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PREFACE

This Engineering Manual is a working paper which has been prepared
by the personnel of the Machine Development Unit of the Institute for
Numerical Analysis in order to have available in convenient form pertinent
information for the staff's own use. In this way the results of research
of general interest carried on by any member of the group, as well as
other useful information, is made available to all the staff. The present
manual is incomplete; additional material will be issued as it becomes
available.

Naturally not all the pages to be inserted in this manual will be
issued at once. New chapters will be added as information becomes avail-
able. In some cases new pages may be issued to replace existing ones.
Because of these facts a flexible mumbering system has been adopted for
use in this manual. In the upper right hand corner of each page will be
found a number as, for example, A 3.1-l. The letter designates the Part
of the manual in which the material is comtained. In this instance the
material is located in Part A, General Information. The first number to
the left designates Chapter. In the example given the 3 means that this
pege is a part of Chapter 3, Test Equipment. The next number indicates
what Section in Chapter 3 is concerned. The 1 in the exsmple shows that
this page is from Section 1, Crystal Checker. The number after' the dash
denotes the page number of the particuler section. Thus, A 3.1=1 indi-
cates that this page is to be found in Part A, Chapter 3, and is Page 1
of Section l. This numbering system may seem complicated at first, but
it does have the very distinct advantage of enabling new informetion to
be added to the menual without reorganizing the existing material. An
issuing dete will be given in the upper left hand corner of each page.
Thus, there will be no doubt as to which page has been issued last in
the event changes are made and a new page is issued to replace one
previously issued. (On pages issued after May 1, 1951 the number of
this wox;king paper, INA 51 - 4, will be typed directly above the page
number.

The Institute for Numerical Analysis is one of the four seotions of
the Applied Mathematics laboratories of the National Bureau of Standards.
It is located on the campus of the University of California at Los Angeles.

The Machine Development Unit of the Institute has designed and
constructed an automatic digital computing machine known as the National
Bureau of Standards Western Automatic Computer (SWAC). This machine was
financed by the Office of Air Research of the United States Air Force.

The research program of the Institute is financed by the Office of
Naval Research.

H. D. Huskey _
Assistant Director

Mtional Bureau of Standards
Los Angeles, Califormia
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1.2 Pulse Shgping Circuits.
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1,2 Pulse Shaping Circuits.
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3.1 Crystal Checker

Explanation:
1. Connect Sylvenia VIVM - set to +100V scale - zero meter.

2. Set crystal checker selector switch to "Forward Res. Volt. Check"™
position.

3. With "Forward Res. Volt. Adj.", set voltage to +34.2 V.
4. Turn crystal selector switch to "Back Res. Volt. Check" position.
5. With "Back Res. Volt. Adj.", set voltage to +50 V.

6. Set checker selector switch to "OFF" - use Position No. 4 - insert
crystal - observe polarity.

7. Set meter to +3 V scale - zero meter.
8. Set selector switch to "Forward Res. Position™ - 1 V = 200 ohms*.

9. Press forward resistancé 20 ma button - 2 V = 100 olms**. Do not
hold long at this position.

10. Set selector to "Back Res. Position" - 1 V = 100 K***,

11. Set selector switch to "OFF" - insert next orystal - repeat steps
7-11.

* 0«1 V = 0 ohms - 200 ohms

*>*o-2V

O ohms - 100 ohms

¥*X 0-1 7V

INF - 100 K
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3.2 CRT Memory Test Unit.

Introduction

The Cathode Ray Tube Memory Test Unit (hereafter referred to as the
Test Unit) was designed and constructed primarily as a test unit for the
electrostatic memory units of the SWAC and secondarily as a unit with
which further development work on cathode ray tube memory devices might
be performed.

This section of the manual describes the use and operation of the
Test Unit. Information which may be used as a guide for maint enance of
the memory units can be found in Section D2.1.

General

The Test Unit is divided into two racks, the Power Rack and the Test
Rack. The Power Rack contains part of the power supplies (some of the
voltages are obtainable from the main labor atory supply) and the voltage
regulators necessary for operation of the Test Unit. Following is a list
of voltages used in the Test Unit:

Test Unit Voltages

Unregulated Locsation
Voltages of Supply
+600 Power Rack
+350 Laboratory Supply
\_,,165 . " "
+120 " "
,_15 n n
=165 ‘ " "
=300 Power Rack
Regulated Derived Location of
Voltages From Regnlator
+500 +600 Power Rack
+250 +350 Laboratory Supply
+110 +250 regulated Power Rack
-200 =300 ® n

= Hi Voltage . Laboratory Supply
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Pover Rack

The power comtrols for the Test Unit are located on the Power Rack.
The "AC" switch gpplies heater voltage to all tubes, and power to blowers
and power suppliez. A delay relay prevents other voltages from being
gpplied until two minutes after the "AC" switch is operated. This is to
allow the larger tubes adequate warm-up time. After this delay has
elapsed the low d.c. voltages may be gpplied, followed by the high d.c.
voltages. The presence of these .voltages iz irdicated by neons. The
voltages can be applied only in the sequence listed above.

If, during operation, any low d.c. volt age fuse blows or a low
voltage d.c. supply fails, the alarm system will remove all d.c., voltages
from the circuits of the Test Unit. If the a.c. p&er to the Test Unit
should fail, the d.c. circuit will also be de-energized.

- Located on the Power Rack are a voltmster and a test point. The
switch below the meter selects the voltage to be metered and also a.c.
couples that supply voltage to the test point so that a measuwrement of
the ripple or noise may be made. The meter shonld read 1,0 if the supply
being metered is operating properly.

There are two convenience outlets available at the side of the Power
Rack.

Note: All d.c. voltages should be oif when inserting or removing

a memory unit.

Test Rack

1) Front Panel:

The front panel of the Test Ra‘.ck holds the £law-tester controls,
spillover control, fill and clear of memory unit comtrol and the S
register controls. The pulses most necessary for memory unit testing
are made available at test points on the front panel. Some of the
delgy lines used in the Test Rack have been brought out to the front
panel and spare lines of various electrical length have been provided.

The four input pulses tc the memory unit are variable in amplitude

and their controls are located on the front panel. These pulses are
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BP, GP, SP°° and M + m., Their amplitude can be varied from normal to
zero. See pages A3.2-l and A3.2-5 for circuits.
2) Fill and Clear:

To £ill a memory unit completely with dashes the Dot-Dash switch is
placed in the dash position (up) and the Fill and Clear Memory switch
pushed up (Fill Memory). To clear the memory unit completely (Store
Dots) the Fill and Clear Memory switch is pushed down (Clear Memory).

In clearing, GP to the CRT unit is interrupted. In filling, M -+ my is
inverted and used to flip the CRT unit flip-flop.
3) Spillover Control:

The four S register controls select the address of the wﬁting action
used for spillover test or for writing a dash or dot in a particular
address. The selection of a dot or dash input is made with the Dot-Dash
switch. To read into the memory unit the switch labeled "wriﬁe" is moved
to "write". The number of times the dot or dash is read into the memory
unit during a full regeneration cycle is determined by the switch marked
"Spillover Control". See pages A3.2-6 and A3.2-7 for circuitry.

L) Flaw Tester: '

To test for flaws on a memory unit, move the Normal-Flaw Test
switch to "Flaw Test". Connect the ®Sweep Output! of the 512 Tektronix
Oscilloscope to the "Sweep Input" terminal on Test Rack. Set the
oscilloscope sweep control to the desired frequency (use 50 usec/cm
prefersbly) and set the sweep to run free. Adjust the potentiometer,
on the Test Rack, labeled'Bweep Control"until desired length of sweep
is obtained. Move X and Y positioning controls and observe output of
memory unit amplifier with 511A Tektronix Oscilloscope using "Gate Out-
put® of 512 OSci]loscépe as trigger for sweep of 511A oscilloscope.

5) Oscilloscope Synch:

Provision has been made for selecting any of the pulses availsble at
the front panel as an oscilloscope synch. The selected synch pulse is
available at the bottom of the Test Rack at a coax connector. A special

cable is provided for this purpose.
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3.6 Arithmetic Test Unit. (This supersedes pages A3.6-1 thru A3 «6-10,
dated L-20-51.)

I. Description of the Test Unit.

The Arithmetic Test Unit provides a means of:

a) Testing three A chassis and three M chessis simultaneously,
b) Testing one A chassis and one M chassis individually.

Provisions have also been made to test C Register chassis (see
Procedure for Testing C Register Chassis, page A3;6-25) .

The positions into which the chassis are to be inserted for
testing are labeled Positions 1, 2 and 3 for the A and M chassis and
Position C for the C Register chassis. |
A. The Control Section. (See Block Diagram, page A3.6-6)

| The Control Section consists of s "Oscillator" chassis, a

"Special Driver®™ chassis, an "A Driver" chassis, and a "B Driver"

chassis.

1. Oscillator Chassis.

A1l pulses used in the test unit are derived originally
from the Oscillator Chassis. The primary pulse produced is
called the Timing Pulse. The timing pulse is initiated by
one of three sources selscted by the Timing Pulse Selector
(see drawing on page A3.6-8). These sources are:

a) a 125 KC free running multivibrator,

b) a Schmitt Trigger driven by an external oscillator

such as the Hewlett-Packard Oscillator,

c) the Schmitt Trigger of b) driven by a microswitch.

When the switch is depressed one timing pulse is
produced.

The outputs of the Schmitt Trigger and the multivibrator
are differentiated to allow the peake'i" coil more time to
recover before being pulsed again and to minimize noise pickup
from V3 and V) by permitting the tubes to conduct a shorter
time following the triggering step voltage.

Also located on the oscillator chassis are five delay
line drivers, the functions of which will be described later.
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2.

Special Driver Chassis.

The output of the 125 k¢ multivibrator on the oscillator
chassis is also used to drive the Special Driver. The outputs of
this driver are connected to the Pulse Polarity Switch on the
Control Panel and then to three flipflop switches labeled R-FF,
M-FF and A-FF. With the Pulse Polarity Switch in the "Hormal®
position, pulses of the proper polarity are introduced on sppro-
priagte lines to the test positions to £ill or clear the f£lipflops.
To fill or clear the R, M or A flipflop, move the corresponding
flipflop switéh to the "ome® or "zero® position respectively (only
the flipflops in position 2 msgy be filled). With the Pulse Polarity
Switch in the "Reverse® position, the polarity of all these pulses
is reversed (see diagram on page A3.6-9)

The A and B Driver Chassis.

Located on the A and B Driver Chassis are all of the eight
functional drivers. These are the drivers which produce all of
the pulses used to check the operation of the chassis to be tested.
The amplitudes of these pulses may be varied by the Driver Amplitude
Controls located on the fronmt panel.

CAUTION: The blas for all of the functional drivers is
brought in to the chassis from the amplitude controls through a
six pin Jones plug located on the tagboard of each driver chassis.

Do not tuwrn on the D.C. voltages unless these Jones connections

are made.

FUNCTIONAL | PULSE OUTPUT

DRIVER WIDTH pSEC. POLARITY
Driver No. 1 0.5 Positive
Driver No. 2 0.5 Negative
Driver No. 3 0.5 Negative
Driver No. L 0.5 Positive
Driver No. 5 0.5 Positive
K(A) Driver 0.1 Positive
K(M) Driver 0.1 Positive
Add Driver 0.1l Negative
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B. The Control Panel.

INA 51 = L

A 3 06.3

On the COntrol Panel are located all of the controls necessary

to operate the test unit.
l. Filament Control Panel.

At the top of the test unit is located the Filament Control

‘Panel. Controls A and B vary the filament voltages supplied to

the test positions. The filament voltmeter may be switched to

monitor any one of these three filamemt voltages.

SWITCH
POSITION

1

m

FILAMENT VOLTAGE MONITORED

Filsments at D.C. Ground
At A and M Positions

All Filaments
At C Position

Filaments gt -165 volts D.C.
At A and M Positions

2. D. Co, Fuse Panel.

Immediately below the filament control panel is located the

Fuse Panel. All D.C. voltages supplied to the test unit are fused

at this psmel with grasshopper alarm fuses (see table below).

D.C. VOLTAGE i FUSB SIZE (Amperes)
e —

+ 165 3

+ 135 1-1/3
+ 25 .180
- 15 3

- 25 180
- 165 1-1/3
- 180 +180

If a grasshopper fuse blows, the particular D.C. voltage

supplied to that fuse is applied to the coil of one of two alam

relays (depending on whether the D.C. woltage is positive or

negative). The alarm relay in turn disconmects the power to the
D.C. holding relays which in turn disconnect the D.C. supply (see_

diagram on page A3.6-7 ).

A neon lamp labeled ™D.C. AVAILABLE"
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is connected to the +165V D.C. input and indicates that the
laboratory supply is on and that the test unit is conmected to
the supply.

The Patch Panel (see Drawing, page A3.6-10)

The Patch Panel is located directly below the fuse panel on
the right-hand side of the test unit. At the top of the patch panel
is located a 'row of eight paralleled banana jacks labeled,"Timing
Pulse Output"®. By means of patch cords the timing pulse and pulses
of different delays may ‘pe used to drive the different functional
drivers in the manner required to test the various logical circuits
on the test chassis. A typical problem is “fllustrated below:

It is desired to complement the M fliipflop and two micro-

seconds later clear the M flipflop. It is also desired to
perform this operation repeatedly so that operation of the
flipflop mgy be observed with an oseilloscope. The connec-

tions on the patch panel required to do this are shown below:
— —_ Timing Pulse _ _

Timing Pulse Output
Delay Line Drivers In

Delay Lines

K(M) Driver .
Input Driver Imput (e.g. Driver
g No. 2)
Driver
Amplitude O—— — -- @ O Driver Amplitude
Control Control
i
K(M)(Lug) @ -—- Driver Output
i c1(%)
' !
\ v
To Camon Plug To Camnon Plug
At "M" Test At "M* Test

Positions Positions
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With the timing pulse selector switch on "Internal" the following
timing will be observed:

« 0.5uske.
WA i ps!c

(Output of
C.F. on M-FF)

usec. ? . ? N ? § 10
-ﬁ k— 0-5ualpc . E : : :
[
TIMING I ! | DN | B
PULSE - J-0.1psec. ! | n !
K(M) ) 5 ' ! i X
" 1 I I ]
CL (M) : » | ' |
} [_I | n L
: : !
[ |

-— e - - — o

Note the repetition rate as shown is 8 psec. For a different
repetition rate turn the timing pulse sélector switch to
"External® and connect the ocutput of the Hewlett~Packard nc;dal
650A oscillator to the "External Osc.® lug. With the 600 olm
load removed from the output of the Hewlett-Packard oscillator
and with maximum output, the test unit may be reliably operated

at frequencies from 10 cps to 130 ke.
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Block Diagram Control Section:
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All functional Imputs and Outputs

are connected to the Control Panel.

IMA 51 = k4
A 3.6-6
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Input
Driver #5
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Control
Output
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Switching Circuit Utilizing the Special Driver:
Pulse Polarity 0
Switch
Amplitude \o—T1—9¢ 1 ®RS in®
Control o —~O A2 (Pos. 2)
: > o-»po NC
agd : C1(R)
R-FF ( o5 ~O A5 (Pes. 1, 2
Sw. | "and 3)
| :
‘- Lorbo |KC
l/,
0=
* 0.1
1 A->M ,
1 C A7 (Pos. 2)
* —o7»0 NC :
o C1(M)
wrr [ %0 O B8 (Pos. 1, 2
Sw. | © and 3$
g
* oo INC
V4
00—
1 wAS in®
0 OB2 (Pos. 2)
ov-»-0 NC
4
AFF [ o—————0 c1(a)
Sw. | B1ll (Pos. 1, 2
| ~ and 3$
——9%»%0 INC
QHK L
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Plug Board of Arithmetic Tesf. Unit:
R > . < . ” TIMING PULSE
OO0 OO OO0 O O GENERATOR
TIMING PULSE OUTPUT
Pos. 2 —a——{) RS in 10 20 30 QO sO
- DELAY LINE DRIVERS IN
Pos. 1 —a—t—) C1(R) l O O O
2 and 3 i
> wd i 1Osim O D © O O NO CONNECTION
I : ' ’\/ /‘ TO THESE JACKS
v
R
e =TO»>=%02 O O O
U !
st LOR =1, 3- T O @5 TYPICAL DELAY LINE DRIVER
Pos. 1 U :
2 and —OH —-b-ll.rOLH- g . O '
Pos. 1
2oan3 —OM "'CT?S* 8 O_
. T r4 3 Iy 5
Pos. 2 ——-—b-. RS out O O O O TYPI%II%N%%SBC
DELAY LINE DRIVERS OUT
O O O OO0 O O 0O+ TYPIC
: 2 2 1 1 5 5 5 5 DELAY
TYPICAL . LINE
e O O O O O O O O—E]
DRIVER DELAY LINES
@0 O 0O 0 0 00 ¢
K(A) kM) 1 2 3 L 5
_3 ' DRIVER INPUTS
Pos. 1,2,3 . ‘ OOPB EXT IN'f
Pos. 1
et 10 O (O
| e Y. OOFR —- D
Pos. 1 0sC. Pos.
2 and _Ocmg) - §
+165 Nomallg Pos. ] E
. operate A
3.3K 1 " -; ¢ 3 on INT. 'Pos.‘- R
. ' .
Pos.2 Pos .2
>
Pos. 1 and 3
oy e ros3
8.2K Pos.oz
Pos.2
(Pos. 1 and Pos.

3 identical)

Lugs carry the outputs of the ADD,
purposes.

(8), and K(M)

drivers for testing
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Carmon Plug Wiring on Arithmetic Test Unit (view from back of rack):

f"—‘ Functional Imput Jacks
‘ -

<15V 0] Q R 61‘3
C1(R) o— : : ;
RS Ino AN W’+\-W N~ At
BS Outo ol & & old o o|lo o
I .
() o 2| 56 3o ol © olo o
T 23_}_6‘ I
B¥pr o ?3 Q Q_O ' Q_O
omp o] d 08 Q2 O 0 Q d o o
:_:T#; MG 1 o0—r MC fD—r MC A3 0
1::1;; o 0 O o & ol o 0 0
wom o olBloB 0201 o3o )
() 5 0O 0 0 0335 Q | o BEJ 0
: O O O O O'O-_ra—w O © O
C1(M) o
2us 2u8
{H {hH
AS out,
o o O 0 o0 o
R(A) ® o 0 o 0 0 O
AS Ino 2By Q3B(2>
© O O
S & o 5o Z
b
M [
B B e P S e NN
O 0 O O 0 O
e O o o b o ol
o | 2A2 3‘2
h‘j, 0O 0 o © 0o O
=18 ' =
A;DOVO——-@. o9 o © 0 O
Carry&In
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Circuit for Checking "M" Chassis:
W\/\/\/\/\/
O O O % % g O
TIMING
QO=rsin O
DELAY LINE DRIVERS TN
O cir) O O O
Osaw O1r» O O O PATCH CORDS CONNECTED
: EEEE
DIAGRAM (page A3 .6-
v
v /1/
R
On-u Q- ) O O O
U
Or+wp O 1 O
U
Ou-»m O 1 O
S
O
OO
Y LINE opT
O OO0
05' 05 05 05
O O 0|0
INES . '
59 9
DRIVER‘INPQ?S 1

5

5
©

Normally
operated
on INT.

Lugs carry the outputs of the ADD, K(A), and K(M) drivers for testing purposes.
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A Register:
M MA Add
V 17
¢ 98

> | V2
"And No.l ’
O~ e @—=0
C Out

C In
(Carry Out) (Carry In)

(AL

i
‘ -And No. 2 | ¢y ¢. -And +Not
\\;F;} _,~\\ VS

) ©
o g

(Delay Line mounted :
externally on rack)

V6 (C)
- V9

+ /\ t/ﬁ\;
A 2 0
© ~ Shift Out
Shift In v7 v8 (AS out)
(AS in)

© © © 0
WA AN S VARERAN
Lac K(A) Shift Gate = C1(a)
[SH(A)]
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M-R Register:
ACANV AL AU
B, MR, DR CollaR C1(R) R0 [ghi%]
O © @j)} @ Cc? @
‘ 1 V3 L 0
R
I
vl1
¢ A
v6 ! 0.8
» 1 e - &0
@) V2 Shift Out
Shift In (RS out)
(RS in) ,
A T}
V8
1
Vs

© 066 &
K(M) M>A Cl(M) H"HIT M'H'IT H‘*CT -MC

A LT VALV ALV

S 10—
L 10~

>k
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3.6 Arithmetic Test Unit.

IT. Procedure for Testing "A" and "M" Chassis

Insert an M chassis in position 2 on the test unit and an A
chassis directly below it.

When testing with one A chassis in position 2 special Canmnon
plugs need to be 1nsert9d in A chassis positions 1 and 3 as follows
(see Drawing on page A3.6-11).

At Position lA.,*: a plug with a jumper between pin 2 and

pin 10, to connect Carry-out of chassis in position 2 to
terminating network and Carry-out lug on the control panel.
At Position 3A,: a plug with a jumper between pin 2 and

pin 10, to connect Carry-input from the rack to the Garry-in
on chassis in position 2.

At Position 1B,: a plug with a jumper between pin 2.and

pin 5. Pin 2 is the “AS in" for that position, and derives an
input from the rack. Pin 5 is a spare pin which has been wired
directly to the "AS in" for position 2.

At Position 3B,: a plug with 1.2K between pin 1 (gnd) and

pin 2. Pin 2 accepts an "AS in" from the chassis in pos:ljhion 2,
8o the resistor provides the proper termination for this signal.

CAUTION: Do not insert or remove chassis from the test umit with

the D.C. voltages on.

.

% Explanation of notations. such as "1A,": The 1st number refers to
the chassis digit positién. The ].e:t.ter identifies the Camnon plug
(eg., whether the "A™ or "B" plug of a particular chassis). The
subscript refers to the upper or lower rack ; a "1* for the upper
rack where M or C chassis are mounmted, a 2" for the lower rack
where "A" chassis are mounted. Thus, "lAz" identifies the ®A®
Cannon plug of the lower chassis positiom 1. This happens to be
the plug at the lower right of the rack. (The chassis positions
are numbered from right to left, from most to least significant
digit.)
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Intercomect the delay lines and drivers with patch cords as
indicated below (a pictéria.l diagram is provided on page A3,6-12).

R,

Patch Cord
Commsctions

c1(M) CL(A)

Other patch cord conmections to the outputs of the functional
drivers should be made only as needed. All functional driver ampli-
tude comtrols should be turned down (counter-clockwise) except as
needed, with the exception of the Stability Test Driver Amplitude
Comtrol which may be turned up at all times to allow convenient set-
ting or clearing of ths flipflops on the chassis to be tested.

In the suggested tests; notation of the following type is used:
Pulses required C1(A)-(h),"AS in®(5). This means that the output of
functional driver No. L should be patched into the C1(A) jack and
the output of functional driver No. 5 should be patched imto the
"AS in" jack on the patch panel. The pulse amplitude of the inputs

mgy be measured at the functional input jacks on the control panel.

A. The A" Chasssis

1. A Register Flipflop. .
a. Pulses required: ™“AS in%-(5) and C1(A)-(L).
Under these conditions every 8usec there will be an "AS in"
pulse to set the flipflop to the "“one" state, followed 2usec

later by a C1(A) pulse which restores the flipflop to the
"zero" state. The output of the flipflop can be observed at
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3.6 Arithmetic Test Unit.,

2.

b,

the cathode of V6 (cathode follower) as a negative 2usec pulse
of smplitude » 25 volts.

Reduce the amplitude of the "AS in" pulse until the flipflop
fails to trigger occasionally, marked by an intermittent trace
across the base of the output pulse. Then slowly increase the
amplitude until the trace just disappears, and measure the ampli-
tude‘ of the ™AS in® pulse at that po_int'.. It should be between
10 and 15 volts. With the "AS in" back to meximmm amplitude,
repeat this sensitivity measurement for the "C1(A)" input.
Pulses required: K(A) and C1(A)=(L)..

The behavior of tlﬁ £lipflop will be similar to that described
in part a) above. (Though the K(A) pulse will change the state
of the flipflop to the opposite state whether it stores a "sero"
or a'hme! in this case it always sets the flipflop to the “oms®
state because it is always preceded by a C1(A).) Measure the
sensitivity of the flipflep to the K(A) input in the same way
that it was measured for the "AS in". The K(A) required for
triggering should be between 10 and 15 volts.

Adder.
Carry-Out.
1) -AND #2 Gate.

a) Pulses required: K(A) and C1(a)-(L). |
Put a "ome" in the M flipflop. With the A flipflop thus
being alternately set and cleared, a negative 2usec pulse
1s presented to one imput of -AND ¥2 gate. At the Carry-
out lug on the control panel, observe a 2usec positive
pulse of at least 25 volts. Then set the M flipflop to
"“erd. The Carry-out pulse should be less than 5 volts.

b) Pulses required: K(M) and C1(M)-(2).

Put a "one" in the A flipflop. At the Carry-out lug on
the control panel, observe a 2usec positive pulse of at

least 25 volts. Then set the A flipflop to"zerd'. The
Carry-out pulse should be less than S volts.
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c) Pulses required: ™Carry-in"-(5) of 20V.

With a "zZero® in M and a "one™ in A, observe a Carry-out

pulse of #4usec and at least 20 volts.

2) -AND #1 Gate.

a)

Pulse required: "Carry-in"-(5) of 20V.

Put a “one" in M and a "zero" in A. Observe a Carry-out
pulse of #usec and at least 20 volts. With "zero® in M
and Carry-in pulse turned up full, the Carry-out pulse
should be less than 5 volts.

b. Addition.

1) -OR, =-AND + NOT, -AND #1 Gates.

a) Pulses required: Add, C1l(k)-(L).

b)

c)

Put a "one" in M. Observe the output of the A flipflop

at the cathode of V6. It should be a negative 2usec pulse
of at least 25 volts., Turn down the add pulse smplitude
until the flipfilop fails to trigger occasionally, as shown |
by a trace across the base of the output pulse. Then turn
it back up until the trace just disappears, and measure
the add pulse. It should be between 12 and 18 volts
(0.lusec negative pulse).

Pulses required: Add, C1(A)-(L), Carry-In"-(5).

With a "zero" in M observe the A flipflop output at the
cathode of V6. It should be a negative 2usec pulse of

at least 25 volts. Repeat the measurement of sensitivity
to add pulse which was made in procedure (a). The add
pulse under these conditions should measure between 12

and 20 volts.

Pulses required: Add, C1(A)-(L), “Carry-in®"-(5).

Put a "one"™ in M. With the add pulse at maximum ampli-
tude, the A flipflop should not trigger. Reduce the Carry-
in to the magnitude at which the flipflop triggers

occasionally (negative 2usec pulse appearing intermit-
tently at cathode of V6), then increase it until it
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barely inhibits addition all the time. The Carry-in to
inhibit should be between 8 and 15 volts.
3. Shift A: -AND #3 Gate.
a. Pulses required: Sh(A)-(3) of 1OV.
With a "one"™ in A observe the output at the "AS ewt" lug on the
control panel. It should be a positive 3usec pulse of at least
20 volts. With the Sh(A) output turned to maximum amplitude and
a "gero" in A, the "AS out" pulse should be less than 5 volts.
b. Pulses required: "AS in"-(5), CL(A)=(L).
With the flipflop running, a negative 2usec pulse is presented to
one imput of the shift gate. The pulse appearing at the "AS out"
lug should bé less than 5 volts. |
L. A-+M:7V9,
a. Pulse required: A -+ M, -(5).
With a "one® in A observe the output at the A+M lug on the control
panel. It should be a negative 3usec pulse of magnitude greater
than 30 volts. With a %"gero™ in A, this pulse should be less than
3 volts.

Resumd of Test Procedure for "A" Chassis

INPUTS OBSERVATION

l.a. "AS in"-(5) FF operation at K6. (negative 2us pulse * 25 volts).
c1(a)-(L) Measure the minimum "AS in® required to trigger the FF
reliably. It should be 10 to 15V. Repeat for C1(a).

b. k(&) Same as a) above. Measure the minimm K(A) which will
c1l(A)-(L) trigger FF. Tt should be 10 to 15 wlts.
2080 )
1)a) K(a) With "one™ in M: Carry-out = 2us positive pulse » 29V,
C1(Aa)=(k) With "zero® in M: Carry-out <5 wolts,
1)b) K(M) With "one® in A: Carry-out = 2us positive pulse ¥ 25V.

c1(M)-(2) With "gzero" in A: Carry-out < 5 volts.

1)c) Carry-in(5) With "zero® in M and "one" in A: Carry-out = 3us positive
of 20 volts ©pulse » 20 volts. '

2)a) Carry-in(5) With "one" in M and "zero" in A: Carry-out = #us positive
of 20 volts ©pulse 2 20 volts. With "zero® in M and Carry-in full:
Carry-out < 5 volts.
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Resumé of Test Procedure for MA® Chassis (continued)
INPUTS OBSERVATION

2.b. 6

1l)a) Add With “one" in M: FF operation at K. (negative 2us
c1(a)-(L) pulse » 25 volts). Measure the minimum ®add" pulse

which will trigger the FF reliably. It should be 12
to 18 volts.

1)b) Add With "zero" in M: FF operation at K6. (negative 2us
c1(a)-(k) pulse @ 25 volts). Measure the minimum "add® pulse
Carry-in(5) which will trigger the FF reliably. It should be 12

to 20 volts.

1l)c) Add full With “one® in M: FF should not trigger. Measure the

C1(A)-(L) minimumm Carry-in required to inhibit. It should be
Carry-in(5) between 8 and 15 volts.

3.a. Sh(a)-(3) With "one™ in A: "AS out® = positive % ps pulse = 20V.
of 10 volts With Sh(A) full and "zero" in A: "AS out™ < 5 volts.

b. "AS in"-(5) "AS out" < 5 volts.
C1(A)-(L)

L.a. A~+My =(5) With "one" in A: A+ M = negative 2 ps pulse » 30V,
With "zero® in A: A -+ M <3 volts.

Typical Failures, A Chassis

Any O6AGT: low Ip, G-K short, poor cutoff, open filament, broken
base or internal comection,

V1, V2, V3(6AGT): G-K short.

V2(6AGT): short, blows -165V fuse, tube left with no Ip.
V9(6AS6) : low I short, broken pin.
Any diode: low back resistance or drift, short, open, polarity

accidentally reversed on replacement.

Critical diodes 31D, 37D, 31B, 32B, 30B, 3LE, 35E, 32E, 33B: low back
resistance or drift.

Diode 30D (27E on
some chassis) (IN56): shorted, sometimes 3LE shorted also.

Diode 37E(1N38): open.

Diode 35B: open, 35D shorted.

Diods 3LE: open.,

Diode 27B: shorted, 26B open.

Diode L42B: shorted.

Any resistor: overheated, changed in value, broken.

Flipflop precision

resistors: open, dropped in value.

Wiring: shorted leads or components, especially in FF, poor

solder joints, broken leads (especially running from
tagboard to chassis).

Tube socket: poor pin connection (especially miniature socket at
V9 position).
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B. The "M® Chagssis

1. R Register Flipflop.

a.

Pulses requires: "RS in"-(1), CL(R)=(L).

Under these conditions, every 8 pusec there will be an "RS in"
pulse to set the flipflop to the "“ons" state, followed 2us
later by a C1(R) pulse which restores the flipflop to the
"zero" state. The output of the flipflop can be observed at

Gy of V2 (7AK7). It should be a positive 2us pulse of at least
30 volts. Reduce the. amplitude of the "RS in" pulse umtil the
flipflop fails to trigger occasionally, marked by an inter-
mittent trace across the base of the output pulse. Then slowly
increase the amplitude until the trace just dissppears, and
measure the amplitude of the "RS in" pulse. It should be
between 10 and 15 volts. With the "RS in" back to maximum
amplitude, repeat this sensitivity measurement for the C1(R)
pulse.

Shift (R).

a. Pulses required: Sh(R)-(L).
Put a "one" in R. Observe the pulse at the ﬁRS out" lug on the
conbfol panel. It should be a positive % us pulse of at least
25 volts. Put a “gero" in R. The "RS out" pulse should be less
than 3 volts,

M Register Flipflop and M -+ A.

&,

Pulses required: K(M) and C1(M)-(2).

Under these conditions, every 8us there will be a K(M) pulse
which sets the flipflop to the "one" state, followed 2us later
by a C1(M) pulse which returns the flipflop to the "zero"
state. (Though the K(M) pulse will change the state of the
flipflop to the opposite state whether it stores a "zero" or
a "opet s in this case it always sets the flipflop to the "one"
state because it is always preceded by a C1(M).) The output

of the flipflop can be observed at the M + A lug on the control
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L.

M-

M~

a.

R -

2.

panel. It should be a negative 2us pulse of amplitude » 30 volts.
Next, reduce the smplitude of the K(M) pulse until the flipflop
fails to trigger occasionally, marked by an intemmittent trace
across the base of the output pulse. Slowly increase the amplitude
until the trace just disappears, and measure the amplitude of the
K(M) pulse at that point. It should be between 10 and 15 volts.
With the K(M) back to maximum amplitude, repeat this sensitivity
measurement for the C1(M) input.

c.

Pulses required: M - Cq-(5).

Put a "one" in M. Observe the output at the M+ C lug on the
control panel. It should be a negative % us pulse of amplitude

> 0 volts., With a "sero" in M, this pulse should be less than 3V.
m.

Pulses required: M -+ m,r-(5). :

Put a "one" in M. Observe the output at the M + m lug on the
control panel. It should be a negative % ps pulse of amplitude

2 ;0 volts. With a "sero" in M, this pulse should be less than 3V.
M.

Pulses required: R -+ nr-(S), c1L(M)-(2).

Put a "one" in R. Under these conditions, every 8 us there is an
R + M pulse which sets the M flipflop to the "one" state, followed
2 us later by a C1(M) which returns the flipflop to the "zero"
state. The output of the M flipflop can be observed at the M+ A
lug on the control panel. It should be a negative 2us pulse of
amplitude ® 30 volts. Decrease the amplitude of the R -+ Mrvpulse
until the flipflop fails to trigger occasionally, marked by an
intermittent trace across the base of the output pulse. Next,
increase the amplitude of the R + HT pulse until the trace just
disappears and measure the amplitude of the R + H‘l‘ pulse at that
point. It should be between 10 and 17 volts. With the amplitude
of the R - HT pulse back to maximum and a "zero®™ in R, the pulse
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Te

l.a.

L.a.

5.a.

60&-

appearing at the input (negative) end of crystal 3C should be € 3
volts. (This point is the transfer input to the M flipflop, and
derives a pulse from the R + M gate.)

M-+ R.

a.

b.

Pulses required: M -+ BT-(l), Cl(R)~-(L).

Put a "one"™ in M. Under these conditions, every 8 pus there is an
M -+ R pulse which sets the R flipflop to the "one" state, followed
2us later by a C1(R) which restores the R flipflop to the "zero"
sta.te.‘ The output of the R flipflop can be observed at G3 of V2
(7AK7) . It should be a positive 2us pulse of amplitude » 30 volts.
Decrease the amplitude of the M ~» RT pulse until the flipflop fails
to trigger occasionally, marked by an intemittent trace across the
base of the output pulse. Next, increase the amplitude until the
trace just dissppears; and measure the amplitude of the M -+ BT
pulse at that point. It should be between 12 and 19 volts. -
Pulses required: M -+ Ry, C1(R)-(L).

With the M » Ry pulse back to maximum amplitude and a "zero" in M,
the pulse sppearing at the input (positive) end of crystal 37B
should be less than 3 volts.

Resumbé of Test Procedure for "M" Chassis

INPUTS OBSERVATION
"RS in"-(1) R-FF operation at G 2 (7AK7) (positive 2us pulse » 30V).
CL(R)-(4)  Measure the minimim "RS in® required to trigger the
FF reliably. It should be 10 to 15V. Repeat for C1(R).

Sh(R)-(L) With "one" in R: "RS out™ = % pus positive pulse a» 25V.
With "zero" in R: "RS out" < 3 volts.

K(M) M-FF operation at M -+ A lug (negative 2us pulse a 30V).
C1(M)=(2) Measure the minimum K(M) required to trigger the FF
reliably. It should be 10 to 15V. Repeat for C1(M).

¥Cr-(5) With "one"™ in M: M + C = negative % us pulse » LOV.
With "gero® in M: M-+ C <3 volts.

H-»m.r-(S) With "one" in M: M + m = negative % ps pulse a LOV.
With "zero” in M: M-+ m < 3 wolts.

BoMp-(5) With "one" in R: M-FF operation at M+A lug. (negative
cL(M)-(2) 2ps pulse » 30V). Measure the minimum RoM;, required
to trigger the FF reliably. It should be 10 to 1TV.
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3.6 Arithmetic Test Unit.

-

Resumb of Test Procedure for "MM Chassis (contimued)

INPUTS OBSERVATION

6.b, BoM, full With ®ero®in R: pulse at negative end of Xtal 3C.
Cl(M)_(z) should be € 3 volts.

7.&. M—rn,r-(l) With "one" in M: R-FF operation at G 2. Measure the
C1(R)-(,)  MLnimm MR, required to trigger FF rélisbly. It
should} be 12 to 19 volts.,

b. H—»RT full With "sero® in M: pulse at positive end of Xtal 37B
CL(R)-(L) should be € 3 volts. '

Typical Failures, M Chassis

Any 6AGT: low Ip, G-K short, poor cutoff, open filament, broken
base or internal comnection.

Any 6AS6: low Ip’ shorts, broken pin.

Any diode: low back resistance or drift;, short, open, polarity
accidentally reversed on replacement .

Any resistor: overheated, changed in value, broken.

Flipflop precision

resistors: open, dropped in value.

Wiring: shorted leads or components, especially in FF, poor

solder joints, broken leads (especially running from
tagboard to chassis).

6AS6 sockets: poor pin connections.

Transformer L6C: primary to secondary short (blows +165V fuse, usually
burns 2202 resistor at L6E).

Delay line: shorted, open.
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3,6 Arithmetic Test Unit.

C. C Register Test Procedure.

Plug the C Register chassis into position "C" on the Aritlmetic
Test Rack. The Cannon plugs A and B are wired to the set of jacks
labelled "position C", and the individual jacks are labelled accord-
ing to which Camnon plug pin they are connected . These jacks can
then be connected via banana plugs to the outputs of any of the
functional drivers. | |

The inputs and outputs to the C Register are as follows:

Pin Plug A Plug B

1 A3+ Transfer Reg.(out) Gnd.

2 C1l(€) (in)" Vv Cc1(s)(in) v

3 &=+ P (out) V D—+S (in) YV '
b S+ 0 (out) V. Y + Channel Reg.(out) I,
5 E Carry-in A ' M=+C (S5)(in) V

6 S to Adder (out) [ M+C (¥)(in)V

7 S ~+ ET(in)JL c1(c)(in) °V

8 S + Sy(in) A M-+ C(B)(in) V

9 E Carry-out A Y- ST(in) A

10 & + Sy (in) A @+ Sp(in) A

11 S+ py(in) A o + Sp(1n) A

12 S~ OT(in)_IL , M=+ Cc()(in)V

In the following list of procedures, under each procedure are
given the imputs required, with pin comnection and driver to be used,
and the outputs to be observed under the stated conditions. For
example, in the first procedure the following information is given:

l.a. D-+S B3 Driver # 3
c1(s) B2 Driver ¥ 2

This means that the output of driver # 3 on the test rack should
be patched into Cannon pin B3 at position C to produce a D + S input
to the C Register, and that the output of driver # 2 should be patched
into Cannon pin B2 at position C to produce a C1(S) input to the C
Register.
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3.6 Arithmetic Test Unit.

1. S Register, S -+ L, Output to Adder.

a. D=+ S B3 Driver ¥ 3 YV
c1(s) B2 Driver ¥ 2 "V

Observe a positive 2us pulse at the S + L jack of at least LO
volts, and a positive 2us pulse at A6 (output to adder) of at
least 35 volts. The flipflop should continue to operate when
the D - S input smplitude is reduced to 25 volts or less.

b. Reverse the outputs of drivers ¥2 and g3, to give the following
connections:

D-+S B3 Driver # 2
Cc1(s) B2 Driver £ 3

Under these conditions, the flipflop should contimue to operate
when the C1(S) input smplitude is reduced to 25 volts or less.
2. €& Register, §& Carry-out, £ + S
Using clip leads, connect the Carry-out through a .01 mfd. capacitor
to the cathode of the S Register flipflop.
a. & Carry-in AS Driver 4 1 A
Observe a voltage level which is up for 8us and down for 8us
‘at GL, with a swing of at lesst L0 volts. The & flipflop
should continue to trigger when the smplitude of the Carry-in
pulse is reduced to 15 volts or less. It should not trigger on
less than 8 volts.

b. Cl(&) A2  priver 43 Yy
€ Carry-in AS Driver f 4 A

At GZBL s observe a roughly triangular waveform of at least 30
volts swing; which drops in sbout 2us and rises in about &us,
indicating that the flipflop is being triggered by both pulses.
The flipflop should continue to operate when the C1(£) pulse
amplitude is reduced to 15 volts or less. It should not trigger
on less than 8 volts.

c. & Carry-in A5 Driver ¥ 1
QObserve the ‘oubput of the S Register at S + L jack. It should be

roughly a square wave up for 16us and down for 16us, with a swing
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3.6 Arithmetic Test Unit.

d.

3. o

a.

b.

C.

k. 3

a.

of at least L5 volts. The S Register should continue to operate
when the £ Carry-in smplitude is reduced to 22 volts or less.

E =+ Sy Al0 Driver £ 1
c1(s) B2 Driver # 2

With a "one" in &, observe S flipflop operation at S + L jack.

The f1ipflop should contimue to operate when & -+ S, is reduced

T

to 25 volts or less. With a "zero" in &, and € - Sy at maximum

amplitude, the pulse at the input crystal to the S Register
(on Gg) should not exceed 3 volts.

Register and o + S
M-+ C (X) B12 Driver £ 3
c1(c) B7 Driver # 2
Observe a positive 2us pulse at G;'S s of at least 30 volts. The

flipflop should continue to operate when the M + C(() pulse
amplitude is reduced to 12 volts or less. It should not trigger
on less than 5 volts (8 to 10 volts is normmal).

Reverse the outputs of drivers ¥3 and #2, to give the following
connections:
c1(c) B7 Driver £ 3

M-+ C () B12 Driver ¢ 2
The flipflop should contimue to operate when the C1(C) pulse ampli-
tude is reduced to 12 volts or less. It should not trigger on
less than 5 volts.

X + Sp Bll Driver # 1

c1(s) B2 Driver # 2

With a "one® in X, observe S flipflop operation at S - L jack.
Flipflop should continue to operate when o+ ST pulse amplitude
is reduced to 25 volts or less. With a "zero" in o ad the

ol + ST pulse amplitude maximum, the pulse at the input crystal
to the S Register (on Gg) should not exceed 3 volts.
Register and B+ S

M-+C (3) B8 Driver « 3
c1(c) BT Driver # 2

“UMEYS ‘@ pUiitive 2pd pelsesetihl af at-least 30 volis.: Wk fidps
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3.6 Arithmetic Test Unit.

flop should contime to operate when the M+ C (8 ) pulse ampli-
tude is reduced to 12 volts or less. It should not trigger on
less than 5 volts.

Reverse the outputs of drivers #2 and #3, to give the following
connections:

c1(c) B7 Driver ¥ 3
M+C (8) B8  Driver # 2

The flipflop should contimue to operate when the C1(C) pulse

amplitude is reduced to 12 volts or less. It should not trigger
on less than 5 wolts.

/3 + Sp B10O Driver # 1
c1(s) B2 Driver ¥ 2

With a "one® in /3, observe S flipflep operation at the S -+ I jack.
Flipflop should continue to operate when the S+ ST pulse ampli-
tude is reduced to 25 volts or less. With a "zero® in /3, the

pulse at the input crystal to the S Register (on Gg) should not

exceed 3 volts.

5. Y Reglster and Y+ S

-1

C.

M-+C () B6 Driver f 3
c1(c) B7 Driver ¥ 2

Observe a positive 2us pulse at Bl of at least 30 volts. The flip-
flop should continue to operate when the M + C(Y) pulse amplitude
is reduced to 12 volts or less. It should not trigger on less than
5 volts.

Reverse the outputs of drivers #2 and #3, to give the following
connections:s

c1(c) BT Driver # 3
M>C (Y B6 Driver ¢ 2

The flipflop should continue to operate when the C1(C) pulse ampli-
tude is reduced to 12 volts or less. It should not trigger on less
than 5 volts.

Y+ Sp B9 Driver ¥ 1
c1(s) B2 Driver # 2
With a "ome® in )", observe S flipflop operation at the S -+ L jack.
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3.6 Arithmetic Test Unit.

Flipflop should contimme to operate when the Y - ST pulse ampli-
tude is reduced to 25 volts or less. With a "zero® in Y, the
pulse at the input crystal to the S Register (on Gg) should not

excesd 3 volts.

6. O Register, S+8, §+0, §+P, S+ &

a.

d.

M+C(5§) BS  Driver 43
c1(c) B7 Driver ¥ 2
Observe a positive 2us pulse at 639 of at least 30 volts. The flip-
£1op should contimue to operate when the M+ C (S) pulse amplitude
i8 reduced to 12 volts or less. It should not trigger on .less than

S volts.

' Reverse the outputs of drivers #2 and #3, to give the following

connections:

c1(c) B7 Driver # 3
M-+C (S5) BS Driver ¥ 2

The f1lipflop should continue to operate when the C1(C) pulse ampli-
tude is reduced to 12 volts or less. It should not trigger on
less than 5 volts.

S+ Sy A8 Driver # 1
c1(s) B2 Driver ¥ 2

With a "one" in §, observe S flipflop operation at the S - L jack.

The f1ipflop should contimue to operate when the § - Sy pulse
anplitude is reduced to 25 volts or less. With a "zero® in &,
the pulse at the input crystal to the S Register (on Gg) should not
exceed 3 volts.

S~ G.E. A12 Driver £ 1

Set the & —+ OT pulse smplitude at 30 volts. With a "“one™ in 5,
observe a negative % ps pulse at Al (S +©) of at least 75 volts.
With a "gero® in S, this pulse should be less than 3 volts.

S+ Py A1l Driver # 1

Set the & + Py pulse amplitude at 30 volts. With a "one®™ in S,
observe a negative % us pulse a& A3 ( S+ P) of at least 30 volts.

With a "gero" in &, this pulse should be less than 3 volts.
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3.6 Aritmetic Test Unit.

£, S » 5,1. A7 Driver # 1
c1(E) = a2 Driver # 2

With a “one" in S, observe &£ flipflop operation at (}% . The £lip-
.flop should contimue to operate when the S -+ &T pulse amplitude
is reduced to 25 volts. With a "zero" in O, the pulse at the

input crystal to the £ Register (on GZ) ghould not exceed 3 volts.
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3.8 Resistance Load Unit.

A. General Information:

The Resistance Load Unit has been developed to provide a means of
loading power supplies and regulators for test. It provides a continuously
variable resistance from O to 20,000 ohms. The maximum current and voltage
are 1 ampere and 600 volts.

The load is composed of fixed resistors that may be cut in and out
of the circuit except for the lowest range (0-350 ohms) which is con-
tinuously veriable.

The loed may be applied to, or removed fram, the device being loaded
by use of the LOAD-NO LOAD switch.

Current may be read on the buil’c-in ammeter, and provision has also
been made for use of an external emmeter. When an external emmeter is
used, it is connected to the EXTERNAL AMMETER terminals and the AMMETER
switch is set to EXTERNAL. Note that it is necessary to throw the
AMMETER switch to INI'ERNAL to camplete the circuit when not using an
external ammeter.

Voltage may be read on an external voltmeter comneoted to the VOLI-
METER termimals.

The two pairs of load termminals are provided for convenisnce and
are wired in parallel.

The lo5 smpere fuse will open the circuit upon excessive overloads.

A schematic drawing of the unit is shown on page A3.8-2.
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308 Resistance loed Unit.

Ce Parts List:

Rl -~ 50 &L, 50W rheostat

R2 - 300;1_, 300W rheostat

R3 =~ 2-150 ., 160W, ww resistors in series
R4 ~ 4—150.0., 160W, ww resistors in series
R5 - 2-2,5K, 160W, ww resistors iﬁ parallel
R6 ~ 205K, 160W, ww resistor

R7 - 2-2,5K, 160W, ww resistors in series

R8 - 10K, 100W, ww resistor
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3,10 Protective System for Experimental Magnetic Drum.
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Reigsuod T=5=51

4,1 Standard Color Cods.

+500 V to +650 V7
+250 V o +350 V
+165 V to +200 V
+120 V to0 +135°V
+110 v
+25V

oV
=15V to =25V
=165V
=200 V to =350 Vv
All Heabers

Grownd

NAT IONAL BUREAU OF STANDARDS

STANDARD LABORATORY “RACTICES

Browa

Blue

Red

Orange

Orange with tracer
White with twaoer
Black

Grsen

Yel low

Yollow with tracar
Black

Black

INA 51 - 4
A 4011
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4.2 Standard Comnections on Jomes Plugs.

A. For SWAC:
Fin
1 0 V and Ground
2 Voltagee above +165 V
3 Heaters at =165 V
4 Heaters at =165V
5 Heaters at O V
6 Heoaters at 0 V
7 +165 V
8 +120 V or +135 V
9 =165V
10 -15V
11 Indiegbor ar Miseellansous
12 Indieator or Miscellaneous

Be For Laeboratory:

Pin
1 0 V and Ground
2 +2¢ 7
3 +350 7V
4 -40 V
5 257V
6 +135 V
7 _ +165 V
8 , +120°V
9 =165 V

10 =15V

11 =180 V

12 +80V
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4.5 Stendard Procedure Re Drawings.

A, General Procedurse.

1.

2a

3e

4,

5.

When drawings of new equipment or changes in existing drawings

are desired, the sketches, drawings or corrected drawings should

be made neatly, legibly and in an easy-to-understand form and

pre sented to the draftsman.

Upon receipt of drafting work the draftsman will perform one of

the following:

a. If work is original, meke tracing.

be If work is a correction, mske correction on existing tracing.

c. If changes are too mmerous (and with the approval of the
engineer in charge of maintenance), make nmew tracing.

Upon completion of tracing the draftsman will obtain one print

of same, and submit it and the original working drawing to the

initiat ing engineer for approval.

The engineer concermed will _perf‘orm the following:

ae. Check print for correctness of work, including the drawing
title and mmber.

b. If there are corrections, mark in colored pencil and return
print to draftsman.

6. When drawing is satisfactory, initial print and tracing and
return to draftsman.

The draftsman will send out the approved tracing for four coples

which will be distributed as follows:

a. Laboratory drawing board.

b. File copy (located in SWAC Room).

c. Engimsers' office file,

d. H. D. Huskey

Any extra copies should be placed in the Engineerst' office file.

B. Drawing Changes.

When engineers make changes on chassis or equi;mant\these changes

should appear on the drawings on the laboratory drawing boards or,

for drawings not on these boards, on the file copy. When changes are
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4,5 Standard Procedure _1_23 Drawings.

Ce

made on the file copy or on board copies the engineer making the
change must record this information in the engimeering log. It is
the responsibility of the draftsmen to read the engineering log end
meke all changes on the tracings, and where needed obtain new prints.
It is the final responsibility of the person in charge of
maintenance to see that drawings are kept up~to-date.
Drawing Notation.
l. The drawing title will be coded and will consist of two groups
of letters and two groups of numbers with the following meaning:
a. Thé first letter will designate location of the chassis or
equimment, such as Arithmetic, Control, etc.
b. The second letter, or group of letters, will designate the
type of drawing, such as Block Diagram, Schematioc, etc.
¢ce The first muber will give:
1) For SWAC drawings the position of the chassis in the
particular location designated in a).
2) For all other drawings the drewing serial number,
mmbered in order of issue.
do The second mmber will designate the edition mmber of the
drawing.
2. Code for chassis or equipment location, to be designated in

first letter of drawing title [of. la) above]s

A Arithmetie M  Memory

C Comkrol 0 Operating Console

D Megretic Drum P Power Unit

G Gemeral R Charts and Rack Wiring
L. Laboratory Equipment X Au.x."Llia.ry Equipment

3. Code for drawing type, to be designated in second letter, or
group of letters, of drewing title [cf; 1b) above J:
B  Block Diagram T Tagboard Drawing
M Mechanical Drawing W Wiring Diagram

S Schematic Drawing
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4.5 Standard Procedure Re Drawings.

4,

Note:- Some drawlings may consist of more than one of the above
types. Their code will contain all of the letters for such
types, but the drawing will be filed according to the first

type designation only.

In addition to the drawing title desoribed in 1, 2, and 3 above,
desoriptive titles will be given to drawings which will desoribe
to some extent the fumction of the particular chassis or equip-

ment,
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4e7 Method of Molding Pulse Transformers, Delay Line Terminals, etc. with
Liquid Plastioc,

Molding is used to provide mechanical proteotion and to minimize
humidity effects. It is eonsidered feasible to mold almost any small
piece of equipment. At the Institute for Mumerical Analysis it has been
found desirable to mold peaking coils, pulse transformers and delay line
terminals.

The molds may be either wood or metal. Allowance for draft should
be made to insure ease in removal of castings. If wooden molds are useds
the mold cavity should be coated with a thin layer of beeswax to eliminate
sticking.

The liquid plastic used is Claro-Cast Casting Plastic (Fry Plastios
Company, Los Angeles 44, California) or equivalent; the liquid hardensr
is Claro-Cast Hardemer for use with Claro-Cast Casting Plastie, or
equivalent.

Three drops of hardener are added to two teaspoons of casting plastioe,
mixed well, and poured immediately. This one mixture is used for all
oastings. The castings are made at normal ambient temperature, pressure
and humidity. with no special presautions taken to control these. factors.
The hardening process will take place at room temperature but is greatly
accelerated by elevated temperatures.

When & wooden mold is used the liquid plastic is poured and allowed
to stand for two to three hours before it is removed from the mold. The ‘
oasting, which can at this stage be handled lightly without damage, is
then baked for four hours at 120° F. When a metal mold is used the liquid
plastic is poured and then immediately baked for five hours at 120° F;
after which process the ocasting is removed from the mold.

Any flashings on the castings are removed with & file or sander after

the baking process.

EMR
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4.8 Standard Procedure Re Ordering Materials for MDU.

4. General Procedure:
1) Every purchase requisition sheet (orange colored ordering blank)
must be filled out in duplicate for each item ordered. No order

should ever be placed orally. '

2) Each ordering blank must be signed by one of the following:
He. D. Huskey
E. lacey
James W. Walsh
3) The purpose for which the purchase is intended should be indicated
by the appropriate number followed by a dash. Only one purpose
can be shown on each ordering blank. At the date of this issue
one of the following categories should be chosen:

l. General (to be used for all items purchased for
general use, such as machine shop tools, stock
items not purchased for a specific project,
and small miscellaneous purchases)

2. Maintemance (items purchased specifioally for the SWAC
should be included in this category, such
as tube replacements and paper tape)

3. Development

A. SWAC (items purchased specifically for further
development work on the SWAC, exclusive of
the imgnetic drum and magnetic tape units)

B. Magnetic Drum ‘

C. Magnetic Tape

4) After the use has been indicated the material should be classified
into one of the main and, in most cases, one of the seoo‘ndary cate-
gories shown on the chart (page A 4.8-3 of this report) ’attached to
the back of the board holding the ordering blank.s. The main and
secondary classification should be separated by a period.

In the event that two or more items of diffefent classification
are to be ordered the classification of each different item should
be noted, with & comma separating the two classifications. If neces-
sary to designate more then one secondary classification the appro-

priate numbers can be written consecutively with no punctuation marks.
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Issued 1-16=51 4. STANDARD LABORATORY FPRACTICE A 4.8«3
4.8 Stendard Procedure Re Ordering_ Materials for MDU. '
1. General 3. Development B. Magpetic Drum
2. Maintenance A, SWAC C. Magoetic Tape
Mo Breakdown of MDU Purchases
-Main
Classificatinns Secondary Classificacsons
1 2 3 4 b 6 7 8 9
1. Tubes and C.R.T. Tubes-- Tude Tube Tube Misc.
Accessories ALl Shizldn Clamps Sockets Tube
Other Acces,
2. Resistors W R. 1W R. 2W R. bW R. 10¥W R. Larger All Misc.
Potentiameters ' Resistors | Potentio~|Resis—|
meters tors
Condensers
4. Other Circuit Crystials Delay Neonc Indicators Small Misc.
Componenis Lineg Lighes
5. Hardware Screwn Nais, Lrg= Torminal Sclde~ Paste Corls, Iastuia- Yise.
Bolts, Strups Co.l tsos
Washers Foome
6. Wire and Cable ] A1l Types | Pushhack Cepper Misc,
Cable Wire W.e
7. Fuses Little~ Cirmcuin Power Graschopper Fuse Misc.
fuses Breake=s Fuges Frces Holders,
Bases
8. Metals Sheex Channel, Bus bar, Hypevsil Screen Wiremo:d Hisc.
Meial Argle Metz? Red, and Clotkh
Tsbing
9. Plastics Phenot Spaghetti | Tagbcoand Bakelize, Fish M:isc.
{Paper) Rod, Lucite, Pape:
Tubaing ransiie,
ety
10, Sockets, Jcnes Cannon M:nacure Ass? Ass't Jacks
Plugs, Socketis Pings
Jacks
11. Power Trans- Chokes Reciifiers | Coatactors [Relays Switches Batteries Misc.
Componenis formers
1z, Phctographic Priats Tracing Misc, Film Photc M:sc.
and Draftiing Paper Drttg. Paper Photo
Supplies Supplies
18. Computer Fiexoc~ Mag. Drum | Mag. Tape | Paper Magnetic Misc,
Accessories writer and}aad Acces.) Unit and Tape Tape
Acces. Acces.
14. Misc. Lubr:- Painting Cement, Library Belis apd | Bottle Misc.
Supplies cantis Supplies Glue Material Pulleys Goods
Products
16. Tools giilli’ Sawblades zfgnches, SCfew- Chisel Soldering Measuring {Grinding, | Misc.
lug laps, liers drivers Sets, Irons and Toole Sandi
End Mills Punches Replac ing
Dies ] Pialementg TOOls
16. Bquipment Furniture |Elect. Power Tcols |Power Moters Photo- Misc,
Equip. and Acces. Supplies graghic Equip,
Equip.
17. Services Contract g?:él Consultant Misc.
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Issued 7=20=51 4o STANDARD LABORATORY PRACTICES a 4.9=1

4¢9 Standard Procedure for Winding "Signal Pickup Grids" Used on Face of
CRT Tubes. - _

L. lachine and Materials Necessary:
1) Ilathe. Logan No. 211.

2) Mold. Phenolic tubing 3" 0D x 3" wall x 9" long, with slots at
both ends on one (1) axis only. Slots are 3" deep x saw
blade width. )

3) Wire. No. ZU round, bare, magnet.

4, Combination wire holder aand tension devioe.

5) Tape. Hlectrical 1" wide, .. 7, Scotch.

6) Acetoue. .
7) lokorode flux paste.

8) Rosin core solder, 60/40, Resir Five.

2) Soldering iron, wiping cloths, bench knife, 12" steel rule.

B. liachine Set Up:

1) Carriage travel is at the rate obtained by gear drive, using a
24 stud gear with left hend lever in position "A" and right hand
lever in position™:Z”. This gives 12 turns per inch.

2) Compound rest assembly should be away fram operator towards rear.
WIire holder ard tension device should be mounted in tool post so
as %o obtain raxirum clearance betweern end of brass mounting bar
of device =:d a0ld. (of. Fig. 4+9-1 on page 4¢9-3)

3) Carriage siiould be as {ar towards heed of lathe as is consistent
with proper sugasement of feed screve

4) Mold shoul: e old by jaws of chuck exerting oressure outwards
on ID of mold.

5) Slots in mold should be so displaced in respect to jaws as to
prevent incerference with one anothere.
7

-

C. Winding Instructions:

1) Winding is started by fastening free end of wire to end of mold
adjacent to lathe chuck. Start of winding should be kept away
from slots. Grid is made by having mold rotate toward operator
for a winding length of five (5) usable inches. Ind turn of
winding should be fastened with tape before cutting wire.

2) Connecting wire. Pieces of same wire as used for winding are cut
15 inches longe Individuel lengths are used. One end is placed
in slot in molid, ct herd of mechine, and fastened with tape. Wire
is then pulled taut. this is importantl), and fastened down at
slot in opposite cnd of mold. Wire exbending bayond end of mold
is placed inside of mold.
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Issued 7=20=51 . 4. STANDARD LABORATORY PRACTICES A 4,9-2

4,9 Standard Procedure for Winding "Signal Pickup Grids" Used on Face of

CRT Tubes.
3) Bach joint or poirt of contact to be soldered should he touched

4)

5)
6)

7)

lightly with the end of & finger on which a barely perceptible
amount of Nokorode flux paste has been placed. Soldering is
accomplished by using a 60 watt iron with a flat tip. Flux
remaining after soldering is carefully and thoroughly removed
with Acetone on a cloth.

BEach connection is gently probed to determine if it is firmly
joined. All points of contact must be connected.

Mold is then rotated 180° and above is repeated (2, 3, and 4).

Winding is then covered with tape, quarter lapped. First turn
of tape must be firmly fastened on itself so as not to cause
distortion of winding when taping.

Winding is removed from mold by cutting the winding lengthwise,
end-to-end, with a sharp knife. Before cutting, mold should be
rotated so that one set of slots are at top as this brings one
of the signal leads to the top. A steel rule is plsced about 3"
away but parallel io this lead, lengthwise along mold and above
winding to serve as s guide when outting. All wires must be
severed.

Extreme care should be exercised at all times during the winding
process.

If grids are not used immediately, they should be placed in proper con-
tainer with adhesive side up. A

"
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Issued 7=20=51 4. STANDARD LABORATORY PRACTICES A 4,9-3

4.9 Standard Procedure for Winding "Signal Pickup Grids" Used on Face of
CRT Tubesa

Adjust tool post to the left as
far as possible allowing proper
operating stability. Adjust ber
in tool holder to clear grid mold.

) . Adjust oompound rest assembly as
By &~ fur as possible to the rear (away
0 Prar cperator) allowing for
’ . opersting stability.

I RS LT TTE/A
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W . g p————
' w2 —
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b= 3 N 4
!
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Adjust varriage to the left as far as possible allmng proper
engagement with feed screw.

Figure 4.9-1 Iathe Set-Up
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4.10 Conventions in the Assembly of Plug-in Turrets.

Place turret in such a manner that the ball is away from you and
the hole for the neon lamp is to the left. The key in the ll-pin plug
should be to the left, and pins 1 and 9 on the 9-pin socket on top.
The bakelite card should be mounted so thet in this position the top

row of five lugs (lugs nearest to tube socket) is facing up.

L7



NATIONAL BUREAU OF STANDARDS

INA 51 - 4
Issued 2-19-52 4. STANDARD IABORATORY FRACTICES A 4,11-1

4,11 Numbering Prooedure for New Tubes.

The following procedure has been adopted for numbering new

vacuum ‘tubes for use in the SWAC.

1) Tube types which have only a general purpose use will be
mumbered congsecutively starting with one and going as far
as neocessary.

2) Tube types which have both general purpose and special
purpose uses will be mumbered as follows:

The general purpose tubes will be mumbered in odd-
mumbered-hundreds (100, 300, etc.) and the special tubes
will be numbered in even-numbsred-hundreds (200, 400, etc.).

In addition, the general ;;urpose tubes mumber will
be preceded by the letbér Go

The special purpose tubes mumber will be preceded by
a lotter which will signify the primeary use of the tube
according to the following code: A - amplifier, C - cathode
-follower, F - flipflop, L - low noise.

If the speoial purpose tube becames no longer usable

- for its speecial purpose, but is still good for gemneral use,
the letter G will be added in front of the existing number
to signify that it is a tube whose category has changed
from special use to general use.

When new tubes are received, it will be the responsibility of

thel person in charge of the stock roamn to have the tubes numbered

as above, tested (ef. A 4.12), and placed in stock.
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4.12 Testing Procedure for New Tubes.

Following is & chart listing reject conditions in testing

tubes used in the SWAC:

i Discard if ocut-off | Discard if 0 grid
Tube Type current registers | bias current registers

more than: less thans
B6AGT7 0e2 ma 40 ma
Flipflop
6AG7 0.7 ma 32 ma
General
6AG7 ' 07 ma 50 ma
Cathode Follower
Flipflop
12 AT7 Oo7 ma 8 ma
Gemoral
6ANS5 007 ma 32 ma,
6AS6 0e7 ma 8 ma

Notes The 2C51, 12AT7, and 6SN7 tubes must pass a noise test and

gm test.
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4.13 Procedure to be Followed on Receiving New Cathode Ray Tubes.

When cathode ray tubes are received, the serial mumbers will
be recorded on the invoi;ze immediately. Then the tube will be
che cked for possible mechanical faults. Attention should be given
to the deflection and post accelerator caps, if any, and the tube
base. Also a continuity check of the filament should be mede.

When the above has been dome, grids must be made and attached
to the face of the cathode ray tubes Also a band of tape should
be wrapped around the base for the tube clamp to grip. The tubes
should then be returmed to their cartons and stored until put
into use.

It will be the responsibility of the person in charge of the

stock room to see that this work is done.
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4.14 Procedure to be Followed on Receiving New Crystals.

Crystal color coding:

When new orystals are received they will be color coded.
This is to be dome in order to distinguish one shipment of erystals
fran another. The various shipments will be numbered in order
according to the R.M.A. color code, starting with zero for the
first shipment and proceeding fram there.

It will be the responsibility of the person in charge of

the stock room to see that this work is done.
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l1.15 Standard Procedure for Making Pulse Transformers.

#1-72 x 5/3% screw
Top label

Bookin :

Secondary winding

2 Turnz Scotch Tape

. Primary winding — 7

e— nd halt ferrite pot core

-Fishpaper

<« No. Z0 copper
terminal wires

#1-72 nuts

Phenoslic base
Botton label

Fi 1. CROSS SECTION CF PULSE TRANSFORMER

Start Sec.Start Pri. Finish Sec. Start Pri.
Long Wire Long Wire Short Wizje Long Wire

/

g

on Colo;ed
Background

AL /

Shor’b Wire Short Wire Long Wire Short Wire
Finish Sec. Finish Pri. Start Sec. Finish Pri.

Primary and Secondary Coils Primary Wound in Opposite
Wound in the Same Direction Direction from Secondary

Figure 2. REVERSING Figurs 3. NON-REVERSING
Trans. | Pri. Wire Sec. Wire Color Code
A 150 38 150 38 Brown
B , 150 L0 75 32 Red
BC 150 Lo 50 32 Orange
c 98 38 27 28 Ysllow

Table I. WINDING DATA &y,
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h.15 Standard Procedure for Making Pulse Transformers.

Coil Winding:

The bobbin (see Item 2, Table II, page Al.15-;) is placed on
the coil winder with slot facing to the left. The secondary winding
is wound on first, leaving the finish end of the wire shorter than
the starting end. Add one layer of scotch tape around secondary
winding. NOTE: Do not put any polystyrens cement on the secondary
winding as it adds capacity and causes the pulse to ring.

If winding a reversing transformer, leave the bobbin as is and
continue with the primary winding.

If winding a nonereversing transformer, turn the bobbin with
slot facing to the right before putting on the primary winding.

On the primary winding, the finish end of the wire is also
left shorter than the starting end. After primary is wound, one
drop of polystyrene cement is placed on the wire at the slot. To
dry and remove the excess cement, spin the coil at top speed.

Place scotch tape on lead wires of coil to idemtify non=reversing

transformer.

Manuf acturing of Transformer Parts:

Using 3/64™ fabric base phenolic (see Ttem lj, Table II), cut
out round base plate with 9/16" circular punch. Use special template
for drilling holes in the base plate. For large holes use #43 drill
and for the small hole in center use #49 drill. Use shank of #i3
drill for bending terminal wires which are ¥20 solid copper tin
coated. Insert eyelet (see Item 3, Table II) through terminsl wires
and base plate, and crimp with eyelet crimping pliers.

Use rubber stamps to print transformer terminal labels on proper
colored paper (IBM cards), using color codes in Table I, page AL.15-1.
Punch out with 9/16" circular punch and use template to drill cemter
hole (49 drill).

Punch 9/16" circular insulators out of ,006" fishpaper and
drill center hole with template ($L9 drill).
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Lo15 Standard Procedure for Making Pulse Transformers.

Asgembling:

Place a #1-72 NF x 5/8% round head brass screw through top
terminal label. Add one-half of ferrite pot core (see Item 1,
Table ITI,Aljd5-L). Place coil in core with lead wires down and
through slot. Put other half of core in place., On bottom of core
place fishpaper insulator and tighten down with #1-72 brass hex
nut. Place base plate ony; with terminal wires closest to ferrite
pot core and st right sngles to slot. Place bottom terminal label
on and tighten with second #1-72 bex nut. See Figures 2 and 3 for
the correct terminal connections for the coil windings. Wrap coil
leads loosely around the correct terminal wires and spply with
eyedropper Turco #2489 (WARNING: do not get on hands). Let stand
for approximately 15 mimutes. Lightly brush off with brush dipped
in acetone to remove Turco and insulation on lead wires. Rewrap
wires close to base plate and solder.

Castings

Set transformers on side with slot up. Mix thoroughly 1 tea-
spoon of Selectron Resin #5026 with ten drops of Duoprox hardener
(see Item 5, Table II). Pour small amount of plastic mixture into
slot of core until fully saturated. Let set for at least one hour.

Apply a film of mold release to the inside cavity of mold. Mix
up plastic as gbove and pour small quantity in bottom of mold. Hold
transformer over cup and pour plastic over transformer until covered.
Put transformer in mold and tighten down mold ears. Fill to top with
plastic and place a piece of cellophane over plastic so it will dry
free from stickiness and have a smooth appearance.

Bake in oven at 150° F for about 30 mimutes, Remove from oven.
Let cool till room temperature. Remove cellophane and flashings.

Release mold ears and genmtly lift transfermer out.,
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Lhe15 Standard Procedure for Making Pulse Transformers.

Table II.

1,

Materials Used in Making Pulse Transformers

Ttem

Cores, pot,
using Ferroxcube 3C
Potcore Type TF15L

Spools, plastic, for
Type TF15L cores

Eyelets, brass, 1/8
long x .069%ID x .088®0D

Panelyte, fabric base,
phenolic; natural color,
No. 900

Casting, plastic,

Selectron Resin #5026
(made by Pittsburgh Plate
Glass Company)

Source

Ferroxcube Corporation of America
11325 Washington Boulevard
Culver City, California

Same source as Item 1 above.

Andrews Hardware snd Metal Company
33L South Main Street
Los Angeles 13, California

Electrical Specialty Company
418 East Third Street
Los Angeles; California

Thalco
765 South Harvard Boulevard
Los Angeles 5, California
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5. TUBE CHARACTERISTICS A 5.1-1

5.1 6AN5

DESCRIPTION

The 6AN5 is a heater-cathode type, pentode power amplifier of miniature
construction. The design features of low triode mu, high transconductance,
high plate current end relatively low interelectrode capacitances meke it
particularly suitable for service as a wide band, RF or video power
amplifier in equipments with low plate supply voltages.

MECHANICAL DATA

ENVELOPE :
BASE:

T-E% Glass
Miniature Button 7-Pin
TERMINAL CONNECTIONS :

(JETEC Designation 7BD)
Pin1l Grida #1 ' Pin 5 Plate ) |
Pin 2 Cathode, Grid # 3 Pin 6 Grid # 2 . ,
Pin 3 Heater Pin 7 Cathode, ¢ !
Pin 4 Heater Grid # 3 £ £
MOUNTING POSITION: Any S °
L Q
ELECTRICAL DATA
DIRECT INTERELECTRODE CAPACITANCES: (ppfds)*
Grid ¥ 1 to Plate 0.075 max.
Input 9.0
Output 4.8
DESIGN CENTER MAXIMUM RATINGS:**
Heater Voltage (2.0e Or deGe) 6.3 6.3 V
Plate Voltage 120 300 V
Grid ¥ 2 Voltage 120 300 V
Plate Dissipation 4.2 1l.,70W
Grid # 2 Dissipation 1.4 0.56 W Bottam View
Cathode Current 50 20 ma
Bulb Temperature 140° 140° ¢

CHARACTERISTICS AND TYPICAL OPERATION - CLASS Aj AMPLIFIER:

Heater Voltage (a.c. or dec.) 663 V
Heater Current 0.45 amps
Plate Voltage 120 v
Grid # 2 Voltage 120 V
Cathode Resistor*** : 120 ohms
Plate Resistance (approx.) 12500 ohms
Transconductance 8000 pmhos
Plate Current 35 ma
Grid 7‘ 2 Current 12 ma
Load Resistance 2500 ohms
Power Output (approx.) 13 W
Grid Voltage for 1b = 1,0 ma max. =207V

* Using JETEC shield 7316 conneoted to oathode.

** The heater voltage should not deviate more than'+ 10 percemt from the
rated value.

**¥ Fixed bias operation is recommended only when the plate and screen

dissipation is less than 70 percent of the design center maximum

ratings.

The d.c. grid circuit resistence should not exceed 100,000 ohms for

self bias operation or for the limited fixed bias operation defined

above.

The dece grid circuit resistance should not exceed 250,000 ohms for

self bias operation in applications where the absolute maximum heater

voltage is 6.6 volts.
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6.2 Technical Information on Western Electric 350A and 550B Vacuum Tubes

Clagsification

Beam power tetrodes with indireotly heated cathodes.
The 350A and 350B tubes have essentially idemtical static character-
isties. The tubes differ in the way the leads are brought out and
in basing arrangements.

Applications .

The 350A tube is suitable for use as an audio frequency emplifier,
radio frequenoy emplifier, oscillator, modulator or frequency
mnltiplier.

The 350B tube may be used as an audio frequensy amplifier or as a
radio frequency osciliator.

Connéctions
Figures 1 end 2 show the arrangements of the electrode conneotions.
Basing

The 350A tube is provided with a medium, five-pin thrust type base.
The 350B tube is provided with a medium shell, seven-pin octal base.

S ockei‘.a

350A - Westeérn Electric 141A or similar socket.
350B - Standard cetal type socket.

Mounting Positions

These tubes may be mounted in any position. Provision should be made
for free ciroulation of air to avoid overheating the glass.

Direct Interelectrode Capacitances

_ 350A 350B
Control-grid to plate (naximmn)-n-n-u-o-u--n-- 0.3 ~0.5
Control-grid to heater, cathode and screen~grid.... 18 18
Plate to heater, cathode and soreen=gridesccccccc.. 8 9

Heater Rating

Heater vol‘baze @0 cosesevvsovese 603 ‘7’01158, BeCoe Or d.c.
Nominal heater current e...... 1.6 amperes

The heaters of these tubes are designed to operate on a voltage basis
and should be operated as near the rated voltage us possible.

The voltage between the cathode and heater should not exceed 150 vwolts.
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S5¢2 Techniocal Information on Western Electric 3504 and 350B Vacuum Tubes

Ratings

The 350A tube, having the plate terminal at the top of the bulb,
is capable of withstanding higher plate voltages than the 350B
tube. The 350A tube may withstand instenteneous voltages between
plate and cathode as high as 7000 volts, provided the tube is
operated in special circuits where its rated dissipations are not
exceeded. The 350A tube may be used at maximum ratings at
frequencies up to 60 megacycles.

The maximum operating conditions are given in Table 1.
Characteristiss

Figures 3 and 4 show typical curves of plate current and screen-
grid current as functions of control-grid voltage for several
values of screen-grid and plate voltage. For these curves the
screen-grid voltage is equal to the plate voltage.

Figures 5 and 6 show typical curves of plate current and screen-
grid current as functions of plate voltage far a number of control-

grid voltages. For these curves the screen-grid voltage was held
constant at 250 volts.

Operating Conditions and Output

Nominal performence data are given in Tables 2 and 3 for a mmber
of typical operating conditions. Less severe operating conditions
should be selected in preference to maximum conditions wherever
possible. The lives of the tubes at maximum conditions will be
shorter than at the less severe conditions.

The performance data include the fundamental power output for the
indicated values of load resistance and input voltage, and the
corresponding second and third harmonic levels. The power output
is given in watts and the harmonic levels in decibels below the
fundamentals,
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5.2 &%50A and 350B Vacuum Tubes

TABLE 1

‘Maximum Operating Conditions

A.F.Ainp ) ) R'F°AEP R.F.Amp

and Mod R.F.Amp Plate Mod and Oso

Class A Class B Class C Class C

350A
Direct plate voltage 600 600 475 600 volts
Direct soreen volfage 300 300 300 300 volts
Negative direct grid
voltage - - 200 200 volts
Direct plate current *125 85 90 **105 milliamperes
Direct grid current 0 5 5 5 milliamperes
Plate input 65 45 45 62.5 watts
Soreen dissipation 4 2.8 2.8 4 watts
Plate dissipation 30 30 20 30 wmatts
3508
Direct plate voltage 400 Not Not 400 volts
Suitable Suitable
Direct soreen voltage 250 250 volts
Negative direct grid
voltage - 200 volts

Direot plate curremt  *125 **105 milliamperes
Direct grid ocurrént 0 5 milliamperes
Plate input 50 50 watts
‘Soreen dissipation 4 4 watts
Plate dissipation 25 25 watts

* At maximm signal.
** Key down condition for intermittent service such as telegraphy.
For econtinuous operation the direct plate current should be
limited to 85 milliamperes.
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5.2 350A and 350B Vacuum Tubes

TABLE 2

Single Tube

Screen~- Control- Ampli-

Plate Grid Grid Plate fica- Plate Trans- Load Input Power
Volt- Volt- Volt- Cur- tion Resist- oonduc- Resist- Volt-  Out-
age age age rent Factor ance tance ance age put

Milli- _ Peak

Volts Volts Volts amperes ' Ohms  Micromhos Ohms Volts Watts
250 250 o =14 94 287 35,000 * 8,200 1,500 14 8
2,000 14 10
2,500 14 10
300 250 -16 80 339 44,000 7,700 1,500 16 9
2,000 16 12
2,500 16 13
350 250 -18 65 364 52,000 7,000 2,000 18 13
3,000 18 15
4,000 18 15
400 250 =20 53 400 64,000 6,250 2,000 20 15
' 35000 20 18
4,000 20 18
500* 250 =20 55 430 67,000 6,400 2,500 20 18
: 35500 20 22
5,000 20 24

* Applies to 350A tube only. Maximum plate voltage for the 350B tube is
400 volts.

TABLE 3
2 Tubes

Push-Pull Amplifier = Class AB

Plate vol‘bage. ceseeesd00 volts Plate current. seceson. 82 millia.mperes
Screen voltageée......250 volts Load resistance.......5000 ohms
Grid voltageesceesese=22 volts Power output..ceececs. 40 watts

Input voltage -
grid to grids..s.... 44 peak volts
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5.2 350A and 350B Vacuum Tubes
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5¢3 Technical Information on Western Electric 6AS6 Vacuum Tubes

3/4 Max. -
1 3/4 Max. |
14 Max.
w1

+040 + .002-»“-(—

Grid 6,
athode
(7% |
" Grid Gy o Heater
Grid Gy Heater

Plate

Note: Tube pins shall by weight of tube be capable of entering a guage
1/4 thick, having 7 holes of .052 D. located on true centers of
the pins. With tube seated in the pin gauge the glass envelope
shall freely pass thru a .7551 D. e¢ylinder which is coaxial with
the specified pin cirecle.

Classification

The 6AS6 vacuum tube is a triple-grid pentode with an indirectly
heated cathode. It is intended for low power applications at high
and ultra-high frequencies. The usual control grid (grid No. 1)
and the suppressor grid (grid No. 3) can be used as independent
control elements. The tube is suitable for use in gated amplifiers,
gain controlled amplifiers, delay circuits, and mixers.

Mounting

The dimensions and arrangement of terminal connections are shown
in the above drawing. The tube may be mounted in any position.

Heater Rating

Heater voltage 6+3 volts, a.c. or d.c.
Nominal heater current 0.175 ampere
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5.3 Technical Information on Western Electric 6AS6 Vacuum Tubes
Meximum Ratings (Design-center velues)
Maximum plate voltage 180 volts
Maximum screen voltage 140 volts
Maximum positive suppressor voltege 27 volts
Maximum plate dissipation 1.7 watts
Maximum screen dissipation 0,75 watt
Maximum cathode current 18 milliamperes
Maximum heater-cathode voltage 90 volts
Maximum bulb temperature 120°C
Operating Conditions and Characteristics
Plate voltage 120 120 volts
Sereen voltage (grid No. 2) 120 120 volts
Suppressor voltage (grid No. 3) -3 0 volts
Control-grid voltage (grid No. 1) -2 -2 volts
Plate current 3.6 5.2 milliamperes
Screen current 4.8 3¢5 milliamperes
Transconductance, grid No. 1 1850 3200 micromhos
Transconductance, grid No. 3 810 470 micromhos

Grid No. 1 Plate Current Cut-0ff Characteristics

Plate voltage 120 volts
Screen voltage 120 volts
Suppressor voltage 0 volts
Nominal cut-off, grid No. 1 -0 volts
Guaranteed cut-oft, grid No. 1 -10 volts
Grid No. 3 Plate Current Cut-Off Characteristios
Plate voltage 120 120 volts
Screen voltage : 120 60 volts
Control-grid voltage -2 0 volts
Nominal cut-off, grid No. 3 -10 -8 volts
Guaranteed cut-off, grid No. 3 -15 -10 volts

*Interelectrode Capacitances (With shield, connected to cathode)

Control-grid to heater, cathode,
screen-grid and suppressor-grid

Plate to control-grid

Plate to heater, cathode,
screen-grid and suppressor=-grid

Grid No. 1 to grid No. 3

209 micro-microfarads
0.01 mioro-microfarad

2.8 micro-microfarads
0.1 micro-microfarad

* Measured with the pins shielded from each other and from the
elanents of the tube.
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5.3 Normal Pentode Characteristics 6AS6
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503 Suppressor-Grid Characteristics 6AS6
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6.1 Comparison of General Electric and Sylvania Crystals
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6.2 Stabic Charactariscics of Sylvania INIS “rystals.
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7.1 Laboratory Power Supply.
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7.2 Regulated Laboratory Power Supply 1.
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7.2 Regulated Laboratory Power Supply 1.
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7.2 Regulated Laboratory Power Supply 1.
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NATIONAL BUREAU CF STANDARDS

Issued 12-18-52 7.

7.3 Regulated Laboratory Power Supply 2.

PONER SUFPLIES _

IMA 51 =)
A 7.3<6

([ WAV
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Rag i Reg. .
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& Series ! Series ; N
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b - =\ & Supply
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§ C Meter ! D Meter )
]
\ c | D =
r Rago l ch- - ~
- | -
y ] |~
H  Serfes | Series [
- Arnm i Arm = )
L B Supply
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[ 78,
MANNANAN Y NOTE:
: = ' A1l Jones Strips
L C Supply numbered left to
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D Supply J
Fil. Panel =
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Dwg. No, 6 = CABLE DIAGRAM -~ FRONT VIEW
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NATIONAL BUREAU (F STANDARDS

INMA 51 - )
Issued 5-5-53 7. POWER SUPPLIES _ A 7.h-1
7.4 Regulated Laboratory Power Supply 3
High Voltage Supply for CRT Memory Test Unit. .
Schematic Disgrams for Regulator A and Regulator B:
REGULATCR A  (+125 to +175V)
—O JC15
&
“m
g
L s
S
Y
@0
5%
A
b YELLOW
ol Q JCL6
fes
JB6 T
8 C
117V AC I
C —— st — —
JB3 REGULATOR B (+225 to +275V)
Vs, V6
. 2 6AQ5's in parallel
GREEN O JC13
&
“m
; gy
F< o
e O .
8 8
&5
'Pa YELLOW
: JC16
55‘% cwe ©
Fre S




NATIONAL BUREAU OF STANDARDS

INA 51 - )4
Issued 5-5-53 7. POWER SUPPLIES A 7.L=?

7.4 Regulated Laboratory Power Supply 3
High Voltage Supply for CRT Memory Test Unit.

Pewer Supply for Regulators A send B (350V - 150ma):

#350V
87V
3.

L,
EMR

o—CREEN WITH WHITE
YELLOW
DAAYA

Merit C-3182
10H-250ma

r~Tg 'i

JB6



NOTES ¢ 1) All voltages referred to

green wire as OV unless otherwise noted.

2) SW Open: Output = -1470 to -1800V SW Closed: Output = =1200 to -1L90V

V7 3504

JD16 N l [ ]’
435 to L5 ma 200K | =
(No external '
load)
2000V ‘
Supply .1
—2000V]
_1200
to -1800V
Y 4
0-20
313 6 10-20 ma : : ,.W
~ : L J6K ]
REGULATOR B Cbow S T
2507 | -
JD15 G 2 2. TELLOL T g e J\S
" CRT LOW JBS A-JB7 JBé S B JB6. 9 O JB11 oRT TG e N 016
VOLTAGE 117V AC 6.3V 117v 6.3V 117V AC 6337 VOLTAGE EMR
B A-JB8 JB3 B JB3 O— -OJB12

SCHEMATIC DIAGRAM ¥CR REGULATOR C

(-1200 to -1800V)
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NATIONAL BUREAU (F STANDARDS

INA 51 - )
Issued 5-5-53 7. POWER SUPPLIES A 7=l

7.4 Regulated Laboratory Power Supply 3
High Voltage Supply for CRT Memory Test Unit.

Power Supply for Regulator ¢ (2000V - 300ma):

wn
o 3 a
20k - 0F
o [ 3]
& [ 3] ]
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i &m
§Eq |0
r N ]
__.c2
1] *
= 8
8(5a 8
w335 w
e ©
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T o
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28
DN
g (Mo [E9e
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Outlet s | ’ 2
- - To Remote Control Jc13 o PEG: B
JE3 JE1 JE2
“swtnen  Time ' 29 9
Delay | BLACK —
L o o—9——9 W L — : Safety
° 3 | ;S‘Hi'b@h 1
g g5 : | o8 o I
—o0
! %_[ ie o\ _¢— 2 | Plates
AC Input ‘ b5 dﬁ gzs . 4
Jelay anfl \“Relay P
Reset | Plates| W:i_
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ar Nﬁggm NES1 o\
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NATIONAL BUREAU OF STANDARDS

4 INA 51 - )4
Issued 5-5=53 7. POWER SUPPLIES A 7.4-6
7.li Regulated Laboratory Power Supply 3
High Voltage Supply for CRT Memory Test Unit.
Fuse Schedule and Transformer and Plug Lgyouts
FUSE SCHEDULE
D. C. Fuses
l‘o .lBOA - mG» C ("1200 t'O -].BOGV)
2. .180A - REG. C + REG. A (REG. A = +125 to +175V)
3. .180A - REG. C + REG. B (REG. B = +225 to +275V)
A. C. Fuses
1~o SA + 0180A H'ov‘c Pl&tes Tl, T3
2. 3A L.V. Plates T7
v 3. . :
L. 1.3A H.V. Filaments T,
5. 1.3A L.V. Filaments Th
6. 1.3A L.V. Filgments TS’ Tgs> Tgs ‘1‘9
- TRANSFORMER AND PLUG LAYOUT
POWER SUPPLY CHASSIS REGULATOR CHASSIS

CAP. CAP,
N , )

[

JONES  STRIj

CH.

E10E]
= | |
s

[ ]

B66A  866A

TOP VIEW _TOP VIEW EMR

NOTE: Plug JE is located on side of Test Rack near AC Input.



NATIONAL BUREAU CF 'STANDARDS

INA 51 - |
Issued 5-5-53 7. POVER SUPPLIES A 7.7
7.l Regnlated Laloratory Power Supply 3
High Voltage Supply for CRT Memory Test Unit .
Transformer and Relay Schedulss
T, MERIT P-3168 RELAY 1 SIGMA LA-2500G
PRIMARY Coil: Resistance - 25002
Common ~ Black Current
Low -~ Green Maximum - 20ms
High - Brown Operate - L.Oma
SECONDARY Release - 3.%ma
Low Primary - 3600V GT Contacts: 24 - 115V AC
High Primary- 4200V CT Non-Inductive
T, - STANCOR P-3060, 10 KV Insulation RELAY 2 POTTER and BRUMFIELD SU1T7A
PRIMARY - Black Coils 2W, 110V - 100msg, 50 to
_ 60cps
SECONDARY - 2.5V, 10A Volbage
' Maximum - 100V
Ty POJERSTAT 116 Operate - 8OV
PRIMARY - 1KV, 7H Release - 70V
Comtacts: LA - 110V AC
T), MERIT P-2948, 2.5KV Insulation , Non-Trductive
PRIMARY - Black
SECONDARY -~ 6,3V, 10A RELAY 3 - same s Relay 2

Green-Qreen Yellow REIAY L - same as Relay 2

T5 STANCOR P-4019, 2.5KV Insulation

PRIMARY

Common - Black
117V -~ Black Red
107V - Black Yellow

SECONDARY
6.3V, LA CT, Green-Green(2 wires)
T¢  MERIT P-30L1, 2.5KV Insulation
PRIMARY - Black

SECONDARY
6.3V, 3.6A CT, Green-Green Yellow
5V, 3A, Yellow-Red Yellow

T, MERIT P-3 156

PRIMARY - Black

SECONDARY
870V, 250ma CT Red-Red Yellow
80V Bias Tap Red

6.3V, 3A CT Green-Green Yellow
6.3V, 3A Blue

oV, 3A Orange

5V, 3A Yellow

2.5V, 10A Brown

Tg MERIT P-2946, 2.5KV Insulation
PRIMARY - Black
SECONDARY - 6.3V, 3A CT, Green-Yellow EMR

Ty Same as Tq



COMPARION OF VARIOUS (H ARACTERISTICS OF DCC AND BOC “@'TH BTS AND WITH

APPLICABLE SEECIFICATIONS FIGURES I

ICVWN ARE AVERAGES #

40°C Load Life 0°C_Load Life
500 hrs, 200 hrs, 125°C Half Ioad Humidity Bell Iab,
Mil Mil 300 hrs Mil
Value BTS DDC Spec, BOC BTS DCC Spec _ BOC DCC BTS DDC Spee  BOC
100 Ohms g'_lc8 . “005 190 ‘@'Ool ilog 02 300 ql 03 4'-109 ‘&066 500 *106
1,000 ohms +le4 <Co5 1,0 #4002 #4265 -82 360 ol — #le3 43 560 +1,7
l0,0m Oh.ms 9299 "005 100 *Qo‘i “306 03 300 el 33 '&2@8 *1 500 ‘*108
1.00,000 onms 22.06 =005 1@0 ¢Oo£§- ilog 08 300 56 032 4’209 &1 500 '5'199
500 K e -“og 100 008 - 3&0 08 e +1 500 +2
1 mgo -.198 =l 0 “2@8 104 3;0 997 4’496 +2 500 oo
Temps c03ff, Parts/million Solder Mafﬁﬁ C to +125°
Noise micro volts/volt M MIT Mil =55 to 859
Valus BTS DCC_ BOC BTS  Sieco DCC Sm@ce  BOC BTS DCC Spas, BOC BTS DCC Spa Qs BOC
100 ohns o= Ol Osl =27 500 =270 | 100 =50 #0o7 =0o1 03 EXa P A 4004 Dol 160 Qs
13000 ohms 193 0.2 062 Q3?‘0 5@0 =300 100 <100 4'036 "Qol o5 +0,1 i002 +0 loo iO
10,000 ohms 243 Cs3 002 =50C s00 =325 | 100 «100 40,5 <01 3 #0605 # ol =0Oel 1.0 =Jol1
1009000 chms 294 004 004 80 50’.) =35O 200 "’150 ‘_i:OaS '5'0@1 o5 0ol #Oc[} Ds2 190 ¢091
500 K = 0,48 0,48 == 500 =385 | 200 =180 I 5 +0o1 === el 1o0 (el
1 mg 899 loo = -250 500 4% s e i 04 =002 cme oo - 04 &ol 100 hiad

#* DCC = Deposited Carbon Resistar,

BOC = Boron Carbon Resistor,

BTS = IRC Carbon Film Resistar.

"HIO3ETECY SIE YR DOE PUe DOQ JO UCHLLed®d) T°Q

23-6-9 Potss]

SOLISIWEZOVEVR) SISNEMOD @IV H0ISISIY

hrue

‘-l"O S .Vl
1

SAET LS 40 MVERMNE TYNOT IV



NATIONAL BUREAU OF STANDARDS

Issued 11-18-49 l. ARITHMETIC UNIT INA 51 - 4
Reissued 7=17=51 B lel=l

1.1 _A_ Register.

= _Z / a [No.1 ve
o—(FF 19 ' o~ o

C Out ~

(Carry Out) , ' (Carry In)
7 - Or
T4
—@-—C-And No.2| { | -And +Not

e

L 4
<
o

(Delay line mounted
~externally on rack)

1 -
© >1—<>" S} \ Shift Out
Shift In v v8 i\

© O © '+ ©
ANy, K(A) Shift Gate c1(a)

A\ A V 4\



NATIONAL BUREAU COF STANDARDS

Issued 11=~18-49 | 1. ARITHMETIC UNIT INA 51 - 4
Reissued T=6=51 A . B le2=1
l.2 M-R Register.
D\ Y Aar v
BeM, MsR, IsR C1(R) R®O Shift
©© O ©00
1 V3 T4 0
R 1
Des
{ I (c) |
Vol 1l V2 -i_-/\_
f Shift
{ "T—]‘— Oub
; 76 __.©

fV?

=

@E—o © 00 00

mi, mH AWM K(M) M»A  CL(M) Momp Memp MsCp iBC

N+ P VS I A V Ay W V ARV A
ML

M-R REGISTER



NATIONAL BUREAU OF STANDARIS

INA 51 - ¢

Issued 12-21-49
B l.3-1.

Reissued 6-13=-51 1. ARITHMETIC UNIT

1e3 A Sign Chassis (Supersedes 12-21-49 issue entitled A Sign Register).

v L A
Sign 2

DO

V1
vizf Ls7)
+| ai(O—{1

A rnQ-

| xS =2 ,

iA':Sjin S T L V6| bANS [

v10 1 ot —4 C\) 0 v7
0 1
A Y
o V5 Va o
V9
D )eaxs V8
EANS

Y &
© © 0

-Sign A CL{A) 4Sign A
Out Out
*To Drivers *_/L i/\_ _".'_A.
And M Sign

A SIGN CHASSIS



NATIONAL BUREAU OF STANDARDS
Issued 12-21=49 INA 51 - 4
Reissued 6-13=51 l. ARITHMETIC UNIT B 1l.4-1

le4 M Sign Chassis (Supersedes 12-21-49 issue entitled M Sign Register).

A RS W R )
Add K(M) K(A) coI K(M) + K(M) Sub-K(M)
$o¢ ¢ T

Vil| 1

S
(To

V3

@.__—_’.l—'

© © ©0 © ©

Sign 1 A>M Mpm M#nbr MaA M?GT Cl(M)
jf +A

M>Rp
AV R A I A -V

M SIGN CHASSIS



NAT 0L .« ETREAT P STANDARIS

~igr1a? 1lm2 e le  AmlTinieT o oTwop INA 51 = 4
heignned Tw lehl 3 le5=1

P, -~ o B £ s < - - am e . .
2o 7 Bign Chessls (Svpersodss 1im2l=dC inup asntitled T Digv. Reolster).

o\ A
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NATIONAL BUREAU OF STANDARDS

Issued 12=29-49 l. ARITHMETIC UNIT INA 51 - 4
Reissued 7=10=51 B ls7=1

1.7 Broad Pulse Driver.

©

+165

Type C

< Output 40 V
< Across 47 ohms

363

1 mo Coil

0.01 | 0.001

100K

-15 @J‘”

BROAD PUISE DRIVER



NAT IONAL ~BUBE.A;U F STANDARDS

Issuod 1=31=50 le ARITHETIC WHIT WA 51 - 4
Reissued 7=5=51 - | B 1.8-1

18 U Overflow.

V- V6 N +\L
O O—O———0

+/\L V4 5 +/\_
O—L—>—00—< ©
RO In i RO Cut
+L
1
R

N

©

c1(M)
el +/\_
V2 *+/\_
®) </I\ © "
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M A @K(M)z

©
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NATIONAL HUREAU OF STANDARDS

Tgsued 1=31-50 1. ARTIHMETIC UNIT INA 51 - 4
TMeissued 7=6=-51 B 1le9=~1

et Thudbiply Diglt.
V6

+/\
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Shift AsR¥* . Shift ZeR*
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©
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from TC
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* Shift from F4 of A ho ol of Re

-7 A y
"From P4 Shift Ouk Ve TL . Gl(fﬂ.)
of R (nltiply Diglt
- r
© —~&- -Q
o In To carry iuput
(From Controls) of P4 A Chassis

/s
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Monitor Sw. moM
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CRT
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NOTE 2 TEST POINTS rmaRikeD 7705 ()—w
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NATIONAL BUREAU OF STANDARDS

INA 51 ~ 4
Iesued 5 7-52 2. MEMORY UNIT B 2o%.

S

Y

e

202 CRT Amplifisr (Expsrimental)

+250 +165 %H pu

2 27zw =15 i

~165
GA65

cAES
-

\A/,
I

(RT AMPLIFIER (Exrerimsntal)



NATIONAL BUREAU OF STANDARDS

2.

INA 51 - )
B 2.3-2

Pos. # 1
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Deflection Drivers

Issued 5-15-52 MEMORY UNIT
Reissued 3-1-5)
2.3 CRT DC Deflection System
Block Diagram:
(xx20°:unt°r) C— @)y ] Stage X2 (x)
S9 O— sl Deflec-
(S Register)f-— —— ] G =] tion
xi Adder
; =
- — ] X5
SBO———_%_ B
Xho—wf @ ~ 1 ,
) T
S70——‘—~_ %5 A E (x)
a ' 1+ | Deflec-
% X o tion
' .
'_#_.. Adder
Bo—] 77 .
$6 O——m! — X
"" 'i' (Halver)
osp° {
ﬁl
(Halver) ! ;
"
5P o 4 1
(Halver) » i
(5 Sawtooth QGenerator
* ' Start ST {
(Gating D)
8lo— ~ T 7] L Y2 ] (Y)
Y50——m Deflec- }
= ] 13 a  tion
Y4 » Adder
S20—d "~ "7 n .
WOo—= & | :
3]
S3 00— 'g T , i
B O‘—"__m _ _'—— n’ r. (I )
(S Register) 11 Deflec-
b6 4 tion
' | Adder
Sh o—f" """ =
ro o 4 |— T .
(Y Counter) LD -,
BLOCK DIAGRAM

55

X Defl.
to Console

Y Defl.
to Console



NOTE:

1)
2)

¥ 3)

. 200R. v ' :
> . ovrT 1St
+1657 w Approx. +12 o A1l Stages

+1657 o—¢-

~165Vo—AAA r—a- Approx. =120V

SOW ww
I

Four stages per chassis.

Stages 1, 2 and 3 identical

to above schematic. o

Stage lj differs only in that

plate resistors of &CL6's are 3.5K.

P

To A1l Stages

) §'
| LOK
1% % §33x 56K
B 1€, _
-330" _L i Ch¥,
_1:.01 .01;
- oy

TYPICAL ADDRESS SELECTOR STAGE TYPE A
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Issued 3-1-5)

NATIONAL BUREAU OF STANDARDS

2, MEMORY UNIT

2.3 CRT DC Deflection System

Address Selector Type A (Block Diagram):

———!
S$f o0

INA 51 = )y
B 203"3b

V3

Stage 2

1

vi

Stage 2'

?

=
o)

Stage 3

1

tage 3'

Y

Stage L

%)e

v.ie

Stage L '

I I B B e

ST’J O— '
Counter -
Stage

V1
| K ]
nS® Reg O
V2
Counter
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Issued 3-1-5)

NATIONAL BUREAU OF STANDARDS

: INA 51 - |y
2. MEMORY UNIT B 2.3-3d

2.3 CRT DC Deflection System
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Address Selector Type B (Bloek Diagrenm):
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 NATIONAL BUREAU CF STANDARDS

Issued 3-1-5) 2

2.3 CRT DC Deflection System
Deflection Adder (Tagboard)
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NATIONAL BUREAU OF STANDARDS

‘IMA 51 = )

TIssued 3-1-5) 2. MEMORY UNIT B 2.3-5b

2.3 CRT DC Deflsction System

Sawtooth Generator ,\(Ta.gboa:”rd) :
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NATIONAL BUREAU OF STANDARDS

Issued 3-1=5

2.3 CRT DC Deflection System

2, MEMORY UNIT

Deflection Driver (Tagboard):
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NATIONAL BUREAU OF STANDARDS

Issued 5-20-53" 2. MEMORY UNIT INA 51 - )4
Reissued 315} B 2.3=7

2.3 CRT DC Deflection System

CRT Astigmatism Voltage Supply:.
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Issued 12-29-49

NATIONAL BSUREAU CF STANDARDS

INA 51 = |
Reissued 5-12-53 2. MEMORY UNIT B 2.4-1
2.4 CRT Clamping Circuit.

To CRT
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CRT CLAMPING CIRCUIT
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NATIONAL BUREAU OF STANDARDS

\ - INA 51 - L
Issued 3-1-5) 2. MEMORY UNIT B 2.9-2
2.9 Console Circle Generator
Tagboard:
)
0 N ~ 0
vy U v ‘8
@) @)
N
: T
() @ i"
AN
& q
G
¥ Y N
AN AN N\
O 0O O
#/
Z
2 p_lg,
\|
AQS
/3 (<3
' N
§ ¥
[\)
\ N
O——C N @
. S 9%
t o( O
N N N AN
S \\)
T Y 9 AN
: Q
O—0O o}
Y DEFLECTION /N NOTES S . '
GROUND | /. FIAMENTS 0F vaivs Ry crferz
FILAMENT AT —/65 VOLTS ‘ 2.FILANENTS OF VIFVe TOCSFCl
FUAMENT AT GROUNO , 3. 53 OF V2 70 £ OF V2 -
X DEFLECTION 70 CR7 'S
X DEFLECT/ON /A TEST POINTS?
+t2850 VOLTS W/ Y OEFLECTION
-/65 VOLTS [(REG) , W2 X DEFLECTION

Mo GATE /NPYT

Y OELLECTION 70 CcRTS
E/EArPENT A7 —/65 VOLTS .
FILAMIENT AT GROUNMND

il



NATIONAL BUREAU CF STANDARDS

Issued 7-25-51 : IM S1 -
Reissued 7-31-51 3. CONTROL UNIT B 3.1-1

Reissued 12-4-52 | |
3.1 £ Counter. (Supersedes page B3.1-2 dated 5-15-52)

Block Diagram of Counter Stage:

Carry
Output

Schematic Diagram of Counter Stage:
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Issued 5-15-52 I S1 -4
whﬁﬂﬁanWWWMMW 3. CONTROL UNIT B33-1
3.3 Produst Counter _ hn
L&
et i Rtk | M.m
" .. —O
“ w 1 dog
—_ m <) -3
8ol 3 O—ncy 24
; ! ! m m.w. nw" , [ X)
o | |8 S8 S B g
N C , > -5t te
= = L w8

PC-D

B . X '
t

_—

'
'
. .
i
H
'
|

WK™

| PC-D

——em A - =

PC<D

PC-D
g

v2
3
é8rS

A

t
rllllll)|l0||ltilbllll|rl'||llliolll|l|b..|0|

BLOCK DIAGRAM

i
I
t
|
I
1
1
[
|
|
4
1
[
'
t
'
'
|
s
i
L]
'
'
[
)
[
)
[
'
'
'
[
[
'

-A

hr e o = B mE G- oEm o ® o n e - . e - —- - -

FC

A1l FP 12407
A11 CF 12207

T T

All Gates GAS6 unless marked otherwise .



- LnT

EJ T

$qnofBT y-od 3TuUN UI-3nTd

Joquuo) 3oupoad €°€

€9-52-¢ peuss]

'€

LINO TOUINOD

SQUVANVIS & NvEund TYNOILVN

@)
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CANNON PLUG CONNECTIONS: .
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CANNON PLUG CONNECTIONS:
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20.
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CANNON PLUG CONNECTIONS:
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NATIONAL BUREAU (F STANDARDS

INM 51 - L
Issued 4-17-53 3. CONTROL UNIT B 3.3=10
3.3 Product Counter
Wiring for Back of Product Counter Panel:
Jones
JONES PLUG CONNECTIONS: 11 12
1. 6.3VGrd.Side7. +165vV . |9 10
2n m 80 "2W 7 8
3. N 9, -165v |5 6
L. N 10, -15V 3 L
. 6.37 11, §2=1 1 2
6. &2=? 12, S2=0
Ic-9 IC-10  J6 J11 J12
B - o= < PC-B J T J
1 N FET M A I 1 7 ?: 1 ‘-
53y 1on
IC-8¢———-2 16 15 g . IClel 2 11—
28 91027 11 28 16
A 4 4
w11
IC11
11 5 17 11 S y,10 11 22
o « L 22 7 oy :
17 22+ PC-DI6 < PC=D32
1 PC-D8 1C-3« 2 23 1020 23
CIC<h—+ 2 23 « - ¢ 28 r¢ = 4
1 2 28 16
+8 lﬁ A ’ 6 A I
UCI-S i
5 X7 11 5 P n 1
17 22« To 2% -0, 22+
FC-D1 10~ ~—1 2 23 L0512 23
I0-T4+— | 2 23+ '
28 16 28 16 28 1
) } 4 4 A
| . . 1
/ m"'s CH’Z
UC-9 i Uc-10 " ue-3
Uc]-é UPPER Uc-7
UPPER CANNON PLUG CONNECTIONS: O on]  LOWER CANNON PLUG CONNECTIONS:
1. X 7. ST+ FC : l. 82 neon 7. S9 neon
2. sp° 8. §6 + FC LOWER 2. S3 neon 8. Start neon
3. C1(Fc) 9. Sh+ FC CANNON 3. Sk neon 9. Stop FC
L. 2.0us delgy 10. §3 -+ FC PLUG-IC L. S6mneon  10. Shift and
Se o9+ 11. S2 -+ FC 5. &7 neon Add
6. S8~ FC 12. Out to 6. &8 neon 11. Start PC
2.0us delay "12. NC
NOTE: UC-2 conmnected to UC-12 on PC Panel., wik ?Z



Issued 7-1«53

NATIONAL BUREAU OF STANDARDS

3.4 Breakpoint Operation.

3.

CONTROL UNIT

Block Diagram for Breakpoint Control Chassis:
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3.4 Breakpoint Operation.

A. Breakpoint Chassis.

The Breakpoint Chassis is located in position A3 - 182 of tlie
Arithmetic Section of SWAC and is shown in block diagram on page B3 .41
of the Engineering Manual.

B. GCollatcr Input.

When an IBM card has a hols punched in column 79 in the row being
read by the collator, flipflop V1 is set allowing a M ~+ m, pulse to
read & "one® into the Breakpoint CRT in position £95. During the
following machine cycle a C1(C) pulse (Period 8) will clear the V1
£1ipflop preparing it for subsequent input. The action of the gate
V3 is allowed or inhibited dependent upon the position of the Break-
point switch located on the console.

C. Insertion of Breakpoint Digit.
To insert a Breakpoint Digit in an address an input breakpoint
command (60 in §) with the desired address in « is obeyed. Vi

controls the input of a “ome" to the Breakpoint CRT and V9 on Gating
A allows for regeneration of the rest of the memory. This input

breakpoint command is the only input command in which the contents
of the address is regensrated.

D. Removal of Breakpoint Digit.

To remove a Breakpoint Digit from an address an output breakpoint
command (60 in §) with the desired address in o{ is obeyed. V7 and
V6 inhibit GP for the read-out of the address in o, thus writing a
"zero® in the Breakpoint CRT.

E. Read-out of Breakpoint CRT.

For read-out V11 senses the output of the CRT. The gate pulse to
Vllis derived from m = Ht but allowed only during Period 7. Thus,
Breakpoint Digits will be affective only when in command words. This
is controlled by V9 and V10. Flipflop V8 is set if a Breakpoint Digit
is present in a command and lights the console Breéakpoint neon. This
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3Ji Breakpoint Operation.

flipflop is cleared by C1(C) (Period 8). Read-out of the Breskpoint
CRT can be inhibited by putting the console Breakpoint switch down in
the OFF position.

The delay line which delays the Stop Ft 2.0 microseconds is
located in back of the control rack.

F. Breakpoint Switch (on console).

The eonsole switch marked "Breakpeint® inhibits collator input to
the Breakpoint CRT (f5) and also inhibits read-out of the 45 CRT which
causes the machine to halt if a "one"™ is stored. This switch has no
affect on insertion or removal of Breakpoint Digits into 45 CRT.
Breakpoint Digit action is inhibited when switch is down in the OFF
position, allowed when switch is up in the ON position. The Breakpoint
CRT 45 is cleared when the Breakpoint switch is pushed up to 'the

nomentary contact position marked "Clear®.

- G. Additional Information.

M+ m, delayed 0.6 psec is mixed with GP so that the Breakpoint CRT
will receive a regemeration gate pulse during a normal read-in. This
prevents loss of Breakpoint Digits during normal read-in.

Flipflop V9 coupled through V2 is used to insure the presence of
a GP during Period 7 read-out. If I-0 code "6® and HO were present
during Period 7, without V2 input as an inhibitor, a Breakpoint Digit
in the command beix;g read out would be removed.
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L.l SWAC Power Specifications.
SUMMARY OF FILAMENT SUFPLIES F(R SWAC
Transf. Volt. Rated Rated ‘
Ttem Ser.No. Ref. Breskdown Amps/Phase K.W.
Arith. Units 9717 0 2500 V. 135 2.55
Arith. Units 9718 -165 2500 V. 100 1.89
Input-Output 9719 0 2500 V. 60 1.13
Control + "C® Reg. |
+ CRT Control 9720 0 2500 V. 60 1.13
All O Volt
Regulator Heaters 9721 0 2500 V. 75* -
CRT Tube + 12AU7 %
+ 6ALS 9722 -1800 5000 V. 70 O.LlL
+165V Reg. Series Arm 9723 +165 2500 V. 60% 0.28
CRT Amplifier %
Regulator . 972} +250 2500 V. 60 0425
-330V Heaters in SWAC 9725 -330 2500 V. 8" 0.03
+200V Reg. Series Amm 9726 +200 2500 V. 20" -
Summation Volt. %
Reg. Series Amm 9727 +250 2500 V. 20 -
D.C. Supply for CRT
Amplifiers, Deflection
Drivers, Deflection ° 2500 V. - -
Adders, Sawtooth Chassis
2-Thordarson Type T-21F10 for: %
~-165V Reg. Amplifier -165 1600 V. 3.
2-Stancor Type 6309 (20 amp) %
~165V to Imput-Output ~165 - Lo -

# Single @ Transformer

NOTE: All transformers to be electrostatically shielded.
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L.l SWAC Power Specifications.

SUMMARY OF UNREGULATED D.C. POWER SUPPLIES FOR SWAC

Item Volts Amps . Power Supply Capacity
Arith. Units +165 211,30
CRT Chassis 6.00
Controls 0.85
Product Counter 0.015
Timing Chassis 1.10
. LO amperes

Arith. Units +135 S.a. S.l 6 amperes
Controls +120 'S.G. 0.015 (Bleeder from +135V)
Arith. Units +25 6.0 6 smperes
To +165 Reg. +270 5 aapere/s
CRT Amplifi’er\ ‘ +350 h.O 4.5 amperes
Arith. Units =15 6.80
CRT Chassis 0.03
Controls 0425
Product Counter 0.10
"C® Chassis 0.10
Timing Chassis 0.20

T58 10 amperes
Arith. Units =25’ L.l S amperes
Arith. Units ~165 12,90
CRT Chassis ‘®
Controls 0,35
Product Counter 0.18
Timing Chassis 0,30 \

1,33 20 amperes
Arith. Units -180 0.5 500 ma.
Controls and Arith. =330 0.15 150 ma.
HV 0~2000 100 ma:
250 (HV) 350 500 ma,
150 (V) - 200 750 ma.
To =165 Reg. =270 10 amperes
To _330 Re . _,425 R el
Flexo. -16 =165

" =35 . =200

'

NOTES: 1) All output leads (both the + and -) mast'be brought out
and insulated from chassis and ground.

2) All supplies to have a regulation of 5¢ and a ripple
voltage of %.
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lis2 SWAC Power Wiring.

Jones Strip on Side Panel of CRT Section beside Memory Fuse Panel:

Terminal Nos.
Start fram Top Voltage

J1 -165 From: Arithmetic Section
To: Filter Choke back of Memory Control

J2 -25 From: Arithmetic Section
To: -25 Fuses on Memory Control Fuse Panel

J3 +165 From: Power Shed
To: 1) Control Section
2) Memory Control Fuse Panel
3) Memory Fuse Panel

Jh +135 From: Arithmetic Section
To: 1) Memory Fuse Panel
2) Console
Js +120 From: Power Cabinet

To: 1) Control Section
2) Memory Control Fuse Panel

Jé +25 From: Arithmetic Section
To: Console
J7 -15 From: Memory Control Switch on Memory Fuse
Bias Panel
To: -15 on Memory Control Fuse Panel
J8 ' ~15 From: Arithmetic Section
To: Bias Switches on Memory Fuse Panel
J9 =25 From: =25 Fuse on Memory Control Fuse Panel
To: 1) =15 Bias Pots on Memory Fuse Panel
2) Console
J10 -165 From: =165 Filter Cond. back of Memory Control

To: 1) Memory Fuse Panel
2) Control Fuse Panel
3) Memory Control Fuse Panel

J11 -~180 Prom: Arithmetic Section
To: Console

J12 «330 From: Power Shed
To: 1) Control Fuse Panel
2) Memory Control Fuse Panel
3) Comsole
i) Arithmetic Fuse Panel Al

/
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NATIONAL BUREAU OF STANDARDS

k.

INA 51 - |4
POWER SUPPLY B L.5-1
.5 Voltage Regulator System.
le¢—— Power Shed—-w~| |4—— — Power Cabinet ———-' $+4—— SWAC
[
| li- '
—_——
< 1\,_‘ = - -O +250
+350 Volt Regulator
Supply 1y =
{
!
| Sum.
| IR | J Supply
(I N~ f—— — — 4 1 l Voltgge
Regulator =
]
]
I
[
- F=====—0 w0
| Regulator ! =
[
| |
______ )
I n :l: ______ - QO +165
+270 Volt .
Supply Regulator =
.
I |
' |
" Power Cabf\-
GMO -
- SWAC Ond.
+
-270. Volt
| Supply Regulator |
- - : |
i 11— ¥
4 W_____: O-165
<425 Volt |
Supply 1 Regulator 1 I
—] _l e
T L
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To Jones SD in Power Cabinet

Issued 10-15-52 INA 51 - )
Reissued 10-27-53 L. POWER SUPPLY B Lie5=2
L5 Voltage Regulator System.
Voltmeters for SWAC Power Supplies:
Jl 12 J3 Jh
y 610 A A A
63 0 +250 * ¥ +200 * +165 *
/| Reg. Sum.Supply Reg. Reg.
o), o Voltage
/ Reg.
Lo 5 o - - - -
1°° Q Q Q Q
06 o ]
\\0 70 A) + + | + 1
0 8 o O o O
NG 9 o +165 * -165 -165 -330
Arith. Arith. Rege. Reg.
N
N0 100
twc’ O | o 0
0 12 O o - -
This meter panel located next to power cabinet.
FRONT VIEW
Jones Strip Comnection to Jones
Number Voltage Color Code Strip TD in Pwr. Cab.
1 +250 Brown TD 3
2 + Sum.Supply Volt. White D L
3 +200 Black TD 2
L +165 Large Red ™ 1
5 No Commection - -
6 o0vVv. Black ™ 10
7% +165 Arith. Small Red -
8 ~165 Arith. Blue -
9 -165 Yellow ™ 6
10 -330 Green v ™ 8
11 No Connection - -
12 ov. Black To J6

# These pins conmect to + and - 165 supply busses in Power Cabinet.
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NATIONAL BUREAU OF STANDARDS

L. POWER SUPPLY

L.5 Voltage Regulator System.

SWAC Regulator Rack in Power Cabinet:

IM S1 - L4
B ,4.5-3

Jones Plug Inter-Connections: |

One of two 6.3V 3a transformers mount-
ed on rear of rack to P8(J1,J2); other
643V 3a transformers mounted on rear
=330V Amplifier of rack to P11(J1,J2).
P11l Connect To Notes
6, P1 J6
Sum. Supply Volt. % 3 g [Eonnections for
Amplifier P10 J6. PE 36, peS [comtrol of Series
J6’ P6 J6, P7 Arm Chassis by
-165 Series Arm p9 Jéz P8 J6; P9 %mpli_fier Chassis
ias Transformers
Je, Pl J7, Ph
t .
-165 Amplifier J8, PS  J7, P8 \, |[mbercomnections
P8 J8, P10 J7, p11/ [Plas trans. are
’ ’ 115V-prim. in seris
2 o
+250 Series Arm across 230V A.C
P7
TC Connected To
250 Series Arm -
’ ° P6 1 Jh P1,2,3
2 Ji& PIS; ‘
+250 lifier 3 Ji P5,6,7
Amp P L J4 P10
5 J p8,9
+200 Amplifier 6 J3 P8
Ph g Ji P11
: J3 P11
+165 Series Arm > I L5L0 and Lo [ilwent
B 10 J8 Pl,8,11 primaries in series
+165 Series Arm P2
TD Commected To
+165 AmpXfier 1 J5 PL,2,3
Amp Pl 2 35 By
3 JS PS,6,7
L JS P10
5 NC
6 TCc-6
7 NXC
230v A.C. —t o 10° 010 0=—— Gnd. 8 TC8
" ——+o09 o0 0 9 O——— NC 9 NC
- 10 J3 P1,4,5,10;
24257(-) o8 o ° 8 o -3307 J5 78,9,11
<425V (+) —1—o07o0 °o7 o—4— NC
~270V(=) 06 o0 6 o- =165V
~270V(+) —Ff o050 0 g o—— NC
| +Sunm.Supply
+350 Line 3 —+to ) © o), o— Voltage
+350 Line 2 —t03 0o 0 3 o—— 4250V
+350 Line 1 —02 o | 02 o +200V
+270V —}—01]1 0 0o 1 o——+1657
TC TD
(Input) (Output)



H.v.

150 » TA-9
+
+250 » TA-11
ov
[
b Multiplier _ /
Resistor (To Jones strip
TA in Power
Cabinet.)
1AL \) ’
of 1 1% o o—
+ * +
150 250 -2000

FRONT PHANTCM VIEW

Note: These voltmeters are mounted on the front panel of the 200 volt
supply in the high wltage power cabinet.
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Issued 10-27-53 4. POWER SUPPLY B Lh.5-5
L.5 Voltage Regulator System.
Connection when using High Voltage Regulator:
l
Power Cabinet | SWAC
HOv. S~ -
S Rego B ' H’V g—._
uPply i To €7 on
1250 - i 3 >0 CRT Unit
15507
g + () To C11 on
1507 250V '
Reg’ Rego 150v
Supply Supply I
L l v Y =0 To C8 on
CRT Unit
“B" SUPPLY |
H.V.
Reg. I {..
Supply A .
H‘v‘
(Reference Voltage) l . To C7 on
- ro CRT Unit
N To C11l on
250V 15{)v | 1| oRe ot
Reg. Reg. | 1500
Supply Supply [ 250v
- l Y l CTO €8 on
l . CRT Unit

“A" SUPPLY
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| Vi 3504 15K 5CW O 74) 823V to Series Arm
: 68 8L 2W '” om
%0 i to Jlo.‘____C)Jizg 6.3V 1> 350A and 6AKS's
68, 2W , .
QO J7 - Yo cormeoction.
Jl.2
15K
C son
W1
10K 15K
10W 50W
| .1
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68K 18K 12K
. 5K 20W o 5K 2K |
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— .01 = El FM —
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mpaputen o 57023 f205
2 , : 1w
470K .« 1%
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m 02 Adjustment
Q Js, 8, 9
- ” - O J10, 12
' N4 %
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J2 SWAC Gnrd.
T le
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J3 1 1$
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g (2-15 .1 (2-3001( 18
J11 | peaters to V3 s Si]x 'SOW in in parallel)
J12 Vh, V6, V7 series)
~ oy 300K
e 1% A
300K
il o
3 65K2 ‘ 300K
(608K1 and 8.2K1 l% .
in parallek E
¢ 50K WW
V8 | OA2 150k 1% |
- (2-300k 1%
o _in parallel)
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J5 O——e o)
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Issued 4-7-52 4. POWER SUFPLY B 4.7-1
4.7 Block Diagram for Magnetic Drum Powsr Supply.

Transformers Rectifiers Filters Regulators
Pri. { Sec. 3¢ ‘Bridge
PN Y
[ -0+350V
O— +1 204 | %’ s o+250V.
Sec. n‘%sm 60VO5A|+ E |
~° 315 j2 G B I 3
— INISE [ - \\_ : -8 Gnd.
~ Four- SOuro - LSOVDC:
+ 350 Volt Supply ~0.2 Amps " 37 S0 "5
+250Volt Supply ~0.4 Amps. Regulated
o— O 17— T o 20 1165V
Sec. ZUA | ISy R
o— FE7ISDD = 1S -0 +45V
a N rov — ST 25UO/7m/'fc£O£).A/G 5
o Z_ Rheostar-300w-500 "
+ 165 Volt ‘SUPBCIX ~ 10 An;fs‘ Ohrrite-/Tode/ N
20 UOhmite-ZEW — £ jght - 500wl -2O0MIE
Rheostate ~50W /125 [ty HE-2O0054,_
Obrmrte-/cde! J 1 - 25V
+ AP fowr SO0 /20N D0y
© S ;.l. £~ Mallory HO2O005K Gnd
~0— sc FE&7/S0D iy /41 L 0—A0V
/30¥ _| guoA NE// % 25 Ohmit 200k v
v o1 0L XV T Fpeostare300m-300 169
— ~ Obmiite -rFode/ N
Suohts 7105 VoIt Supply 510 B8 /. s s s s
NMallory HC-50/0R STl fory HC 20C0SR
3@-60~
+ . k570l P
o s 2, U4 o
Soov| 1 25U /A |3
0— ——{ /OH Tl- . ‘ 0—]35V
_ ~ Orre 500 o ~200MC
135 Volt Supply ~ 1.0Amp Regulated sy 0005
o Three + 3 #Gnd
N o—| Sec 1 %<FE
oy BIZDISED | o1y rosile L 1
o— = 20+ Pt~ 0-300V
- ~ 7o~ 8O Fol-LE5OVDL
300 Volt Supply ~ 0.5 Amps. Requ)o@‘ et
K0..___ - + ® GGnd.
Sec Acd ; 1
1 z3e [ONOP 2uATY .
o— =+{ 7o/ o—
N—Ljoht - BOp feot-LFOVDL

—-300 Vol+ SUPF)')/ ~ 10 Amps. CO-UPEOLS

BAR
P34
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' - e I
541 Collator Meodifiecmtiemn. ] i-z{;,ut v YO VY

On each M Chassis

R Flipflop
I
ol |
22K 1% 100 v
Bswwwvv-ll—- ‘]‘
0.
i (-
[Color code and | 2.2 ‘F‘l'
10K t
wall plug 1%
commections on '
page B5.1-3] - I
47K : %
b AA A A
NEW II EXISTING é
On R Sign Chassis
1K 22K .
B2 R Sign F.F.
Extra~Gr Code 0
L15 Wall '
all Plug 7R 5o

3K

NEW EXISTING
. 1so.n




Start SWAC Cirouits:

1K
Az-CC

Gr-Wh Code 0.1

L16 Wall Plug l

+165

X
10K
1K
1
100 J"
— —
e —
é 10K
1K
~165

+165

202K

ey

B6 To OOFB Circuits.
+T 3

——
—
-

.

68K 00K
=15
Start Collator Cirocuitss
56K As-ccO- T NNV~ #1865
7
Or-Bl Cods 0.1 im0

L19 Wall Plug

A6~CC )—

Blue-Wh Code
L18 Wall Plug
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NATIONAL BUREAU (F STANDARDS

Issued 3-19-52 IM 51 - U
Reisaued 12-31-52 5. INPUT-OUTPUT B 5.1-3

5.1 Collator Imput System.

COLLATCR CONNECTIONS

Cable I Cable II Cable III
Wall ‘ Wall | Wall
Digit Code Plug Digit Cods Plug Digit Code Plug
GND  D1,D17 | /86 Br-Y D1k GND  C1,C1k
FL  Br-Gr D2 A7  Br-Gr D15 |[AL Bl c2
F3 Br-Y D3 38 Wh D16 | /33 Wh c3 .
F2  Wh Dl 39 Bl-Gr D18 82 Br ch
Fl Bl D5 ! Blue D19 A1 Bl-Y C5
89 Blue D6 re Bl-Br D20 | A9 Bl-P  C6
S8 Br D7 3 Bl mL (&8 Y c7
ST Gr D8 Yu Y D22 A7 Bl-Gr C8
86 Bl-P D9 ré Br D23 o6 Bl C9
Sh Bl-Y D10 Y7 Gr D2} Al Gr c10
S3 Y D1l 18 B1-P D25 | o3 Bl-Br (11
52 Bl-Br D12 Y9 = Bl-Y D26 A2 Br-Gr C12
§1 Bl<Gr D13 o1 Br-Y (13
Sign Extra-Gr C15

INPUT SELECTOR CABLE TO CHASSIS CC 7

Function Cannon Plug Code Wall Plug

Word Pulse

(Start FT) A3 Gr-Wh c16
Cl (€) Al Wh-Blue c17
Start Collator A6 Blue-Wh c18

+ 165 A8 Or-Bl ' C19

- 165 A1 Or-wh . 620




| FATIORAL BUREAU CF STANDAEDS

DECOUPLING AND CONTROL PANEL (IN COLLATCR)

: " INA Sl -
Issued 12-31-52 5. INPUT-QUTPUT B 5.1=k
_ Reissued 7-7-53
5.1 Collator Imput System. |
4 To
d 4§ & & & & & & & ~ CGollator
h70Q ' All BC networks . o
S 6 & & 4§ &§ &§ & & - SWs
005 same as R 1.
! . v A To
%l a2 o3 o x6 7 8 w9 A1 A2 ' ¢
. ‘ . To
d & & & &6 6 6 & Collatar
L70@ A1l BC networks . '
. To
S 6 &6 & & &6 & & & " SwiC
005 same a8 K1l.
! . ‘ To
: -~ Ground
A3 Al a6 BT A8 #9 1 2 ¥3 b .
, — To
S 8 &6 & &6 66 6 6 Collstor
L7oR All RC nstworks
; To
§ 83838888 38 & SHag
.005 ~ smme a8 K1, ;
! ’ To
) o—0—— 00— Ground
‘¥ §7 ¥8 ¥9 81 62 83 8Lk $6 87
v To
0’0’66{6666 " Collgtor
L70R All RC networks To
S S S S S S S S < " i
.005 same g8 X1,
I——O—o O C 0——-0——2;—0——0——"—-—* g:m
58 89 F1L F2 F3 T Sign pora 165 C4(€)
(Start n) '
1> Q19
o Ob —» E12 -
_9 1 24 — EB To IBM
N | 38 ——» Eli B~ Plugbosrd
P —
§§ +165 L
e @ from SWAC
é)— . To J11 Breakpoint
C o- Control Chassis
— To Ground
\_St.uft._
g:olia;ﬁc | s



NATIONAL BUREAU OF STANDARDS

. INA 51 - )4
Issued 7-31-52 5. INPUT-OUTPUT 3 5.2-1
5.2 IBM Punch Output.
IBM Punch Output Plug-In Unit:
o ] [ f_. L] -} © ° o

47K |

- ©
@)
Ve 2021
:_-5 /oK
—':71\/\/\/“_@
250
1T

47K |




NATIONAL BUREAU OF STANDARDS

IMm S5l -1
Issued 11-13-52 5. INPUT-OUTPUT B 5.2-2

5.2 IBM Punch Output

M Chassis Modification for IBM Punch Output:

Typical M-F.F.

B7 on all M Chassis |
B12 on M Sign V10
| , )
' * -~V
|
I
|
|
I
[
NEW | Exstrng
l
Typical R-F.F.
1.5K =
A9 on all M Chassis l
B9 on R Sign ' v
;zoox l 4 )
02 I 510K
1 5%
+165
NEW ] EXISTING



NATIONAL BUREAU OF STANDARDS

: , INA 51 - L
Issued }j=13-53 5. INPUT-OUTPUT B 5.3-1

5.3 Converted Output

Converted-Normgl Output Indicator Light Wiring:

Indicator Neons
on Console
Converteci Normal
' NORMAL
Red # 6 .
'chén-lack 46
,'\ o = CONVERTED
Green A 6 Section of 6P3T switch located to right
of format selector patch panel.
Cll ¢ 1IC12 "'165"
L——o 220K W ,
'\ CONVERTED
\
\ - = - =

NORMAL

Section of 3P3T switeh located on I-0 C.

Notes

Opsration is such that if both switches are turned to "Normal" or

"Converted® then the "Normal or “Converted® console neon respectively
will be on. The above holds only if the center position of the three
position switch is not used. If the center position of either switch
is used, then erroneous indications and machine operation will result.



Issued 8-25-53
Revised 10-26-53

50

NATIONAL BUREAU OF STANDARDS

Flexowriter Code.

H @ W W D O w > QO W ® N o0 E W N

53216
010001

010010
010011
010100
010101
010110
010111
011000
011001
010000
110100
110101
111000
111001
111110
111111
100110

N 4 M £ 4 o =13 o W O Y o = OE O N e H

100111

DELAY CHASSIS
SWITCH POSITION

(Switch Down)
1, 42, A3
2, #3

AL, 3

#3

1, f2

A2

#1

None

543216
110000

110001
101001
100001
111010
111011
110010
111100
111101
110011
110110
110111
101010

- 101011

101100
101101

101110

101111

5. INPUT-OUTPUT

DELAY

(nsec)
512
k8
384
320
256
192
128

C.R.
TAB
SU
SD

SPACE

w

-

STOP
BEKSP

INA 51 = )4
B SJh-1

5h3216
100011

101000
100100
100101
100010
100000
001000
000100
001011
000101
001010
001001
000010
000001

2



NATIOMAL BUREAU'OF STANDARDS

B 6-1"’1

INA 51 - 4

Issued 7-20-=51

: A chian
6. MAGNETIC m‘a
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Amn lifiér

)
100k 2100k
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‘hw
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INA 61 - 4

Issued 7T=31=51 6 B 6.2=1

. MAGRETIC IRUM

6.2 Magnetie Tape Driver (BExperimental)
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NATICNAL- BUREAT OF STANDARDS

Tronad T=31--561 INA 51 - 4
Rl 5usd B=l4«52 8. MAGNETIC TAFE B 6.3~-1

Beb llagnetic Tipe Pulse Forme .

J3

J80-15 OJI

<€ 7Y
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NATIONAL BURZAU OF STANDARDS

Issued 8~29«51

6. MAGNETIC TAPE

644 Magnetic Tape 6AG7 Driver (Turret Plug In).

UG CoMVECT/ANS
/! BrHavE - Grno

220

INA 51 = 4
B 6.4~1
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MAGNETIC TAFE

6.

NATIONAL BUREAU COF STANDARDS

6.5 Magnetic Tape Ome Shot (Turret Plug-In).

Issued 8-30-51
Reissued 2-27-52
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NATIONAL BUREAU OF STANDARDS

. INA 51 - 4
Issued 8«=30=51 6. MAGNETIC TAPE B 6.6~1

6.6 Magnetic Tape Inverter-Cathode Follower (Turret Flug In).

AUt CoMVEC 770/ O——®—>O
OA745a0E

"'/ 65 . @
HEATERS . \?_L 3
HERTERS D18 %

o7 Py7 & e L
o7 & Al - —_ ]

s 3 o
wPur D 4= ®
NP7 @ - .
BH4s &
TURRET - NOVAL - 1/ Pl X6

V7 S
[240/7 3K 22472w)
JZBHT7 SSKIR) ASKIOW) (108 2W N SERIES Wirst SAIW)

A7
g
3
)
S
(i)

SOVHNIOHANGd

2K 1%

A A= G2 2 A2 Gy

l P

/ 2 | S
[ | T/A’gf 79
THOE 65 HERTERS A @ m% W7y

LY

14



NATIONAL BUREAU OF STANDARDS

' INA 51 - 4
Issued 8-30=51 6. MAGNETIC TAFE B 6.7-1

6.7 Magnetic Tape Gate (Turret Plug In).

ALVG CONNECT /ONT
CH 7HIDE - GROUN D

/42748 5

HERTERS Lo i
HEATERS ~
Moo @ 9 - —0=2
U7 @) ,
#/6S N34
-/S5
weur @
B G, HAS 0.0005
I s @

TURRET? - 7 PNV ~11PnN
cocraL-yew x 6756

,A(Gzp 3 /
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OONAGRNMd ~
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NATIONAL BUREAU OF STANDARDS.

INA 51 - 4
Issued 8=30-51 6. MAGNETIC TAPE B 6.8=~1

62 Magnetioc Tape - Tape Driver (Turret Plug In).

UG CoMNVECTTONS g o—@D—o
GRIUND R20 Sak 19 2aRg
/707D e .
HERTL£RS
HEATERS
INPLT
ORTHODE
# /68
o7&
BIAS

Y /27,
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NATIONAL BURRAU OF CTANDA®ILL

INA 51 - 4
lssued Gmi=51 Ge WACIDVEC TATE B 6,9-1

6.9 Magnetic Tepe Bleck [dagram.
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TBANSFH_! REGISTER

. ' |
_ | —
1W 1.V 1.0 1.9 1.8 1.7
F100 F100 F100 F100 F100 F100

2.W 2.V 2.U 2.9 2.8
GD100 GD100 GD100 GP100 / \ GD10O

3 .8 3 07
GD100 @D100

k.8
GD100

o e Ve T s

CODE: F100: 100 Series Flip-flop _
GD100: 100 Series Direct Coupled Gate

1.6
F100

2.6
GD100

3.6
GD100

L

°
[« 8

\ G6D100

3.5
GD100

heS

| @GD100

24 ( 23
GD100 GD100

WRO

1.2
F100

1.1
F100
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3
@Gp10o0
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& CODE: 1100:

GP100D, GP200D, etc.:

100 Series Inverter
100 Series Pulse Gate Using Inverting "B Ferrite Transformer. WRO
200 Series Pulse Gate Using Inverting "C* Ferrite’ ormer.

300 Series Pulse Gate Using Non-invérting "C" Ferrite Transformer. '
Indicates that the 150y Pelay Capacitor in the Second Control Grid Circuit is presentu

$80 Teued
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ADDRESS COUNTER
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CODE: GW100:
U100:
C100:

Not Not ) | Not
Useg Used Used

100 Series Write Gate
100 Series Univibrator
100 Series Cathode Follower

" -

Not
Used
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NATIONAL BUREAU (F STANDARDS
Issued 6-2};=53 7. MAGNETIC DRUM

7.3 Compoment Location on Drum Panels.

Panels 82, 83, Sk, and S5:

‘, Sl
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1.W

1
Not
P100 001) Used

CODE: P100: 100 Serles Peaker using 6AGT
| CLl: Clamp Unit

WRO,

1.1

_Not

Used
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Pos. 1.6
AP100
‘Clock

Pulse
Playback

-

POS [ 1.5
AP100
Origin

Pulse
Playback

—

Pos. 1.4 Pos. 1.3
AP100 AP100
Word Information
Pulse
—— N—e
FROKT VIEW

CODEs AP100: 100 Series Playback Amplifier for RZ Rescrding-Sywtum

- Pos. 1.2

Spare

Pos. 1.1
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m: e le = i= ! & r~ m—ia%\o
- 98 |2l
- FRONT
-165 =135 =25 — =165 =135 -0 =25
< | 7 < e— 1 -] = | Ic‘éz &
A= l=l=| | E e A" He |= ; A
o] & ~ ~
i R IR e AN S i bt A ) 5 R A N 3
+300 +250 +350 =300 +165 +250
& g- AT A 3t
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e o NSNS R
Filament Transformers: . - T9 - Panel C3 (DC Gnd)
T1 - Panel C1 (-135 BC) T10 - Panel S2 (DC Gnd) ’
T2 - Panel S1 (-135 IC) 71l - Panel S3 +250 Reg. Amp. (DC Gnd)
T3 - Panel Cl1l (DC Gnd) T12 - Pansl' sy (DC Gnd) -
Th - Panel S1 (DC Gnd) - T13 - Series Arm -300V Reg. (DC Gnd)
T5 - Panel C2 (DC Gnd) ‘ Tl} - Series Arm -135V Reg. (DC Gnd)
T6 - Panel G2 (DG Gnd) T1S - Series Amm 250V Reg. (250V DC) WRa,

‘P7 - Panel C2 <3135 Rego Amp. and =300 Reg. Amp. (=135 DC) T16 - Panel S5 (DC Gnd)
T8 - Panel C3 (-135 bC) T17 - Panel S6, 7 (DC Gnd)
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NATTONAL BUREAU OF STANDARDS

Issued 2-15=52 . INA 51 - 4
Reiszsued 2-21-52 : 7« MAGNETIC DRUM B 7.4=1

704 General Notes on Magnetic Drum.

1) Numbers around plug-in unit symbels signify pin comnsctions on
1l-pin sockets on panels.

2) Numbers at side of plug-in unit symbols indicate location of unit
on panel, fram back view reading left to right.

3) All d.ce conmbrol linmes (inputs and outpuks) have voltage levels
of 0 volts or -40 volts.

4) Block diagrams used for magnetic drum with ll-pin comnsotions are |

shown below:

Flipflop
78 2 Output is O or -40 wolits,
The flipflop is triggered by positive
pulses applied te the plates,
Thus & pulse on 7 will make plate 6
5 5 : high.
Pulse Gate
;11 1 or € to be returned to woltage level.
7 ot —‘Ao'c 1 Output on other lime is positive or
g'—" 6 negative as indicated.
~Zov
Terminals 7, 8 and 9 are inputs for de.oc.
contrel lines; 11 is for pulss input.
Ill
L 0.V
T o—nt jo—e |

8§ o—p

And/Or Cirouit

Outpubs 1 and 6 wmay bs tied together
to produce OR ecireuitb.

D.C. control signals only.

D.C. contrel signals only.




" NATIONAL BUREAU OF STANDARDS

INA 51 - 4

Tssued 2-15-52 7. MAGNETIC DRUM B 7.4-2

7+4 Gemsral Notes on Magnetic Drum.

4) A pulse "and" gate will drive 4 flipflops; the pulse across the

5)

secondary of the transformer is down to 40 volts. When a pulse
gate is used to drive ome flipflop a 680 ohm, 1/2 watt resistor
should be placed across pins 1 and 6 in back of panel. To drive
two flipflops, a 4.7K, ]/2 watt resistor should be used. XNo
resistor is used when driving three or four flipflops.

A flipflop can be loaded directly on each plate, or on each plate
separately, with 1000 pufd and e 60K load to the plus 165, and
this will not affeot the operation of the flipflop cirocuit. The
flipflop has a static output impedance of approximately 50 ohms;
while it is in its dymamic state of flipping, impedance is approxi-

mately 7K. *



~ NATIONAL BUREAU OF STANDARDS

Issued 11-6<51 | ‘ A 51 - )
Reissued T<2-53 8. PLUG-IN UNITS B 8.1el

8,1 Flipflops and Binary Counters.
2C51 Flipflop and Bimary Counter, F100 Series:

1

Input Output A
2 5
O O

* = b -

D D1k
15K 2W 5§ 130K i 1% 180K W 1%
AN

+415v

o Q

NOTEs All Crystals 1N38, and Filaments are at =135 volts.

O\

o (3) .B -B(g.

Input Output B



Issued 12-)=51

NATIONAL BUREAU OF STANDARDS

INA 51 =}

Reissued 7-2-53 8. PLUG-IN UNITS B 8.2-1
8.2 TAK7 Gate.
'GP-100, GP=200, GP100D, GP200D. . Series:
0L 41
\/\'\/V_'—O% 20
100K +10% Input 2B
Testpoint
Input 3A
l\l —OQ Input 2A
15K 5% o v o Input 1A
3 &— an—0o—J) “
T 7 , — God. er 4OV
4 ‘J Ond . fo———— o o |- Gnd
Tug{ ! — 0w Filament
150 o. 270K +5%| o
| 257
o 0
- } ! x A O Output
+ By
Pl"ObQ L_l' \ ol 200v 0o ) . o—
.\Q B :x Q /
O— I3 @
# Tramsformer: GPl00 - Inverting “B®
GP200 - Inverting “C®
L 1 6 11
7797
Probe| o4 .01
.1 |
2oov:f 100K +10% (23
Q0 )
] i1 3
(h )?
228 % o 3
= )i
150y 3
f #% GP100D, GP200D, etc. indicates
150up capacitor is present.
+165

NOTE: All Crystals are IN38.
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NATIONAL BUREAU OF STANDARDS

INA 51 - 4
Issued 4-7-52 8. FLUG-IN UNITS B 8ed-1

864 2C51 Invertesr.
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+1657 QO

6 138
W;'ite

5 1N38
Select

Ground

_Input .. Output
Selsct | Write
ov oV +180v
0 Hov | a5V
40V ) =20V
<40V 4oV =20V
+350V
6BX7 £
1 \h
Output

sy

¢
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NOTE: 6BX7 is not part of Plug-In Unit.
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Notes

Transformer is
commected 1:2 step-up.
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8,7 Read Gate (conmtimmed).

 GR-100 Series:
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8.8 Positive Pulse Crystal "Or* Cirecuit.

G0-100 Series:
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8.10 6AG7 Peaker.

P-100 Series:
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lo2 Design of Pulse Transformers.

Core Naterial TUsed:

Ferroxcube 3C, Fot Cors Type TFl54, made by PFerroxcube Corporation of
America. Curie point is at 170 degrees centigrade. Permeability M,
is 900. .

Core Dimensions:
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Bobbins Made out of a plastic such as vinyl, styreme copolymers, nylon or
polzethylene.
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1.3 A Three Digit Accumulator,

An acoumulator is the part or-»fho arithmetiec wmit which is capable
of performing the operation of addition. It is o.blol to reseive numbers,
add them to numbers it already contains, and them transmit fhe sum to
anether pért of the computer. It is oalled the accumulator as the sum
of successive additions is sametimes accumulated in its A Register.

The sectien of the accumulator which actually does the addition process

is compesed ef circuits known as adders. A sep:i"nte_o.ddor is necessary

for each digit of the word (a number or order in digital form) used by

the conpute:ro Therefore, if the computer uses a 37 digit word, $7 adders
. Are necessary. Similarlyg if the word consists of 3 digits, 3 adders

are all that ars required.

In the Machine Development Unit Laboratory an accumulater capable
of handling 3 digits in parallel fashion has been constructed. “In
parallel” means that all digits are added simultansously rather than im
the fsmiliar serial fashion in which the digits are added in sequensq
starting with the least significant digit‘o e bimry n:.m'bcr system is
usedo As this accumulator san not handle more than three digits, it can
only take care of numbers which can be represented in the binary system
with ;3 binary digits. Decimal numbers which can be so represented are:

| 0 = 000

1 = 001

010

2
5 = 011

4 = 100

3
n

101

-
]

110
7 = 111 ‘

hit three digit accumulator is compesed ef three adders operated

in parallel as shewn in Figure 1 eam the folloviing Pagoo
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1.3 A Tree Digit Accumulator.

C 1.3-2

M Register
Flipflops "
Yy Y
i Adder plf—————e——d Adder P
Carry , ‘
Output
A A
A Beglster 2 S| ‘ . 90
Flipflops
Figure 1. A Three Digit Acoumulator

The adder when luppliod with an add pulse adds' the informatiom in the

M Register to that contained in the A Register. The following table linto

sonditions which may be given to the o.ddor and the subsequent results:

3

Conditions &to of Registers iy . 4 Regults .~Ag v ..
f ) 9:00 Hego | Carry Tnpub [[ = Reg. '
1 o | .o 1 Bocomes 1 |None
2 0 1 1 Becomes O |Carry outpus
« » : oduced
3 1 0 0 écomes 1 |None
4 T 1 0 Becomes O [Carry output.
' goduood
T 1 ~ 0 T I Tematns 0 1
é 1 1 1 Remains 1 n »
Table 1. Conditions and Results '

~ These operations are performed through the wse of crystal obin%idanoo

and "or" eirouits. A blosk schematis of a Yypieal adder is shown in

Pigure L.
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1.3 A Biree Dipit Agcumulator.

actim of "and ¢not" which would normally operate with M negative ia
the presence of an add pulses Since there is no output from the

"-and #not" gate the A Register is not triggered and remains im state

"o",

Condition 8: M, nezative output, A, nogative output; Carry Input,
posisive pulse. Both the "-and" gates operate producing the sarry
outpus. The output from "-and #1" inhibits the action of the "-and #met®

@ste;, thus the A Rezister remmins in state "1V,

& ' K
Mble 2 shows how the A Reglster sscumulates the sum of the
‘successive edditlnms performed oy the sdderso
Sy
'Add 1o || gie M 25 [ 4w [Isis
! _(fn. [ Dec f[Bin. [Dec JIBin.| Do J[Bino [Dev |l Bins
[ ——— - - - . ~— e — ——— — — -‘.’- - ———— . ——
N ’ g
.\' Rﬂ <.: g
AN g,o 001 111010 2 10li o B ivd 4 ' 101

~ | AN 3 {1000 : (,m(‘; 0 ! o ‘ RN

Ay Hoor | "Fjr P | sfreo | s [ 102
A, fJowo | 2 lioo e | efooo | e 010
' Ay fgour | sfuie it oafleor) eoff 111
" ay Jroo] sfooo] sfto0 | 12 - oo
A5 [lror L. s} i ] s T | ovt

l .
Lg H10| 6} Jow | 1s no
S : . ‘ l - -
o B } 103 | 21 o:u,

| , , T
r Ag 000 "- 00 | 24 | )| 000

Tadle 2, Accumulative Sum of Swccessive Additioms

H
. [

To explain the preceding table, let us consider as an example adding
by 2's. The state of the A‘Rogiator before the first addition pulse is
supplied is signified by Ay. Aj -represents the condition or state on ‘the
A Register after the first addition has talen place; Ay after the ucond;

ot cetera. ' :
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PHAOSTRON, 180K, 1 Y0, 1/2W

. INA 51 - ¢
C l.5=1

Sample T.emgerature and Time Max.
. 960 9g6° 960 %
764 5° b minutes | 10 minubes | 15 minutes Change
1 180,400 180,200 180,000 180,000 0e22
2 180,400 180,100 180,100 180,100 1.17
3 181,900 181,900 181,900 0.00
4 180,300 180,000 180,000 0617
5 180,000 180,000 180,000 0.00
Average Oell
NOBLELOY, 82K, 1 %, 1/2w
’ Temperature and Time
Sample .
Noa _ . 9545° 95459 9545° %o
75,540 5 minutes 10 minutes | 15 minutes | Change
1 82,660 81,800 81,990 82,040 1,04
2 824530 82,350 825350 82,350 0.22
3 82,530 82,330 82,330 82,330 0.24
4 82,820 82220 82,220 82,220 0672
5 82,720 825540 82,540 82,540 0e22
Average 0e49

L mthetd
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1e6 Peaking Coil Design Deta.
Peaking Coil Characteristies
Iype | Pulse |Inductance| DC Res. |Q at Oper.|Turns | Wire | O.D. I.D. {Length
Width FPrequence ‘
1 MC| o5 pS| .75 MH | 20 Ohms 25 250 | 3% [9/16" | 5/8" | /32"
5MC| +1uS| 47 ME | 245 Ohms| 120 8 Eksl: 1/2" | 1/2" | s/an
Coil Winder Set TUp
Type| Drive | Idie | Cam | Cam Coil Form Turns T;s./pe‘of
Wheel | Gear | Gear Diameter |lLensth | Material Winding
1MC 76 60" | 74 | «188 3/8" 3/4" Phenolioc 250 |7 iversal
60
5 MC| 100 50 | 90 | * 1/2" | 7/8" | Polysterene| 82 |Single
50 * Layear
€OM

A
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1.7 Design Features f Magustic Drum Memory.

The Natlovsl Bursau of Standards Wesbtere Aubtomatic Computer is s hi
spead elsotronic digital somputer using @ parallel elsobrostatis memery of
the eathode ray tibe type. The capacity of thiz memory is £856 worde of 37
bipary digite ssch with an gosess rate of one word per 16 mlerossounds.
Dua %o the relatiwwly limlted size of thix mewery it iz highly desirable
%0 add an aurilisry memory suwoh &2 & magnatic drume

A dram memory, &5 coxbraszted with an alestrostabis memory, may have
an extramsly large capacity. Bowmever, assess to thisz memory iz geusrally
eiowe Im pardlounlsr, if lnfommatiocr iz regired from soms amall specifis
wavation on the drum, the scmpuber may bave to walt up o a maximm of
soe drum revoiublion hafors ressivivg any Informaticn. Thie walting tims,
ar gosess tHos, s peasered dao millissoonds sz ocompared with only a feow
microneconds fur the elsotrustatio memorye Ae an flluwtrabicms If msmory
omlls ware selecsted st random from the alsybrostatic memory amd also from
the dum memory, aprroximately 500 words smld be read in or out of the
almatros tatiz memory for svery oas word from the drum.

A high gpemsd saputer, solving s problem which reguires a pralatively
large mumber of referrals o & magnetic drum mamory may tharsfors be
goriously slowad down if opsrated in thiz manner. This situation may be
imprevsd in bwo ways. In the Plest pluss, mmbers coxld be brassferrsd
in eizeabls btlocks from the wegastic drum msmory to the sisgirosbtatic
wmory of the caupzter, thus minimizing the total mumber of referrale.
Ssonrdly, these bloskz of pumbars could ba so arranged in the drum memory
g2 to cubt dowm o evan campletaly elimiosate any dead waibtisg time for the
drum, fe¢%., times Hsken for the drum ko eome Ho some spesifioc position ba-
fore read-out or merrding of information begins o Om mennsr in which this
sould bs acoomplished is to stors e gwbers of esach block sequentially
around the cireumfersnoe of the drum (of. Fig. 1, pags Cl.7-6) so that ome
tlosk completely f£ills one band or a shammsl. Whan a transfer to or from
the drum memory is made, the whole chamnal is handled at one tims. Trans-

for cf infomation startz immdiately after tha propsr channsl has been

selacted and contimmes for exactly oms drum revolunbion, thus eliminating
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1,7 Design Features of mgnsﬁi@ Drum Memory .

all wa;iis:ing time, By these msens the averags accsss tims per word can be
kept quite small and the previcus spsed ratio of 50031 for slestrostatbic
Yoso the drum memory mey easily be reduced to 163l or ls3s.

The magnstic drum memory for the SWAC has besn designsd along thess
1inss. TInformation is stored serially on ths drum in 40 binary digit
words. The first 36 digits mprasam; mmerical information, the 37th
digit the sign, while the remaining 3 digit positions are empty. Thirby-
two words are storsd in each chamnel and constitube & basic transfer
blook., A corresponding memory block in the sathode ray tube memory
congista of two adjacent limes in the storage raster where esach line
sontains 16 memory eslls. A one~to-ons ecrrespondence is set up between
the magnstic drum msmory chammel and the lime-pair of the elsstrostatic
memory so that to any word spass on the channel corresponds ons and only
ons definite storage cell in every lins-pair of each s’eorhge tube. Thus
word space mumber 9 on the drum always goes to mesmory cell 9 of a par-
tioular lins-pair (see Figure 1), Howsver, whish line-pair goes with
which channel is under the choice of the sodsr.

The main canponents of the magnatic drum memory and their relation
to the SWAC are shown in the block diagram of Figurs 2, pags Cl.7-T. The
drum i%self contains 192 information chammmls plus 4 timing chamels.
These kiming chamnmsls fsed a iming gsnsrator which gensrates a pulse for
sach digit spacs, a pulse far each word space, and a referencs pulse for
sach revolution of the drum., Ths pulses marking each word spacs go ko the
Address Counter whioh counks from O through 31. This counber conkimously
keeps track of which word spase is currently passing under the magnstis
read-write heads. The reference pulss iz ussd o initially synchronize
this counter with the drum.

Read-out of information from the drum to the electrostatic memory
involves the following main componsnts of the SWAC proper.

1. Ths Function Table

This elememt is & diode mabtrix which dscodes the operation

digite of an imstrustion.
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1.7 Design Features of Hagnati@ Drum Memczy.

2o The C Registar
This register is used for storing an instruction and connscts
with susch eontrol cireuitry as is neosssary for the instruction
to be sarrisd oub.

3. The R Register
This reglst@r communicabtes with all %a'yj)ea of inpub-output equip-
ment connscoted to the machinw..

4, The S Reglzbter |
The funotiom of this register iz to B@io@t 8 memory osll in ths
elsotrosbatic memory.

5. The Elssitrosbatic Memory

The read-out operation procseds as followes
The funstion table of the SWAC conbrol unit first indicates an input from
the drum. The C ragister of the SWAC stores the informaticm as to whioch
drm shamel is to be mappsd onto which line-pair of the elsctrostatis
memory. That portion whish spscifiss the drum shamel is transferred to
ths chamel sslection register in the drum comtrol which then operates
the seloction mtrix and cormects thas sorrect cheannel through propsr
amplifiers and gates to the SWAC.

Ths remaining information in tha C register is transferred to the
S register (within ths SWAC) whish =elects the proper line-pair in the
elestrostatic memary.

The partioular address that happens to be in the drum address counter
at the begiming of the nsxt complete word is also transferred to the S
register. This infommaticn is used bo pisk out 'bb.é particular memory esll
of the selsgted ®line-pair™ ocorresponding to the word space that is just
about to bs read-out fram the drum. The drum address soumter thus has
complete comtrol over selecting the particular gells within the liﬁoa pair
whereas the limnpair. itself is seie@'bed by the SWAC ocontrol sircuitry.
If the address ocounter happens to read 9 when the first transfer is mads
it will sbart with poimb 9 of the lins-pair and prossed through 313 them

ooms back to zero and proosed through 8. The transfer couater counts
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1,7 Design Features of Magmtic Drum Msmory.

the mumber of btranszfers from the address register to the S register and
thus insures that only the 32 words or the information oorupying ous
channel are transferred.

The electrostatic mamory eperates in parallel and asynchronously
fron the serial mugnstic drum memory. Thersfore, diresct communication
tetwesn the two is mot possible. Informaticon from the drum mast firsh
be played back into a vaguum tube shifting register and then transferred
in parallsl to the slestrostatis memory. The R registsr of the SWAC is
used for this purposs. The A register can also shift and both registers
may bs used if a higher rate of informaticn tramsfer is desired. After
the informatiom has arrived in the R register it must wait thers until
access to the elsstrostatic memory is awailable. Arrival of further
information fram the drum must be halbsd until this transfer has been
complebsd and ths R register cleared again. Access to the elsctrostatic
mmmory however can be had within 16 microseconds and the maximum time
raquirad for ths complets transfer opsration fram the R register to the
slactrostatic memory is less than 24 microseconds. Tramsfer of infor-
mation from the drum to the R registsr has therefors to be suspended
for only 24 microseconde hetwsen any two words. This is best accomplished
by lsaving a blank spaos on the drum hetwsen words., It is now apparent
why each word on the drum consists of 37 information spaoss plus 3 blank
digits. Eaoch digit takess 13 microsssonds to play back so the three empby
digit spaoss give a total delay of 39 microssconds bstwsen words. This
delay is mors thean sdequate for transfarring a mmber from the R register
to the electrostatic memory and clearing R for reeeiving new information.

The timing genmsrator, the adiress and transfer counters, and the
memory comtrol circuits (zes Fig. 2) have all been constructed of simple
singls tube plug-in units. Only four basic circuits have been used to
t1ild up all of Hhe rsquired @pera,ti.onsob These are: a flipflop, an
inverter, a pulse gate, and a d.c. gate. A good deal of develomment was
carried out to make these units as indepsndent as possible of the vacuum

tube charscteristics. In additiom, all cirouits had to pass satisfao-

n . PN ‘ -~ e
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1,7 Dssign Featursz of Magmtic Drum Memcry.

emizsion and poor cubt-off, befors amy given design was acospbed as a
standard unit. To give an idsa of how insensitive thess circuits have
besn made to tube charsoteristics, our flipflop which is designed around
the 2051 opsrates equally well with any of the double trizdes 5687,
12BH7, 12AU7 or 12AT7 without any cirsuit changes whabevsr. Moreover,
the plabs outpubs of all of thesze flirflope ars identical, and it i=
not possible to tell which tabe hype iz being used by simply inspecting
the output volbages.

The magnstic memory selesestion system features a high levsl gating
syetem ag ehown in Figure 3, pags Clo.7-8. For wribting, a 615 sathods
follower supplies power Ho a singls row of 16 reoord heads. A pair of
8Y52 are usad to drive & singles eolumn of 12 record hsads. The
rartioular head selsoted is ome at the imterssstion of # row and a
golumn, In this menner only 44 powsr tubes are required to drive the
total of 192 record heads. The diodsz shown in seriss with thess heads
ams two IN38's comested in series to withstand a transisnt back voltags
of soms 150 volts. The record windings on thess heads are also used for
playback. A rsad signal applied to ths 2051 cathods follower determines
which particular row is selected. The selsction of a spesific column
(one out of 16) is dore by & second s«% of gabes (not inmcluded im Fig. 3).

The eatirs magnotic dmawe memory with a cspasity of owver 8000 words

%111l whem oompletad contain only soms 250 vacuum tubes.
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1.7 Design Features of Magnetic Drum Memory.

One to One Correspondence Between Single Channel on Drum and Pair of
Lines in CRT Memory:
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1.7 Design Features of Magnetic Drum Memory.

SWAC

M 51 -4
O Hoﬂlﬂ

Block Diagram of Component Relationship Between Magnetic Drum snd SWAC:
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1.7 Design Features of goﬂ.o Drum Memory.

Magnetic Drum Memory Selection System:
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201 Systematic Preventative Maintenance.

A. General.

The schedule should be such that the entire memory is checked
over once every 90 days. Maintenance is important as a well-planned
program can go far towards insuring reliable opsration.

B. Reocords.
1. Cirouit Changes
In ocase of an apprmd circuit change the proper procedure is
as followss
a. Issue (or reissue) the cirouit drawing, labelling it
experimental and incorporating the changes, for the

Englneering Manual.

be. Meke change on appropriate CRT units.

c. If change proves satisfactory, .oorrect appropriate drawings
acoording to standard procedure (of. Seotion A4.5 this manual).

d. Record data of change in CRT Memory Log Book as each chassis
is modified.

2. Maintemance Records

Fill in two cards for each CRT chassiss

a« Top card. Record comments on condition of CRT unit, e.g.
whether all right for SWAC, reason for removal fram SWAC, etc.

b. Bottom carde Record following information:

1) Date CRT installed and serial number.

2) Read-around ratio as tested on Test Rack.

3) Read-around ratio as obtained in SWAC.

4) Amplifier gain at 100 KC; type of amplifier.

5) Any special oircuit changes.
3 CRf Unit Reoords

a. Daily Engineering lLog. Record all information about movement

of unit listing any trouble it caused while in SWAC.

b. Daily Compoment Replacement Log. Record all componsnt replace-

ment such as tubes, resistors, condensors, and orystals.

6+ CRT Memory log. Record information on unit troubles and how

fixed.
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20,1 Systematic Preventative Maintenance.

C. Cleaning.
lo Remove dust and dirt from insalating surfeces with pure ocarbon-
tetrachloride using amall brush. (Be sure bristles from brush
are not left on tagboards.)
Importent as high voltage may break down when dirt and moisture
acoumulate between lugs resulting in arcing.
2. Clean other parts with vacuum or use blower to remove dust and
dirt.
3. Clean Jones, Cemmon, and banana plugs with Walsco No-Ox Contact
Cleaners.
4. Imspect all parts after cleaning as outlined in Do
D. Inspectiom.

Always combine inspection with cleaning, sinoce in cleaning every
point of equipment is exposed, and even more important the very act of
cleaning may inadvertently breek or loosen a somection. In particulars
1, Carefully examine, emd if faulty resolder or fix, all exposed

comections such ass

a. Banena plugs

b. Jones plugs

¢. Ceannon plugs
d. Tube sockets
eo, Solder joints

f. Crystal connections
2. Look for evidence of heating or breakdown such as:

a. Carbonized surfaces

b Overheated resistor with charred or discolored surface

6. Condenser locosing wax.

Change all such parts and record change even though no serious

demage or potential trouble is indicated.

E. Mochanical,
l, Tighten knobs.
2, Tighten scorews, replace if missing, or if stripped replace using

a larger size.
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2. CRT MEMORY MAINTENANCE

2.1 Systematic Preventative Maintemance.

F. CRT Unit Voltags.

INA 51 - 4
D 2.1-3

1, Check weekly on Monday morning and resord.

2. Voltage should be within tolerance shown below:

Note:

NAME OF VOLTAGE

Tab le 1.

CRT Unit Voltage

NOMINAL VOLTAGE
with Referencs to
Gnd, Using GR Meter

All voltage measured in Regulator Cabinet unless otherwise spescified.

RIPPLE MEASUREMENT
Using High Gain D.C. Scope

CRT Clemping and
Accelerating Potentials
(of. Engineering Manual

page 3204-1)

2nd Anode end Intensity + 522 4+ 1% Should be less than 20 M.V.
At Fuse Panel in SWAC + 521 ¥ 1% Should be less than 50 M.V.
Moas. diff. between - 1000 + 1% Should be less than 400 M.V.
Gnd. and cathode of CRT -

Clamping Voltage -252 +1% Should be less than 400 M.V,
Intensity Voltage -1 + 1% Should be less than 400 M.V.

CRT Gating and Driving
Circuitry Voltage
(cfo En.@’o Man. Bz.l)

All of these voltages measured at

Fuse Panal in SWAC

%B% Plate Supply,
measuremont

+ 172 i4%

Should be less then 3 Volts
with machine idle.

Negative Voltage for
FoF. V9 and 378

- 172 +4%

Should be less than 1 Volt
with machine idle,

Screen Voltage for
vic, V7

+132 +4%

Should be less than 3 Volts
with machine idle,

Bias Voltage

~ 1505 + 4%

Should be less than 1 Volt
with machine idle,

CRT Amplifier
(of. Engr. Man., B2,2-1)

C.F. V5 Plate Voltage

Seme as ¥B® Plate Sup.

Sams as "B" Plate Supply

CoFo V5 return of
Cathode Follower ¥ Grid

Sams as Negative
v°1'bage for F.F.

Seme as Neg. Voltage for F.F.

"B" Pilate Supply for
Vi, V2, V3, and V4
At Fuse Pansl in SWAC

+ 256 :I-_lo/o

+ 255+ 1%

Should be less than 50 M,V.

Should be less than 400 M.V.

Filament Voltages

For All Filaments
exoept CRT

- 645 Volts D.C.

Should be less than 250 M.V.

CRT Filament at -1100V

6e3 Volts A.C.
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2,1 Systematic Preventative Maintenance.

G Testing and Servicing of CRT Unit.
This is divided into following three parts:
1. CRT Amplifier and Cathods-Follower

2. CRT Gating and Driving Cirocuitry

3. CRT Clamping end Accelerating Potemtial

Selected tést points on each part are marked é.s circled mmmbers
on pages B2.2-1, B2.4~1, and seckion B2.1l of the Engineering Manual.
Detailed instructions on each part follows:

1, CRT Amplifier and Cathode~Follower Driver

a. Test tubes according to gemeral test procedure, before
mking voltage measurements in Table 2 on following
page.

b. Toks measurement at test points (of. Engineering Mamual,
page B2.2-1) 1 to 17 which appear on Table 2, with only
+250, +165, -165, =15 volts, and filament voltages
feeding into CRT unit. (These voltages are supplied by

a plug and cable fran the CRT Memory Test Rack.)
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2.1 Systematig Preventative Maintenance.

Table 2. CRT Amplifier Voltage

Note: Measurements are made with smplifier having 2C51 and 12, 12, 12,
and 20K in plate of second triode and .00ly; 0001, and .50 pufd
coupling condensers in between lst and 2nd, 2nd and 3rd, 3rd and

4th stages.
TEST
POINT]
NOS. TEST POINTS VOLTAGE LIMIT REMARKS
1 | 2nd plate of V1 + 125 + 10%
2 LA + 165 + 10%
3 " L + 175 + 20%
4 " "o oyg + 175 + 10%
5 | Feeds V1 and C.F.'s + 172 + 10%
of V2 and V3 -
6 | Feeds BV2 plates + 250 + 0%

7 Cathode potential V1 +15 + 10 %

8 " "o +15 +10%
9 " " v +15 +10%
10- " " va| +15 +10%

11 | orid potemtial of V1| - 13 + 10%

12 | Grid potential of -1 +10%
V2, V3 and V4 :

13 | Output of C.Fe V5 -22 +10%

14 | Grid of C.F. V5 -28 +10%

15 | Plate of C.F. V5 + 172 + 4%

16 | CoF. V5 return - 12 +4%

17 | Plate sapply voltage | + 255 + 1%
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2¢1 Systematic Preventative Maintemance.

¢. If voltages are within proper tolerance, the next step

is to teke gain measurements of amplifier including V5

cathode~follower (of. Table 3, page D2.1-7). The gain

measuremﬁts should be made as followss

1) H.Ps oscillator with 6 olm, 100 to 1, output pad is
used to supply a 1,0 millivolt r.m.s, signal to
amplifier. This is a.c. coupled with a 0.0l mfd
oondenser, and is fed into input of amplifier?'s
first stage, well shislded.

2) The D.Co Scops Tektronix Type 512 is used to measure
poek-to-peak, or a H.P. vacuum tube volimeter can be
used to measure both input and output ro.m.s. voltages.

(See Figure 1 below.)

s —
= HoP. Vacuum Tube
- v Voltmeter

Mgure 1.
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Table 3. Gain Measurements of CRT Amplifier
FREQUENCY
CHECK POINTS INPUT OUTPUT VOLIS GAIN (Min.)
5 KC 1.0 MeVo, ToMoso 5.0 5,000
10 EC " ' 1500 15,000
100 KC " 32,0 32,000
500 KC " 22,0 22,000
1000 KC " 12,0 12,000

3) The gains given in the preceding Table 3 are the
minimum gains that an emplifier should have.

4) Amplifisrs should be checked for noise and 60
oycle ripple by turning off H.P. oseillator, or
by grounding the first grid of V1, which is the
input to the amplifier. With the D.C. Scope 512
across the output of V5 (oathode-follower), and
maximm gain in scope, the noise + 60 cycle
ripple should be less than 30 millivolts.

This completes the checking of the CRT Amplifier and Cathode-

Follower output.
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