 0 

b. During this phase the following patterns are written and checked over the entire 

drum, writing one track at a time ~ 

000000 

777777 

525252 

666666 

l1iiii 

(The first word on each track wi II be the track number) 

c. When phase b is completed the program wi II generate pseudo-random numbers and 

write and check the entire drum writing and reading u four tracks at a time (i .e. 0-3, 

1-4, 2-5, 3-6 etc. through 124-12~O_~r 252-255
10

). This phase will continue inde­

finitely until the machine is stopped. 

If information is misread from the drum! the following typical message will be typed, and the 

program will continue checking the next channel ~ 

000100 000236 

Where~ word one = the track number (octal 0~255) 

word two = word number (octa I 0-377) 

word three = the word written on the drum 

525252 525250 

word four = the word read from the drum (in this example bit 16 was dropped) 

If an error occurs during writing., the message OOOlOOWRE will be typed, indicating a write error 

on track 100 (octal). The program will continue, however., if this error occurs during phace c, 

start the program over manually 0 Normally this error cannot occur u as parity is not checked 

during writing, and no timing problems are imposed by the programming 0 

The program has been assembled for a 256
10 

track drum. To use the same program for a 128
10 

track drum, change register DLNGTH to 200
8

0 

Signal Tracing - If the fault has been located within a functional logic element, program the 

equipment to repeat some operation in which all functions of that element are utilized. Use 
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the oscilloscope to trace a signal flow through the suspect ~ogic element. Oscilloscope sweep 

may be synchronized by control signals or clock pulses available at individual module terminals. 

Trace the signal from the output back to its origin. The signal tracing method determines with 

absolute certainty the quality of pulse amplHude ll duration", and rise time and the correct timing 

sequence. In the event an intermittent malfunction occurs ll signa! tracing must be combined 

with an appropriate form of aggravation test 0 

Aggravation Tests - Intermittent faults should be traced through the use of aggravation tech~ 

niques. Intermittent logic malfunctions are located by the performance of marginal-check 

procedures as described under Preventive Maintenance 0 Intermittent failures caused by poor 

wiring connections can often be revealed by vibratnng the modules while running a repetitive 

test cycle. Often, wiping the handle of a screw-driver across the back of a suspect row of 

modules is a useful technique. By repeatedly starting the equipment and vibrating fewer and 

fewer modules, the malfunction can be localized to within one or two modules. After isolating 

the malfunction in this manner, check the seating of the modules in the connector, check the 

module connector for wear or misalignment! and check the module wiring for cold solder joints 

or wiring kinks. 

Circuit Troubleshooting 

The procedure fo.uowed for troubleshooting and correcting the cause of faults within specific 

circuits depends upon the down tfime limitations of equipment useo Where down time must be 

kept at a minimum it is suggested that a provisioning parts program be adopted to maintain one 

spare module or standard component which can be inserted into the cabinet when systems trouble­

shooting procedures have located the fault to a particular component. Bench troubleshooting 

procedures can be performed to correct the defective components, Where down time is not as 

critical, the spare parts list can be reduced and signa! tracing techniques can be utilized to 

troubleshoot modules within the equipment. This pracHce involves module removal by means 

of a Type 1960 System Module Puller", insertion of a Type 1954 System Module Extender into 

the logic rack, insertion of the suspect module in the module extender ll and oscilloscope signal 

tracing of the module with the equipment energized and operating 0 
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Static and dynamic circuit tuonJb~eshooting procedures may be performed at a bench 0 Visually 

inspect the module on both the componen~ s~de and the pr[rJted~w!rDng side to check for short 

circuits in the etched widng and for damaged componen~so if this inspecHon fails to reveal 

the cause of trouble 5 or confhm a fauit condHfion observed il \Jse the mui!'hl1eter to measure 

resistances 0 

CAU7iONS 

1" Do not use the ~owest or h~ghest res~sta~ce ranges of the multi~ 
meter when check~ng semfl~conductor devnces 0 The X J 0 range GS 
suggestedQ Fanure to heed ~hjs warning may resu!t in damage to 
components v 

20 Do not attempt to measure ~esistance of any dock head" The 
it h d' "h ''*" ! • f.t:"· . t • ft' vo"age appHe to:.e res,. p~ooes IS SUo L 'c!ent ,0 erase In,orma, Ion 

from the drum surface and poss~b!y cause damage to the head and 
the selection d~cuits" 

Measure the forwa~d and reverse res!s+ances of diodes, D;odes should measure approximately 

20 ohms forward and mor-e than 1000 ohms reve!'se ,_ If readings In each direction are the same, 

and no parallel paths exist i replace the diode!L 

Measure the em!tter-coHector and emitter-base reSITstance of transistors 0 Most catastrophic 

failures are due to short circuits between ~he collector and the emitter or due to an open cir­

cuit in the base-emitter path c A good tra'1s~stor ~p.dicates an open circuit in both directions 

between collector and em itter c NOG"ma I!y 50 to 100 ohms ex ist between the em itter and the 

base or between the collector and the base in the forward direction u and open-circuit condi­

tions exist in the reverse d!fections ,ro determine forward and reverse directions a transistor 

can be considered as two diodes conrtected back=to~back 0 In this ana iogy PNP transistors are 

considered to have both cathodes cormec~ed together TO form the base and both the emitter and 

collector assume the fur.cHon of an anode" In N PN transistors ~he base IS assumed to be common­

anode connection and both !he emitter and coHecfo~ are assumed to be cathodec Multimeter 

polarity must be checked before measudng ~es!stancesif s!nce many meters (Cncluding the Trip-

lett 630) apply a posirnve voltage to the CO~P"1on lead when an the resus!ance mode 0 Note that 

although incorrect res[stance readBngs are OJ Sli~e indicaf'ion that a transistor ns defective, cor­

rect readings give no guarantee that !'he t:ons~sto!' is fa..H"lC~ioning properly, More reliable in­

dication of diode or transistor ma lfuncHon is obta~ned through the use of one of the many in­

expensive in-circuit testers commerdaHy avaJiab1eo 
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Damage or cold-solder connections can also be located using the muitimetero Set the multi­

meter to the lowest resistance range and connect it across the suspected connection 0 Poke at 

the wires or components around the connection g or alternately rap the module lightly on a 

wooden surface, arid observe the multimeter for open-circuit indications. 

Often the response time of themuhimeter is too slow to detect the rapid transients produced 

by intermittent connections. Current interruptions of very short duration u caused by an inter­

mittent connection, can be detected by connecting a 1 .5-volt flashlight battery in series with 

a 1500-ohm resistor across the suspected connection. Observe the voltage across the 1500-ohm 

resistor with an asci 1I0scope whHe probing the connection 0 

Dynamic bench testing of modules can be performed through the use of special equipment. A 

Type 922 Test Power Cable and either a Type 722 or Type 756 power supply can be used to 

energize a systems module. These supplies provide both the +10 vdc and -15 vdc operating 

supply for the module as well as ground and -3 volt sources which may be used as signal inputs. 

The signal inputs can be connected to any terminal normally supplied by logic level by means 

of eyelets provided on a Jones plug on the power cable 0 Type 911 Patch Cords may be used to 

make these connections on the Jones plug 0 In this manner logic operations and voltage measure­

ments can be made. When using the Type 765 Bench Power Supply, marginal checks of an in­

dividual module can also be obtained 0 

Repair 

In all soldering and unsoldering operations in the repair and replacement of parts, avoid place­

ment of excessive solder or flux on adjacent parts or service lines. When soldering semi-con­

ductor devices {transistors u crystal diodes, and metallic rectifiers} which may be damaged by 

heat, the following special precautions should be taken: 

a. Use a heat sink.7 such as a pair of pliers; to grip the lead between the device and 

the joint being soldered 0 

b. Use a 6-volt soldering iron with an isolation transformer 0 Use the smallest soldering 

iron adequate for the work. 

c. Perform the soldering operation in the shortest possible time, to prevent damage to 

the component and delamination of the module etched wiring c 
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When any part of the equipment is removed for repa:r and replacement make sure that all leads 

or wires whkh are unso!dered" or otherwhe disconnected g are legib!y tagged or marked for 

identification wHh their respective terminals e 

Replace defective components only whh parts of equal or greater quality and toleranceo 

The following procedure should be followed in the removal and replacement of a drum head: 

CAUTiONS 

1 0 With the system energfized g a short drcuH between any of the 
three ciock head leads and ground erases the finformation recorded 
on the clock track of the drum surfaceo A short. circuh between any 
of the three data head leads and ground causes either an open cir­
cuit in the head windnng or destroys the Type 4522 module which 
selects the head 0 Simiiar fauhs are caiUsed by attempting to check 
the continuity of head wIdng with a multimetero Use extreme cau­
tion to prevent acddental contact between leads" directly or through 
a screwddver or soldering iron at connectors 0 

20 When soldering head ~eads ~,.;se only a tool which is wei! isolated 
and grounded c Most electronic soldedng irons produce a potentia! 
(in the millivolt range) at the tip whkh wouid be destruct!ve to the 
magnetic heads c 

30 The drum must remain at therma~ equilibdum when the covers are 
removed from the hous~ng, Be~ore rhe covers are removed, check 
the immedfiate area to assure that no drafts or other causes of tempera­
ture tronsuent wn I OCCQJf duunng the replacement and adjustment pro­
cedureo 

40 When the covers are removed from the drum housingLi use extreme 
care to maintain the clean condition of the drum 0 Do not permit 
dust 11 smoke g or other forengn matter to enhet" the drum housing 0 

10 Ascertann the physncal locaHo~ of the head to be replaced 0 Refer to engineering 

drawIng D-24619 for the !ocaHon 0+ the head on the shroud c Visua Ily trace the wiri!lg 

from the Drum Sense AmplHier modrJie {E24 for data heads v and E25 for clock heads} 

to terminals of J 1 and J20 By becom~!1g famii~ar with these connections the replace­

ment and adjustment ca~ be pe~formed [n a minimum of time 0 

20 Set the circuit breakers on the power controi panel to the OFF position 0 

frame support on which they are hung c Remove the appropriate cover from the drum 

housing by turning the :six capHve screws 0 



4. Turn the differential screw several turns counterciockwise to back the mounting 

block away from the shroud. Refer to Figures 6-1 and 6-2 for the name and location 

of parts. 

5. Loosen the nylon-point set screw wh ich holds the head in t he mounting block and 

withdraw the head from the block 0 

6. Loosen the screw holding the safety shim, turn the shim 90 degrees (horizontally) 

so that it is not under the mounting block.+' then tighten the screw to hold the shim in 

this position temporad Iy. 
, 

7. Turn the differential screw clockwise to draw the mounting block firmly against the 

shroud. 

8. Insert the new head into the mounting block so that it is in static contact with the 

drum surface and making sure that the flat surface is horizonta I on the left side. Assure 

that the head is making contact with the drum surface by applying a slight amount of 

pressure to the drum surface with one finger 0 If the drum does not move", indicating 

drum-to-head contact, maintain the finger pressure and tighten the nylon-point set 

screw to hold the head in position. 

9. Turn the differential screw several revolutions counterclockwise to raise the mount-

ing block away from the shroud 0 

10. Loosen the set screw holding the safety shim, turn the shim 90 degrees to the verti­

cal position so that it is under the mounting block{s} i then permanently tighten the set 

screw 0 

11. Turn the differential screw clockwise until a slight resistance is noted, indicating 

that the mounting block has made contact with the safety shim. Then turn the differen­

tia I screw approximately 120 degrees counterc 10ckwDse. 

12. Disconnect the defective head from the pdnted-wiring board or connector, and 

connect the leads of the replacement head 0 

13. When replacing a clock head" loosen the saddle hold-down screw p and adjust the 

pusher and puller screws so that the IIT'I saddle is parallel with and 0.075 inch away 

from the right side of the mounting block 0 Th!s adjustment can be made very coarsely 

since this feature of the clock head mount is not used, 
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14. Set the circuit breakers on the power control panel to the ON position. 

15. Proceed to the Preventive Ma intenance portion of th is section and adjust the head 

as instructed under the appropriate drum head spacing check. 

Va I ,dation Test 

Following the replacement of any electrical component of the equipment I a test shou Id be per­

formed to assure the correction of the fault condition and to make any adjustments of timing or 

signal levels caused by the replacement. This test should be taken from the Preventive Main­

tenance procedure most appl !cable to the portion of the system in which the error was found. 

For example, if a fj Iter capacitor was replaced in the power supply the ripple check for that 

power suppiy shouid be repeated as specified under Power Supply Checks 0 If repairs or replace­

ment are made in an area which is not checked during preventive maintenance, the diagnostic 

program should be run or an appropriate operational test should be devised. For example, if 

a flip-flop is repaired or replaced the register on control function performed by the flip-flop 

should be checked in entirely by manually setting and clearing,. by programmed exercise of the 

function, or by repeating the diagnostic program 0 

Log Entry 

Corrective maintenance activities are not completed unti I they are recorded in the maintenance 

log. Record a II data indicating the symptoms given by the fau I tithe method of fau I t detection I 

the component at fault, and any comments which would be helpful in maintaining the equip­

ment in the future 0 





SECTION 7 

ENGINEERING DRAWINGS 

Er:gineering drawings in the following list apply to the Type 24 Serial Drum and are supplied 

in a separately bound schematic book. The logic drawings are included in this manual as an 

a~d to understanding and troubleshooting the system. Shouid any discrepancy exist between the 

drawings in this manual and in the schematic book, the schemotic book is ossumed to be correct 0 

POWER SUPPLY AND CONTROL 

Power Supply • 0 ,. • 0 '" • II! • • • • ~ • • • ~ • • • • • • ~ • • ~ ~ If ~. • ~ • • • ~ • • ~ • • ~ • • • • • • ~ • • • • e: • • • 

Power Control ..... ~ ..•....•....... ~ .. ~ •..•........•.... ~ ~ ..•.....•... 

MODULES 

Delay 08 •• 0.0 ••• 0.~.~.,~~.~.a: ••• ~~'1! •• ~ •••••••••••••••••• ~ ••••••• ~ •••• 

Drum Sense Amplifier .•....••.••• , •• ~ .•.....••..........•...........•.. 

u nve rte rs 0 ••••• 0 0. ........ ~ .... it ~ • ~ ...... '" ,. • ~ • ~ ••• III! •• ~ ••••••••••• ~ • ~ • ~ •• ~ •• 

Diode Un it .•.. 0 • 0 • fIi •• C! •• ~ .. ! •• ,. • ~ ~ ~ ., ~ • lit " •• t!' ~ •• ! ~ •• ~ ~ ~ • ~ ••••••• ~. ~ •••••• 

Diode 

Diode 

Dfode 

.O.O."OO.OO •• O.~III! •• ~.G.~ •• ~ •• ~' •••••• 0I!'.!OO~III!t!O' •• ~.O • • 81 ••••••• 

eeooo.OIJOoo.og..O'O:O~O ••••••• CI •• O •• ~ •••• o •••• o.ooe.(lO.8 00. •••• 11; •• 

oooooaoooo.oOQOO,?-OOOQo.ooo.o •• ~'.OOCl!QOOO~~OO.OO ••• OOOOOOOO.~.C!JOOO 

Capac itor-D iade. Gates ...•..•. 0 ••••••••• 0 •• ~ ••••• 0 •• 0 0 •••• 0 0 0 0 ••••• 0 •• 

Quadrup.le FI ip-Flop •........•. , ... ~ .• 0 0 ••••••••• ~ ••••• 0 • 0 •••••••••••••• 

~oUlr-Bit Counter . 0 ••••••••••••••••••••••••••• 0 •••••••••••••••••••••••• 

D~ I a yo. • 0 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

lntegrating Single Shot ......•...•.....•................. ' ............... . 

variable Clock 

Pulse Generator .........•••....•...••..........•..................... 

Drum NRZ Writer .....•........•....•..•.............•.........•...... 

Dtum X Se !ect .OO.O~ ••••• O .......... O ••••• Q ••••••••••••••••••••••••••• 

Drl:m Y Select .o.o •••• o ••••••••••••• ~ •••••••••••••••••• o.~~ ••••••••••• 
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MODULES {continued} 

Pulse Ampl ifier ..... e •••••• e •••••••••••••••••••••••••••••••••••••••••• 

Pulse Amplifier .......•.........••..... e· ••••••••••••••••• 0 ••• 0 •••••••• 

LOGIC 

DSB j Control & Parity ...••.... 0 •••••••••••• 0 ....... ~ • 0 •.•••• 0 •••••••• 0 •• 

Drum Control .• 0 •••••••••••• 0 .......... ' •• ' •••• 0 • 0 0 ....... ~, ... ' •• 0 •••• 0 • 0 •• 0 

Drum Core Location Counter .......... '. 0· •.•..• ~ .' ••••.• ;, ....... 0' ............ ~ ..... ' •••• '. 

Drum Data Channe I .•••...•..•...•• 0 •••••••••••••••••••••••••••••••••• 

Drum Final Buffer & Data Channel ....••. ; ............................... . 

Drum Track Address Reg ister & Decoding {X & Y} ..•....•..••.•.•.•.••..... 

Drum X & Y Select and Drum Heads ..••...••..........•..•.•..•...••..•. 

Flow Diagram .....•....••.... 0 • 0 ••••••••••••••••••••••••••••••••••••• 

Tim ing Diagram ..••.•.......................••.........•...•....•.•.. 

MISCELL,A.NEOUS 

Terminal Designation Layout .•••..•.................•......•..........• 

Uti!Bzation, Module List ......•..•••.•.........•....•••...•..•..•..••.. 

Wiring Diagram (Logic) (2 sheets) .•.•.•......•......•..............•.•.• 

Wiring Schedule (Drum) ' •. 0. 0 0 •• 0 ••• 0 • 0 •••••••••••••••••••••• o •••••••• 

indicator Cable Breakout ......•.•....... 0 •••••••••••••••••••••• 0 •••••• 

Wire Run List (Cable connectors to Logic) (5 sheets) ............•.......... 

WJre Run list (Logic to Indicator Panel) (5 sheets) ....•................... 0 
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pq 
22,000 

o--------------;--------~----------~--------------------~------~--------------_+----._--~--~~~--~~------~--~__oD GNO 

014 
IN276 

D2 R5 
1N276 3,900 

5% 

I T 

i~oo ' 
T 

04 
IN276 

RIJ 
4,700 

D9 
IN276 

Rlf 
22[ 

DtO 
IN645 

011 
IN645 

012 
IN645 

013 
IN645 

~--------------~----------------------------~--------~----------~--------------~~--~-=~----~oc-15V 

UNLESS OTHERWISE I"I:)ICATEO; 

RESISTORS ARE 1/2W, 10"1. 
CAPACITC'RS A~E MMFO Delay 4301 

THIS SCHEMATIC IS FURNISHED ONLY FOR 
TEST AND MAINTENANCE PURPOSES, THE 
CIRCUITS ARE PROPRIETARY IN NA TUREAND 
SHOULD BE TREATED ACCORDINGLY, 

COPYRIGHT Lip::: 5Y )IGITAL E':;~[~MC[\;T C 

~------------------------------------~~--------------------~------------------------~-------------J10A'.I~~) 

~------~------------~~--------~~----------_+>----~>~--------------~----------~~----------~------------~~8.1~(8) 

S R3 > R6 (S ""R
600 

~ RI~ >, ~;>. RI7 ;> R&o «~, ~ S R27 :> 68.000 : 68,000 vu, ~ 33,0 0 <-v, ( VJ)OO ~ .. >_IO_, _____ < .. >10, ')68,000 

r----+--~~--~---+--_4------_+--~~--~~------~----_.--------~------------+_--~--_.----+_------~--~,<)~O~ 

K6:01 ~:04 1 ,,~ ~~ MO 114 MO 114 C7 +-_Ollll~t-°'_' +---------+------------f---1I___--~--_____1I___------I_______+ 
LA ,r 0~;01 - 0022 " 015 

o--'VR~V" 02 03 ~ ~MFO 5~ 
3,000 5'Yo D2 r;; MOl14 ~ 14 S~ 2~304 2N;304 

,~ ~ 0,;,,664 r ~ ~~\-+-_.. > RI8 

~ 0~4 .. ~, ~~ Ie ;>4,700 Cl~1 • D~~OI '>,R5 >,Rfl - I~< <~, RII 
"'-_~ - 1< 3.000 ')3.DOO C5 >1,000 
~ 5". < 5". T I50 < 5% 

< RI ~~--+--/ 
1,500 

5% 

... 03 
O{)()I 

UNLESS OTrlERWISE INDICAHC 
RES!STORS ARE 1/4 W, 10% 
CAPAC I TORS ARE MMrD 
DIODES ARE D-662 

~~04 
0-001 

RIO 
20;.000 

CW 14] 
S R7 

~15~ 

) ~ () 

07 08 
2NI305 2NI305 

< RI5 ~~19 
>I,~~O >~ 

I 

lC6 TC9 -Ice 
~1 Ti39 'T,3.9 MFO + MFO 

6 6 6 

TCKl 
>T,39 
• MFO 

6 0 
M 

~. 07 
0-001 

----< 

< 1'122 

?~~ 
6 
W 

ONE OUT 

L: TRA~SlSTOR" DIODE CONVERS10~ CHART NOH'S - -------.------ - THIS SCHE~ATIC IS Fl.;R\tISHE;) O"-tL,( FOR 

, _D1:c--~---E-IA---T-DEC--- r ErA , TEST A'<D '1AI"TE~A"'CE P~RPOSES THE 
MUtl4 I <N1499A :1 0-664 I IN91. : CIRCUITS ARE PROPRIETARY 1'< .,ATLJRf A'<D 

Li~m~ __ l ~a}f~ _____ l ______ -,-I _______________________ ---L ___ ~o_H.0_!~_~"_~_':_:_3T_:_~AT:~ •. A~~CO-:~:N~~:.".- ,. 

Integrating Single Shot 4303 
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Hoe 
0-001 

----< 

< R25 

?~~ 
0 
U 

."-ERO (JUT 

_C14 
39 

MFD 
, 01:3 @;lOV 

, 012 

" 011 

.,00 

., 09 

~ 

>~~ 
?i/}.w 

'-' C -15 



------------------....... ------,---..,.------;---.,.---------,.-----'1-,-0 O,L,Z 

CI 
.01 

MFO 

C2 
~OOO 

C4 
(- 3.9MFO 0 R 

C5 
( .39MFO OP 

C6 T 
(.027MFD ON 

C7 
( .0027MFD 0 lJ 

R5 
330 

R6 
100 

± 5% 

R7 
22 

R9 
10 

C8 
.01 

MFO 

C9 
.01 
MFD 

L----l-------------l------------------------~--------"V\f_------~--------------------~----~I\~~--~--o C-15V 

UNLE SS OTHERWISE I"'DICATED. 

RESISTORS ARE II2W, 10'l!. 

CAPACITORS ARE MMFD 

I ::::::7~::::::::::;::: I 

Variable Clock 4401 

n'lIs SCHEMATIC IS FURNISHED ONLY FOR 
TEST AND MAINTENANCE PURPOSES. THE 
CIRCUITS ARE PROPRIETARY IN NATUREAND 
SHOULD BE TREATED ACCORDINGLY. 

COPYRIGHT 1%3 BY DIGITAL EQUIPMENT CORPORATlD, 

~-----------.------------------------------------------------------------------_{)A+IOV(A) 

~-----I---------1 ....... --------------------------------------------------------_o B + 10V! B) 

M~------~~----.---------~-----------+----------------._--~----~----------------_,------------------~-oD GND 

u 

R2 
4,700 

RI5 
33 
5'1!. 

C3 
.001 
MFD 

RI7 
560 

~~c. -,I 
/I .3 + I 

F 

L 
.01 

r"L 
T·OI 

MFD 

I 

L-------------------------------------------------~----------------------------______ ~------~~C -15V 

~NLESS OTHERWISE INDICATED: 
RESISTORS ARE 112W, 10'l!. 
CAPACITORS ARE MMFO ----------------------.. • w :=. _ _ :t ~ .. _ I Z ... • ... _ ;) ~ t: .. • 

Pu Ise Generator 4410 
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THIS SCHEMATIC IS FURNISHED ONLY FOR 
TEST AND MAINTENANCE PURPOSES. THE 
CIRCUITS ARE PROPRI ETARY!N NATURE AND 
SHOULD BE TREATED ACCORDINGLY. 



OUT 
TO • HEAD 

r------------------------+--------------_1------------------------~------------------<)A+IOVIA) 

r-----r-------------------~--_1--------------~~--~------------------~----~------------<)B+IOV(B) 

R7 
* 120 

5% 
5W 

R8 
1,500 

R9 
1,500 

RIO 
i20* 
5% 
5W 

RI4 
120,000 

RI6 
IZO,ooO 

F 
IN~~~--~~~v-~-H 

C3 
2,200 I 

R~ D8 

t-t--+-JV\f\r--...----tIt---QIN 
WRITE 

I 

IN276 T 

WRITE 
·ONE" H 

~--i i---4---"'--<)IN 
·ZERO" 

INO,....-4~ __ ---'--H---... 
01 CI 1 

INZ76 47 C2 147 1 .---1 ---+1-----+-1 ~I---+-~ 07 
INZ76 

1'--------t-1-1>---J. r, ---~ -----+---_OD GNo 

f~I_~_~_O ____________________ _+.------------------------~--------------------

UNLESS OTHERWISE INDICATED: 

RESISTORS ARE 112 \It • 10% 
CAPACITORS ARE MMFo 
-SPRAGUE 453E KOOLOHM 

Drum NRZ Writer 4518 

A OUTPUT IT) BOUTPUTI-) 

THIS SCHEMATIC IS FURNISHED ONLY FOR 
TEST AND MAINTENANCE PURPOSES. THE 
CIRCUITS ARE PROPRIETARY IN NATUREAND 
SHOULD BE TREATED ACCORDINGLY. 

B OUTPUT 1+) 
qH qy )Z 

r-----------------~~----------------_1----------------~--~~----------------._----------------~~--OA+IOVIA) 

01 r-----------------r_-----------------1----------------~--._r_----------------+_----------------~~--OB+10VIB) 

OU~PUT J<>-1~2NI304 R9 zRioOo 2N~;04 ~ 
(-) !-++--+-......... ~L I 2,700 , L2 c« 112W 112W 

> A J '--.A'VV\.,........._.A'VV\.vvr~ 
IOO~~oo ~ ~ " 02 08 . ,_ 

06 
ZNI304 

RI7 
100,000 

0-007 0-007 ,. 
OZ 

r-A,\/v A'\r-+--+---+-+~ 2N 1304 R8 R II 04 , ~ 

loo%~ 3t ~:O~ ;':~OO 2N1304/ r 

A~ol 
0-007 

t?:.:./ R: :12 < < RI3 ~ 

R4 
120,000 

.A A 

4,700 < 100,000 

RI4 
100,000 
AA 

V«h R!I 
120,000 

L....-J~~A~AV---~_1...., 

2N~~05 
3,~~< 

RI5 
100,000 

< RI6 
~ 6,800 

VV 
RI9 

100,000 

vvv 
RI8 

100,000 

.p. 010 _I 'M'FO~ 
~ 0-662 !lOV 1 

~l 011 
0-007 

R20 
120,000 

AAA 

R22 
3,300 > 

R25 
2,700 
112W 
vvv 

R26 
2,700 
1/2W 

.A vv 

L4 

QIO ~ 

2~N1304 

~ 
0~6~7 " 

IW BUSS. I 
+ Fo----+--------------_+--------------------------~--------------_+_t------------_t----------------_t--------~ 

- E~o---..... --------------_+-----------------------.------------------~ 

NLESS OTHERWISE INDICATED: 
RESISTORS ARE 114 W; 10% 
OIODES AR E 0 001 
INDUCTORS ARE ESSEX RFC - L 
4700 fih 

III 

po 

07 

I '''"'' 
L.....------------r------------------------------o C -15 V 

tOl5 +0!6 ~017 6' 6 'INPUTS 

D~ 

w 

THIS SCHEMATIC IS FLJR';ISHED ONLY FOR 
TEST A\O \'AI\Tl~A~CE PlRPOSES THE 
C:RCL.::iS ARE 0ROPR:ETARY J~ ~~ATL!RE A~D 

II 
~======~I=R=S=.=45=2=1======~==~i 
-----------'-----------------'--_1 

I :. ~ , .... ,. COR ~'O R A' 0'\ • 

Drum X Select 4521 

7-11 



r-------------------~--------~~------------------~--------_.--------------------._--------._---------------1~~~IOV(A) 

B 
R3 ( ~--2----------~~--------~--~~-R-8-----------4----------~---.---------------t---------+----.------r-----~---o+IOVIB) 

120,OOO~ SI2~,Ooo R9 ( 120,000 RI5 > RI4 R21 ~ R23 < 
R4 120,000< < RIO 120,000 120,000 RI6 120,OOO~R20 1,000 ( 

'--< ~ • '0:.:00 '----< £ 'O~ .'----r-_---1~_l-ffir \~f~ I~~ ~;) 
05 .~ -Ego I O:!' .~ -E(}:~- 022 ._ fQN~~05 029 " 07\.~ 

0-662'" -:'-2C201 0 2NI305 E) 0-~62'" C~ 2NI305 L 0-662 ,,. C4 ~) 0-662 2NI3Ot' 

R25 
10,000 

0-~~2" , 0~~~2" ,. 2200 O.o62~21' ,. 2200 0~::2"2,~~Or" 
L.....- Q2 '---- Q4 '---- 06 ~ 08 V 

F ~4 ......,. 
H ~3 

.., ..... 
J ~2 .. 

,..K 2,.1 .. 

~>- • ;' ~>-, 0:' ~>-
N ~9 "T ~6 

.. R II > 0141 , - .. 

P O~O 2.200 > U 0~7 - .. .. 
011 OIB 

r-+r-- ~ 

RI7 
2,200 

,. 
023 

024 
~W .. .., ..... 

~>-~ 

~X 0~5 
.... .... 

y 0!6 

> R24 " 
>2,200 030 

.. 
027 .. .. 

~--~~--4-~~---4------4---~~---4----+-~~--~----~~---*----~---4~~----~----~----+-4----+--~GNO RI 
12,000 

R22 
6800 

> 

Zo---~--------+_--~------------~------_+--_.------~----+_--------~~~----------_r--~_r---J 

NOTE: 
RESISTOR 5 ARE 1/4 W; 10% 
CAPACITORS ARE MMFO 
DIODES ARE 0-001 

2NI3( 4 2NI304 II 
0-001 IN276 II 

-66 IN645 
II 

• R7 
~ 12,000 

NOTES 

" 019 
0-662 

" 020 0-662 

THIS SCHEMATIC IS FURNISHED ONLY FOR 
TEST AND MAINTENANCE PURPOSES THE 
CIRCUITS ARE PROPRIETA'RY IN N~URE AND 
SHOULD BE TREATED ACCORDINGLY 

COPYRIGHT 1ge3 BY DIGITAL EQUIPM£NT CORPORATION 

Drum Y Se I ect 4522 

RI9 
:> 12,000 

-15V 

!=~!~~!~~~:!:~~~!::~~~ II 
I RS-4522 I I I 

-----+-<~--...... ----------~,__--{)A + lOVIAI 
~------------~~-----------l-+--hr---------~Hr---------~f-+---h~--------+---oB +IOVIBI 

r-----;-;::,==~~c=-===-=;_;_;;_;:_-~-----------------
THIS SCHE",ATIC IS FLJR'IISHED ONLY FOR 
TEST A'ID MAI"TE'IANC~ PURPOSES THE 
CIRCUITS 4Rf PROPRIETARY '" "ATURE AND 
SHOULD BE TREATED ACCORDI"GLY 

1.r;···, .... ".",,~! NOTES 
1~:c-'..;.- ... :r ...... ~:lzlI.a:'J'_=-~ 

IRS.4604 i 9 

Pu Ise Ampl ifier 4604 
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hi ""C_B J ft-
330

_-+--_.w.oAI-_-, U ~~f-,3_30 ___ - __ ua ----, 

-I;" O~ - 'j';''' O~ 01 

- IN E ~*rl330 0-664 r-_~----------_1f_.:.0--.;::;6:.-.:'.-_+--~~----------_+--.:0=---....:;6..:..64.:..--t_~-.,...---------{)A +IOVIAl 
> 

RI2 
3.000 

5% 

nl 
1500 

5% 

RB 
1500 

• 5% 

R3 
68POO; 

DIS Jf ~56> > 024 -~20 ~ ~, ,ROO550 4P.,1}0 ., CI3F ~ 3.000> :7~ :l 01 "FD RSI ,R.05
0
1
0 4100 I 

- RI~< '.' I[_~ 01 !oj 0 'k335% II, ~ 1500 
Ko-H-~ I 50? 5%. 50-1.: >,500 -. • Yo-1\"" 15.10 5% < 011 2NI304 

C5 > RI3 5% ~32 03 CI2 R31 5% C19,( R49 1 034 
330 1500 330 '~/~,,~}704 330 < 1500 

LEVEL ~< 5°,," 2NI304 033~" '<50 (> 5% 
O '-l . 0 16 ~C14 . 02€ UNL"SS HER E IN 7 '~ 100 _.. c :JT WIS INDICATED - - i.ol C7 -" A.... C?, 

.AA ~ f1:30 ..-- 10 vv v ... ..,- M30 RE:"ISrORSARE 1/4 W 10 .... 
R14'" 330 R32> ,-[VEL IN 025 V CAP!\CITOR ARE MMFD 

100 OB" "~ 100. ~'017 N Ol~ TIN ... "" TRANSISTORS APE hlDI!4 

,-----,W .. ~ 09 LEV ¥L T'N ------<~ + I N ·l'---:.:.--:·:----;:-: --:-_-:.:,:-_;----_"':".:,-_:-_;--' -,-.:."':".:.:-.:.:-_.,---,-_-_-_~.:. --=':-_:-_-;1 W 027 DIODE S ARE 0 -00 I 

:--TRANSISTOR & DIODE CO~,VLRSION cfiART 
1 - --- O~C-- -~~_l!~==r~C--=:(~~ 

~-- : ?N149!1 A 
.- 0-664 i- INgl" I 

2NI304 i 2NI304 =1r------'-----2NI309 i 2NI309 

THIS SCHEMATIC IS FURNISHED ONLY FOR 
TEST AND MAINTENANCE PURPOSES THE 
CIRCUITS ARE PROPRIETARY IN NATURE AND 
SHOULD BE TREATED ACCORDINGLY 

·OPYR'GH11963 By DIG~TAl l"QUi"Mi N' CORP()RATION 

11
-··' I I I I I I I I. I 1'1'1 I I I I. I ,i 
1'""'-'[;''''''''1'; I 

---~-------------------------~ 
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DSB INDICATORS ( ABC D E F H J K M N P R S T ,U V .W 
A~5 ~--------r--------r----------~------~--------~-------+----------~--------r--------r--------+---------~--------~--------r-------~----------+_I-------+------'.~;~ 

I 

ALL RE 51 STORS ARE 3_ 3K --

C82 iL' rE~ ______ +F~ ______ +H __________ ~J ______ ~~K ______ ~~L ______ -1_M __________ rN ________ +,P ________ + __ R ______ ~S--------~rT--------+U~------+.v--------+W----------~.-X------~-y----__ -+Z~ 

I t 
I F H J K L M N P R S T + Y ~Z I -15'1' 

062 YrIE~----~I~-----+~------~------TI~-----r~----~------~r-----~i~-----+~----~~------~----__ +u~ ____ ~I~v------+w~------~I~x~----~-------~ J3.~~ 

w Z w Z S V S IV L N L IN E K E 11<. W Z w Z S V 5 Iv L N L j'N E K E -K W Z W Z 5 V 5 Iv L N L N EKE K W Z W Z S V S V L N LJN E K E jK W Z w iz 5 V 5 IV L N Ln;lEIK E~I 
X 1PDS-B~ i8u;B:~ ~DSBI~ ~OSB2' X f80SB ~ [t>OSB4<'11 ~OO()SB~" ~DSB6~1 X foDSB7~ ItJDsa~ ~OSB~ ~OSB1J' X r30SB,~ raDSBl~ ItSosB,11 roDSBI~ X JtgDSBJ~ roDSBI~ r~OS81~ i rtB~~ 

R'~-"'l">--oEll9-----al:-3+--ffl'l---fEJ:-l-+--el'T---EEbH-----al3--EEbl R ~.l, J:;-- 1 ,.t- 1 .t- 1 j:; ~ -L 1:- 1 _~ 1 ..t ~ .t ,:..:..R~-">--D-rlEa----l'.t-::S-~+--E.L'I--I.t-:::a-t-----t=El:l--..t-~ __ t;3-l,-!.t-=I'3 R¢ J., b 1, b 1 b! 1 ~ I OSB CLEAR 

!,"VV
1 

T f 91 ~ 91 11 l ~Iv 1 ~ 91 f 9 7 ~ ~ -7? y ~ f f ~ r fl ~ frY Y y f fF ~ f Y I y 7

i
' Y f'l i ~F ) ~I I 0 I Ie roo II 0 lOr 0 I 0 I 0 I & I 0 I 0 , 0 I I 0 I, 

OSB)S OSB~ DS8~DS8: DSB~D58~lDSB~DSB~, DSB~ .DSB,~ DSB5OSBsDS86DSB6DS810SB~ 058 a OSBs OS8 9 OSB 9 OSBIoDSB1CDSBII05Blli DSB I2 DSB I D5813 05B I3 05B14 [J;B 14 OSBI50SBI~ 05816 DSB 1 DSBI7OSBI,OS8sD58S!:IIDI~~~LE 

SHIFT---~i--------+--------+--------+-------~~--------~--------r--------r------~~---------+--------+--------+--------~----------~-------+--------+_------~ 

4216 ~ -1 f~et=r--------it:ETI--4-2-16--ti9-I"--~~ p. ~ T 4216 i 'H p~: ~ 4216 ~ -i ~ +1 t; 4

0

2

0

lG

7 

til t I 
DO' DF: OF k _I DF\ OF J 004 OF; 0' ~ DF ~ DF~ 005 OF: DF,~ OF,', OF:, 006 OF,', OF,'. OF" OF" DFlll' 

P_t. 1 

D5BOF1~JS8------L-----------------------------------~------------------------------------~------------------------------------~~------------------------------------~ 

~
'A H SHIFT 

I ..; , 

I-( C58 
; INITiAL 
I ,L CONO.t 

'O\'criFLOWG lJ.Js 

~ 10K 

~ EXT 

4112 
COG 

4606 
EIO 

p 

~
'A OS8 DF1-D5B 

2 R 

S Z V n 
---T ~lrsB ; WRIT E CLEAR 

~AL rf COND·tl,us 
+ IOv(e READ/WRITE BUS 

GRN, RED 
6.2K 

E 

4604 
002 

4604 
002 

14102R 
! c04 DOC C LEA R 1---t=<>L---'--'-..I.l.!.l'-,-l--+------..J.......;=.:.,r-:-:T'--------,O,-+-.J.-l,..:..:.:.=.:..I-J-+-------L-..~~ 

DSB 
DISABLE 

TAKE WORD 

OS B?2 --=-U~.......(;)Lr:! 
D5BR 

OSBI~ 
05B~ X 

DSB~ 
DSB~ I 

4110 I' 

C07 

~~:lrL .I~. 
DSB~ /wi 

DSa~ 
OSB~ p 

WRITE' 

41,0 
Coe 

TAKE WORD 

IOT6104 

S 

READ 

4[')7 

:01 

OVERFLOW' 

4127 
008 

4604 
002 

~r-------~~~---~----~~--------+-~~~--~----l 
F I READ R 

42~17''''''' G,09~\' 
10-( " 'l 
6201l U W 

lOT V 
6102 

K :l4~::A::~: 
4127 DSB

S

I M 
DOB 

DSB l-J N 
INITAL . READ 
COND 
WRITE~l~ 
DSBI~ o _ 

4112R 
DIS 

4-127 
008 

z 

4110 1ST ROBE 
COS I 

" I, :: : 1537 
L __ ,---'L-----' E24 

41lD2R 
el2 

4604 
DI2 

---.., 
WRITE:';DATAo 

4115 
010 

ACT -'-..--KH 

WRITE -'-"""ot--.-+O--I 

osa 
INITIAL 
CONO.+ 
1.us 

J 

K 

READ 

-15 ~' 

4127 
COl 

E 

3,3K 
RIO-+DI--'-<~-WRITE DA TA 1 

H 

F 



Drum Control 
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IOT6102~ 
DOC CLEAR~ T 

(DRUM '\ 
JI \CA8INE"U 

·-· .. r.~PED 
!Zd-WHITE rc~ACK 
l'9~BLA(K 
121 L SHIELD 1 
I I \ I IGK 
,J -=-

882 

~ 
~ 

lOT 6i04~X T U 
6Z 

82JL 
TERM 4301 

011 

+IOV(B) 

(62 

PAR ERRCR 0 

4401 
CI3 

4115.=1 i 
COG 

57AR' -:{ 

TRA 

411:2~ 
017 

DONi 

4127 
C03 

ACT 

y 

ACT 

4606 
001 

CONNECTOR 
F2 

~ 
I 

4102R 
~04 

TRANSFER 
REQUEST 

(TRA) 

TRANSFER 
DONE 
(FLAG) 

K 

INDicA;'-OR ( 
AOI 

882 I 

C G2 ! 

DONE START 

,A 8 TC ) 

! I 

H J K ~ 

3.3K 3.3K 3.3K 

H 
,J jK I I 
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50 PIN 

50 PiN 
F 

AMPH rr------------------------~, AMPH r~----------------------------------------------------------------------------------------------------------------------------------------~ 23 24 :.v ~ .67 36 39 T4 0 41 42 43 44 45 46 T47 48 49 
-2 

E70 ( 1-:1 J 

AL L ;::;'ESISTORS 
ARE 820 OHMS 0909=== lJ 

. I 
Del INDICATOR 

:.0 ~;ft I 
r" 90 i-J 
'-- \. " 

!O 

J 

ALL RESISTORS ARE 3.3K..;. I 
070 C '--'H ~J 

I I 
H K H II<; ~p M it: 

Ejt°DGt..~1 t30CL'\~ 
fJ ~ -

DCl CLEAR 

JOT GCG4 
FJ.., _co ... 

L R 

I 

F-I 

K l M 

tK l M 
r 

I I 
E ,F --t 

i H 

I I 
K , Jol I M 

I 

r , 
i i 

I 

L...K L-" L L..M 

I 
Slu 5 U --;lv w Iy Iwly W V ! 

r8
OCL 4

' 
]'3Dcl5O~1 • E j8DcL~I~ 1 ! 

i 

~ T 'LL tW-J - - -
F_r-.. ~ 

v 

JZ 4217 V Z 
Oi3 

I i 

I I I IAC8~ I 1 
lAC6~ A(B~ ACB ~ !.4C8 E 

AMPH, ( .3 1.4 
F-2 

50 PIN 

IOT6OC2~ L 
g~ Del CLEAR c>OCLf'1 

P R REOtJ~ST S IT 

4604 ANSWERED~ 
DI2 

4102R 
(12 

.5 b .7· 

N +p R 5 T U V W ,x y z ) 

~ 
N P R S T U V W X y Z ) 

J K M I~ P R ~S 
I 

T 11 ,V w) 
! I I I I 

N P R S T U I V w X 4Y I Z ) , 

i I I 
: l I 

~N ,--<p L. R LS ,----<T L,U '--4 V '----<W ---<X ---<V YZ) 

I I I 
I I I I I I 

5 U 5 iu "M!p M P "HlK H K IHlK H K IMlp M P Islu s lu Iwlv w Iy I"WJv W IV IsL s iu "M/P M lP j-HlK H iK r8 0CL 7<:1' r80CLR~' r8DCL~~' E .r3DCll~" rcrDCLI~'1 r3DCLI~; r8DCLI~1 E rJOCLI~ raDCLI~ ,t8DCl I~~ I r8DCL_~ 
~ i4- LL tL lli il. a-. ~ tL ~ ~ tL ~ I-- r--- - - r-- t-- ----.J -FJ-., ~ r- r-' 

) ) 
'V v 

) 
V 4217 R L L R 4217 V Z Z V 4217 R L 

014 015 Dlb }20 
I TERM -::-

iAC8 1\ ACB ~ ACB ~ ACB ~ ACB I6 AC8 1
1
Z ACB I~ ACB 114 ACB 115 ACB if; ACB 1 

8 9 10 " ~12 r3 14 15 -IG 17 18 

DCl +1 

I 
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~--I----4-----.-:n'K-:6-Ai:"'---+--~-:-+--1~3---t+-d w:}nmEsH: +-. !~-~ TUU~ 
~___4_-----+----..Io~--__+_--+--~4 ;! B - --------.L __ .llEMO'J.'E TUlUi D 

v 16 15 I l 4] .1 .. _. , .. -----J-
R 17 16 i GRY/B ~'l'W]1» RnQV I 4L _llA'rA REO ANS i 

1--~---~-----.-:-~~~~L~~~rl-8~tAC~BI:l~.7~~~~DC~~:L-,1~~i,----/r~-_+~DO_LM~ ___ ~il 4_3~I_B~E~G~I~N_~1 
~OA.? 19 I DRUM FLAG' C11X I 44 i .TllL : 

20 I 'I' 45 I' I' D17Z DEO.DEO ROQU IOIl'_ 6002 I 

21 n ...... - I, 46 I .. _ ''',..11 II I--~ ____ ~ ___ C~~ _~--r-~n-~~~A~R~tRO~*--~~--~~U~.~~iF~--~--~L~.'~~r~ft.u~u~~ 
C04N 22 DATA :IN n1 .,.... 47 1 ,.tvft ~I 

48 1 .~. 
E70'R 23 DeL 2 n1lv :IO'I' . ..Al 

E70J 24 Del. 3 ~RV 1t'.'K/rrw'~ COfiY 49 i IO'l'A2fi4. 

E70X 25 IDCL4 -+ MA4 RT.A~J GND LUG 50 j GND 

Ann. Mu'lAn 5-1-63 momoomD TIT
5
LE
O PIN AMPHENOL 

CHECKW,."'/ / 1- _ 
AL,,- /u~-J-"a;) j- ;-·6.) E QUI P MEN T 

ENG., .. -- ~. 'j" .'_r' ,_ - .,/'.> CORPORATION l I " -- MAYNARD MASSACHUSETTS 

DRAWN 

SERIAL DRUM 24 

I I "II I ! j' 1,1 I I ~ i 
F2 

DRUM SIDE I 
I I iii I I "" I 

I
, ! ~ fT1 DWG NO 

i !,:;!8 A-24614 

I I I I I II I II I I I I I I I I ~ ~ I SHEET 2 
OF 5 

~ 
leE I 

Wire Run List (Cable connectors to Logic) 
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JACK [i] PLUG D LOCATION, LENGTH, ROUTE 

F-6 
FEMALE [!] MALED 

i 

COLOR PIN PIN NAME COLOR PIN PIN I NAMt. 

1 

2 

3 

4 

5 

I~ 
I GREEN I E16 Z 

I~ 

II::' I 

iRED "iJ y i ..L..L X5 i I i~ R 
137 I 

1:2 i 
11';1I'.U'I:N 

.... 
112 I ! ,. 

El7 Z X5 Ell V Y3 
I 

! I I 

I RED It.8 3 13 x6 i £:.2 E 38 Y4 
-- I' H 14 X6 I I ~ L 39 Y5 J ( ;11' KtI'N 

X3 

136 I 

15 X7 
! 40 I I RED !~ Y I ~ R Y6 

1---,-,· "' 16 ! i I 
.... 

i 41 ! 
.... KKtt;N E: .8 2 X7 E12 V i Y7 I 

!1tEIl E:.9.J I 17 1 no 11 I 
E:.3 E 142 i ylO I 

II I I 

-, I' H 18 xlO ! I I 1\ t 43 Yl1 
! 

.... K1!.l'.;.N I 

RED Y 19 yll ! It 44 Y12 

'" 
, 

20 I ,~ ~3 V ,45 1 y13 I GKKKN E .9 2 xl1 

SPARE 21 I 
IrA. R 46 I vlla. 

RED E20 J 22 X12 )~ t 47 I VIS 

l:iK~KN I~ H 23 xl2 'R 48 vI6 
RED Y 24 X13 ~ ~4 v 49 v17 , 

25 
~, 

50 ~"''''''II.~ R 202 X13 'RT"ACI GND LUG mm 
DRAWN momoomo 50 PIN AMPHENOL ADDe MulleD 3/13/63 
C~_CKE~,/'?,/.. ~j S"- /- 63 TITLE SERIAL DRUM 24 2. L':r~',d~;,{;" EQUIPMENT 
ENG/" .-' " , / 

.. CORPORATION HEAD SELECTION 
-, r , - ".---.... .- ,I . ':~":""" ,.~.-/ MAYNARD. MASSACHUSETTS 

I 
NOTE: RED & GREEN ARE 

l> TWISTED PAIR. 'lJ 
~ 
< j 

I 1 l 

I 
.--

I REV LTR·I I 
:::Orn 

DWG NA - 24614 rn(') 
:<9 
'2 
-10 
~, SHEET 3 

Wire Run List {Cable connectors to Logic} 
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r--l II I Qf"hTI(,H\1 I r:Nr:':Tl-I P()IITI=" JACK U PLUG ~ L- \.J'-'. lVI', I-L-I UIII, I''-''-'I~ 

I 
Jl, Drum cabinet, To Logic ! 

FEMALE D MALE~ J 
COLOR PIN PIN NAME COLOR 

, 
PIN PIN i NAME I 

i 

1 I RED E25H 26 ! START ! 
I 27 I ----; 

NOTE I 2 'BTACK E25E I I c. TAP : 
i 

TNT'I'i ~LLY WIRE 3 I I 
li!'2c\JI' 

! 28 I 

... ~ 
I 

Wt-l '1"1'; 

1

29
1 

I t"T .lV"W -_ .. -.. 1. ~IHS lS _4 
SHIEI.D E25n 

....... I 

5 .- ') f'"\ ' 1 
21 THEN !ftJl.'D12IQ AS "Y I I 

6 SPARE M.C tlcx TRACK. 31 I . 
ALW.A rs TN'~Trr.~TE I! t2~ ,32 i ! , 

lifNl'Rt 8 I I ! 33 i I 
PLUG ~ Q~ Jl Mt si. I I 34 : I I 

-10 
! 

I 
1

35 
i START I NOT BE • J!i.J.I WH.LJ. l.ti BED- :::: 11 BLACK W I WI Nl~" ~6 i J::_a . .DP----i 

I 

12 
Wt-l 't!; li!'2~. 37 ! 

... NJ~ft 

13 
~HTRT .. n E25D 38 I Gl'."'D .. I 

14 I I~ 39 ! ~ 
15 I 

-v 40 : 
!"Iill~.tt,; ~T, rv.w TRACK 

16 I I 41 ! 

17 i I 142 i 

RED E25H 18 START .RED. E25R 143 i START 

UT.D.t"-y F.2'iF. 19 C .. TAP RTACK E25E 44 I C. TAP 

I 120 i' 45 1 .E.25F FINl.~.ti 
II 

W.HiT~ E25JP 1!"1 N .~ft 

~ J:lT JI!T .n E25D 
I 21 GND...:...J lL ~J:lTF.T.n F.2Sn 46 ! GND 1 J 

t'-.. 22 i\" 47 ...,.,-/ I - j , ~ 

48 I ,.., ,."..V' .-.. -.l 23 
~J).ARF. ,.r. nrK' '!'RACK 

24 49 , I 
25 50 I 

DRAWN momoomo \T1T:EO PIN AMPHENOL I Anna M1.11'~n .5-1-63 

CHECKEA{ ~ ~L:: - , 
I 

_ ~t- ; ,,-,: ... j -S-<"3 E QUI P MEN T SERIAL DRUM 24 
ENG -I. / 'I. .. .,.,. ;' 

r . " 

I 
i 

I I 
I 
I 

I I 

i 

I 
I I i i I i I 
I I I I I I 

< .,/' , 'i· CORPORATION 
• _ .f','- --- ....... MAYNARD. MASSACHUSETTS 

CLOCK TRACK 

I 
I I I 

i 

I I 
I 

I » 
I ""0 I ""0 

I I I < 

::01"Tl DWG NO 

I ~ n, A -24614 I' 0 I 
1 i i I I I I I I Is :z 1 

I I I I I I I I I I l?ti 9 I SHEET 4 OF 

Wire Run List {Cable connectors to Logic} 
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COLOR 

II 

NAME PIN 

B~ 
;~~OT-O E15L 

~ REMARKS PIN 

FLO SW a NORM. PEn 
I 

1------1~----"*-----L---+__~~~ ----f----____ l---.~ Each switch 

1---j~----"*-----'---+__-~------_+_-------j.oCkS out (16X po~i-
I I 

3 ~ions J K (256 worjis) 

~~~-~----~~-~~~~---_+_----~----- ~~ I 

I I II 
12 E20L 12 

13 E20U 13 
I 14 E2l! ! 14 

15 j R21U 1 1~ I 
16 I R22T, : 1ft I 

"II"" I'~' 

I FLO SW 17 N(,)RM ! OPEN BLUE FIELD 17 E22U 

11 WK1"l.',t51 ! i 
BLUIwm EIOS ' ALL FLO SW N(,)RM ("T.n~1O!n 

!' I 

i MAIN'!' a SW NORM WJ:1J."l.·.t!i II DCT (pl4'O.m?O\ I DOIZ OPEN 
i ! 

IVrt 'lS I DCT I PEO. n~Ol DISD ' MAIM"I' SW (Y')M 

II ! 
I I 

RED~t 
.t!OMlJ:!iR SW 

POWER.em 825/TBl-2 COM ON 

J POWER SW 
POWF.R nN A.,c:;./'I''Rl_l T.fV'IaT, ntJ -

DRAWN mDmDOmO GENERAL WIRING SHEET 
Anne MulYen 5-2-63 

CHECKE~ ft...~~.~-~.,-. TITI E 
#' 'Ir. ~ _. -"~U EO U I PM E N,T SERIAL DRUM 24 

ENG . .:;-;7 .r 
"!",,.-f'~: --

----. 
.' 

:- CORPORATION 
MAYNARO,~AS5ACHUSETTS 

FIELD LOCI( OUT 
» 
-0 

SWITCH PANEL -0 
<: 

:::OfTl DWG NO 
fTl(') A-24614 :<9 

'z ._-
-'0 ?J. SHEET 5 OF 5 

Wire Run List {Cable connectors to Logic} 
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REV.lTR. 

CODE 

CL 

! 
j 
1 

I 
J 
I 

! 
I 
J 
J 
I 

! 

I 



II I (\{"J\TI(\~I 

I JACK LIJ PLUG LJ LV\JnIIVI~, LLI~\..lIII, I\VVIL ~ 

3l" LONG lAOl 
! 

FEMALE [!] MALE 0 I 
! 
I 

1 t:'~Ir'TLJ D(\I ITt:' 

COLOR PIN PIN NAME REMARKS 

I 

I W/Btx (X) I B82H A ITRA I 'PT.lTr. lT~1n) Tn r:nNNIU or I 

W/BRN (Z) BS2J B ACT THIS CA'RT.F. T~ A 10 
; 

W/R.ED (R) B82R C iFLAG PTN AM~HN'l\Ir1l 

w/oRN (0) B82L D uV~KJrLOW 

W/yFJ.. (y) B8lM E tlt.:( III KS '1 

W/GRN tN) B82N F PARITY F.'RRO'R 

tJJ~LU fln B82P H DATA. ERROR 

E29/6t l( -15V ' BLUE ARE TO BE ANn 

E29J1SR L GlID. 
BLACK 53" LONG 'ftoi'O 

II' 

~ 
0 
I-i 

c::: 
~ 
~ 

! 

I 
i 

, 1 
I I 

,1/ : 
DRAWN 

momoomo ! TI~L~ P" Ldv1~' i ~ ;, i ( I 
Anne ~111 pn 3/12/63 

I,. i i 1 ! \" ;' \. _ . t L 

CHECKr~ I /;£ :jvtLL~-" - '- SERIAL DRm! 24 I Ii "/f/~tj' .'.J.,; S - '~-(:. EQUIPMENT I 
I ENG r~ /- CORPORATION I CONTROL LOGIC TO IND 
I MAYNARD,MASSACHUSETTS i 

PANEL 

I I I 
I 

I I I I I I I I 
I 

::l> 

I I -u 
-u 

I I I -< I 
I 

I I I I :0 J"T1 DWG NO REV. LTR. 

I i I i 
i ;2 8 A -2 '-l 6 17 

I I I I I I I I I I I ~ :z I 
I I I I I I I I I I I I I I 1 1 1 

I ~ 91 SHEET 1 OF 5 I EE _. --
Wire Run List (Logic to Indicator Panel) 
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JACK [i] PLUGD II LOCATlON, LENGTH, ROUTE 
MARK 

FEMALE [!] MALED 
I SO" LONG IA02 

- ~ 

COLOR PIN PIN NAME REMARKS 

WI BLK (X) A 

WI BRN (Z) B 

WIRED (R) C 

W/ORN (0) D 

I W/YEL (Y) E I 
W/GRN (N) 

~Rli" 
F 

n'I'R '0 -
WI BLU (B) C981P H nTR '1 

I ~ I 
WHT (W) L 

WI BLK (X) C98K M DTR :4 
W/BRN (Z) C98L N DTR 5 
WIRED (R) (!QRM P nTR in I 

1 W/ORN (0) R i DTIl t7 i I 

e9aN \ 
j i I 

W/YEL (Y) I l s [ ! 
I I I 

W/GRN (N) [ T I I ! 

WI BLU (B) I U I I I 
I I I I 

I I I 
W/VIO (V) BR2F 

' V 
READ I 

I 

W/GRY (G) 
B82E W I WJol 'ft: 

WHT (W) X I 

BtUE "'" 
E2911 lt Y -15 ANn \.. 

BLK J E29J14lt Z GND '1'{JP 

DRAWN 

~D~DDmD 22 PIN AMPHENOL /J MttA-lIt.dh.b..J j ... ~ ,&~. 
'drECKE2) . - ,fll. .:f r .- TITLE SERIAL DRUM 24 

" J ,:r ii< "", . --~~>;, EQUIPMENT 

ENG~ --V .,..- CORPORATION 
DRUM TRACK ADDRESS TO ... - .. ~. ,,-' ~ . ,-

~ - /-, :'-/ / - .::':' MAYNARD,MASSACHUSETTS 

IND PANEL 
:l> 
'lJ 
-cr 
<2 

;tJrTl DWG NO REV. LTR. 
rTlo A -24617 :<9 
'z 
?39 SHEET 2 OF 5 EL 

--

Wire Run List (Logic to Indicator Panel) 
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r---1 II I "r- hTf",... I r"Ir-TII n"IITC 

I JACK L!J PLUG U LVvt'\ IIVI,., LCI,.\..] In, I"\VU I C 

I I 44" LONG I I 
FEMALE [!] MALE 0 I 

COLOR PIN PIN NAME REMARKS 

DN;:~-~-:-~:~I~I------~I~~~------------------~--------------~--~ , W/ RED (R) I CgOH om, ~ C 

W/ORN (0) I C9O.]' 0 
DCL 3 

W/YEL (Y) C90K E DCL 4 
W/GRN (N) C90L F DCL 5 -,-

W/ BLU (B) C90M H DCL 6 
, W/VIO (V) COON J net 7 

W/GRY (G) r.OO'P K 
nr.T, i ---

WHT (W) L 

W/ BLK (X) C90R M DCL6 
W/ BRN (Z) egos N ncr. 10 
W/RED (R) C9O! P DCL 11 
W/ORN (0) 

C90~ R DCL 12 
W/YEL (Y) C90V S ncr. 13 
W/GRN (N) C90w T Del. 14 

I W/ BLU (B) C90x U DCT~ 1.5 
I W/VIO (V) COOV V nr.T. 16 I 

r W/GRY (G) 
C907. W 

DCT l' WHT (W) X 

BLUE 1 
ANn ... E29/SR Y -15V 

I Mel{ j E291J..1.R Z GND 

!DRAWN ~ 
I f2.21/ uLe~" \1-- 'l ... ~!; mOmDDmO I 22 PIN AMPHENOL 

•• ., I TITLE SERIAL DRUM TYPE 24 CHECK~ ~.t~4 k ""#1/'" ,t~ , 

ENG ~~.I 
I - --..... - . 

I I I I 
I I I I 

;"' .)""-b 3 EQUIPMENT I 
I CORPORATION I CORE LOCATION REGISTOR ~ 

I, "I MAYNARD, MA55ACHUSE T T5 I 

I I I I I I ~ I 
I < I 

TO INn PA.~EL 

::0 rn DWG NO REV. LTR. 

~ 8 A-24617 
I ~ ~ ~I __________________ ~=_;::__ 

::0 9 SHEET 3 OF 5 

Wire Run List (Logic to Indicator Panel) 
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I 
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I 
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I 
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JACK [!J 

FEMALE [!] 

COLOR 

PLUG 0 
MALE 0 

PIN PIN 

LOCATION, LENGTH, ROUTE 

38" LONG 

NAME 

W / BLK (X) ca2E A DSB b 

MARK 

lAO!> 

REMARKS 

W / BRN (Z) C82F B DSB 1 
~ .. - .... -----+l~~--_+_-f__--...~-----_+----------___; 

Wj RED (R) C82H C DSB 2 

WHT (W) 1 L 
-

WI BLK (X) C82R 'M 
nRB .~ _ ... 

WjBRN (Z) C82s N 
n~'R 10 

Wj RED (R) ca2T p 
nSB 11 

WjORN (0) I R 
I 

C82li ns'R 12 
WjYEL (Y) C82V ! s 1 nSB 13 
WjGRN (N) C82W T DSB 14 -

Wj BLU (B) 
CB2X U DR'S 15 

WjVIO (V) C82Y V ns'R 16 
WjGRY (G) 

C82Z W 1 
DSB 17 

WHT (W) X 
BLUE ~ 

E29/9R 
Y 

-15V ANn "" 
~CK E29/12R Z GND 

!~, ~DmDDmD 22 PIN AMPHENOL ~hJ~~6-~j 
CHECKED~~ ! ! )" - J -I::.: TITLE 

. '#I,.y/#* EQUIPMENT SERIAL DRUM 24 
ENG 

., 
CORPORATION 
MAYNARD. MASSACHUSETTS SERIAL BUFFER REGISTER 

» TO IND PANEL 
"'U 
"'U 

-< 

I 

::Om DWG NO REV.LTR. 
m(') A-24617 :<9 

'z "';0 EL ;:0. SHEET 4 OF 5 

Wire Run List (Logic to Indicator Panel) 
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Ii 

JACK [!] PLUGD LOCATION, LENGTH, ROUTE MARK 
44" LONG tA04 

FEMALE ~ MALED 

I 
COLOR PIN PIN NAME REMARKS i 

! 
I W/ BLK (X) D82E A DFB A 
~/BRN (Z) D82P B DFB 1 
i W/ RED (R) D8_2H C DP'B 2 
I W/ORN (0) D82J' D DFB 3 I 

I W/YEL (Y) D82K E DFB 4 
I W/GRN (N) D82L F DFB 5 
I W/ BLU (B) n82M H DR 6 

W/VIO (V) n82N J DFB 7 
W/GRY (G) n82p K 

DlPB ~ 
WHT (W) L 

WI BLK (X) D8211 M DR i 
WI BRN (Z) D82s N DFB 16 
w/ RED (R) n82T P DFB it 
W/ORN (0) n82U R DlPB 12 

I W/YEL (Y) D82y S DFB 13 
I W/GRN (N) n82tJ T 

DJP'R 1" 
i W/ BLU (B) D82X U DO_15 
t W/VIO (V) D82Y V DPB 16 
I W/GRY (G) D82z W .DrB II I 

WHT (W) X 

BLUE 1 
ANn ~ E29/10R Y -15 

~K) E29./11R Z GND 

l~ momoomo I TI':E2 PIN AMPHENOL 1fI{I-.. (~ ~J- ,-~~ 
CHECKE~~L~~ -: -:: j -6- EQUIPMENT ~SE1UALDRUM24 I .~ : .." -,.",..,. ~ ..,J .. 

CORPORATION I IENG / ./; I ' ~',""" .. . . >. I 
MAYNARD. MASSACHUSETTS , FINAL BUFFER TO IND 

l> 
'"0 
~ I 
< 

::0 rn DWG NO 

PANEL 

I I I I I I I I I I I I I I I I I~~I A-24617 
?J 9 SHEET 5 OF 5 

Wire Run List (Logic to Indicator Panel) 
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I 

I 
l 

I 



APPENDIX 1 

TELEPRINTER SUBROUTINES 

The diagnostic test given as a corrective maintenance tool in Section 6 is for use with a PDP-4 

computer which has the following standard subroutines stored in core memory. The routines al­

low automatic printing of test results on the Type 65 Printer-Keyboard. These routines are pre­

sented here to allow generation of a binary tape to store them in the PDP-4,if they are not pre­

sent, or to allow comparison to determine the extent of modifications required in the diagnostic 

program to allow it to function with existing subroutines. 

Iteletype subroutines, octal and decimal fractional prints. 

Iturns interrupt off 

loctal print, with zero suppression 

Iformat 

I 
I 

octal 

twordz=ims . 

lac wd 

twordz 

n 

o 
dac dcpnum 

lac (sza) 

dac twordz+17-jms 

lac i twordz-lms 

cma 

dac dcpcnt 

isz dcpcnt 

isz twordz-jms 

lac dcpnum 

rt! 

ral 

Al-l 

In;::number of digits to print from 

left end of word, 



/octal print, no zero suppression 

/format same as twordz 

tword=jms . 

/table for octal to decimal conversion 

decimal 

dcptab, 

octal 

/teletype output package 0-1 9-26-62 

dac dcpnum 

ral 

and (7) 

sza /modified 

imp twordz+25-jms 

isz dcpcnt 

imp twordz+ 11-ims 

tdigit 

imp i twordz-ims 

dac dcpdTg 

lac (imp twordz+31-ims) 

dac twordz+ 17-jms 

lac dcpdig 

tdigit 

isz dcpcnt 

imp twordz+ll-ims 

imp i twordz-ims 

o 
dac dcpnum 

lac tword-ims 

dac twordz-ims 

lac (imp twordz+31-jms) 

imp twordz+3-jms 

100000 10000 1000 

Al,..,2 

100 10 



ext=jmp i-jms ttab= 10 

/type 1 character from AC bits 12-17 

ty l=jms 

o 
rar 

jms ty 1a 

ext ty 1 

/type 1 character (5 bit), Link indicates case 

ty1a, 

ty2, 

o 
doc temy 

and (37 

sna 

jmp ty2 

lac ocl 

spl 

lac ocu 

sad ocs 

jmp . 3 

jms oty 

dac ocs 

lac temy 

jms oty 

isz tbc 

lac temy 

jmp i ty 1a 

/type 3 characters from AC 0-5, 6-11, 12-17 respectively 

ty3=jms 

o 
jms r16 

jms ty1a 

Al-3 



/type a carriage return, and I ine feed 

tcr=jms 

/teletype output package - page 2 

/type a space 

tsp=jms 

/type a tabulation 

tyt=jms 

tab=tyt 

jms r 16 

jms ty 1a 

jms r 16 

jms ty 1a 

ext ty3 

o 
law 2 

jms oty 

law 10 

jms oty 

dzm tbc 

ext tcr 

o 
law 4 

jms oty 

isz tbc 

ext tsp 

o 
lac tbc 

add (lOoottab- 1 

sma 

Al-4 



/typewriter initialize 

tin=ims . 

/type the digit in the AC 

tdigit=jms . 

/teletype output package"" page 3 

/type a string of characters 

tsr=ims • 

add (1 

sma 

lac (-ttab-1 

add (-1 

doc tern 

tsp 

isz tem 

imp. -2 

ext tyt 

o 
lac ocl 

doc ocs 

jms oty 

tcr 

ext tin 

o 
and (17 

add (lac net 

doc. 

xx 

ty1 

ext tdigit 

o 

Al-5 



doc temyl 

lac (imp tsr 1 

doc tyla 4 

lac i temyl 

ty3 

isz terny 1 

imp. -3 

tsr 1, lac (imp ty2 

doc tyla 4 

lac temyl 

ext tsr 

/output one five bit character 

oty, 0 

iof 

doc tword-jms /save 

law /counter 

dacrl6 

lac tword-ims 

tsf 

skp 

imp .+3 

isz rl6 

imp .-4 

tis 

imp i oty 

/rotate left 6 

rl6, 0 

rtl 

rtl 

ttl 

imp i r16 

Al-6 



/table of digits 

net, 

/ case storage 

ocu, 

oel, 

/decimal fractional print subroutine 

fuses teletype output package 

/suppresses unnecessary zeros 

/format 

/ 
/ 
decfr=ims 

33 73 

25 3 

31 7 

33 

37 

o 

lac number 

decfr 

x 

o 
smaVccl 

cmaVcl1 

doc dcpnum 

law char r 

szl 

law char r-

ty1 

63 

53 

lac (add dcptab) 

doc decfrl+2 

lam -5 

doc dcpcnt 

lac i decfr-ims 

isz decfr-ims 

add .... 4 

doc dcpcn1 

Al-7 

41 

71 

/number of decimal places (0-6) 

/make word negative 

/space 

/minus 

/-5 



sma 

imp decfr6 /write initial zero 

lac (sza) 

doc decfr2 

dzm dcpdTg /value counter 

lac dcpnum 

imp .+3 

decfr1, doc dcpnum 

isz dcpdig 

add dcptab /modified 

spa 

imp decfr1 

isz decfr1+2 

lac dcpdig 

decfr2, sza /modified to imp decfr3 

imp decfr3 

isz dcpen 1 

imp decfr5 

ele 

doc depen 1 

cia 

deefr3, tdigit 

isz depent 

skp 

imp i deefr-ims 

deefr4, lac deefr2+ 1 

isz depen 1 

imp deefr 1-4 

law char r. /period 

ty1 

imp deefr4 

decfr5, isz dcpcnt 

Al-8 



decfr6, 

start 

imp decfrl-2 

tdigit 

imp i decfr-ims 

cia 

tdigit 

imp decfr4+3 

Al-9 

/should never reach here 
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