



























































































































































































































































QUADRUPLE D.C. AMPLIFIER 6.002

D-C Amplifier 6.002 is shown in figures 2 and
3. These curves indicate the capabilities of the
amplifier over a range of different frequency re-
quirements.

a. Low-frequency Characteristics. Figure 2
gives the low-frequency characteristics for 1-
megohm ideal input and feedback resistors. The
percentage of error is defined as

Act. output — theor. output

% output x 100%

theor. output

7. DETAILED CIRCUIT DESCRIPTION.

All four of the d-c amplifiers are identical, there-
fore only ome will be described. The amplifier
discussed here appears at the top of schematic
diagram D006 017 OS.

a. D.C. Amplifier Section. The input to the d-c
amplifier section consists of the two triodes Vla
and V2a which are connected in a differential
input circuit. Offset and integrator drift are re-
duced to a minimum in this stage by virtually
eliminating input grid current. This is accomplished
through the use of the grid-blocking capacitor
Cl and a separate grid return resistor R2.* The
other grid of the differential input circuit is that
of V2a which is direct-coupled to the output of
the stabilizer section. Vla and V2a have a com-
mon cathode resistor, R4.

The two reverse-connected diodes CR1 and CR2
are connected from the input point to ground so
that capacitor C1 cannot be charged to a high
value during momentary overload conditions. This
allows the amplifier to recover quickly after an
overload occurs.

If the d-c level at the input rises, this d-c signal
cannot pass directly to the input grid but charges
C25 through R1 in the low-pass filter. The d-c
signal component is amplified in the stabilizer
section and applied to the grid of V2a. A d-c
signal is, therefore, amplified by a factor equal
to the gain of the d-c section multiplied by that
of thestabilizer. A-C signal voltages pass through
Cl to the grid of Vla. Stabilization techniques
are concentrated in the first stage because any
driftoriginating here is amplified by the following
stages. . :

The input stage is followed by cathode follower
V1b, pentode amplifier V3a, and cathode follower
V3b. Output from V3b drives a ‘‘totem-pole”’
output circuit** composed of V4 and V5. The

*Korn and Korn, Electronic Analog Computers, P. 209, 235

**Millman and Taub, Pulse and Digital Circ;uits, P. 99

operating point of V1b is controlled by the 100,000
ohm potentiometer, R54 in its cathode circuit.
(This is the BALANCE control located on the
front panel.) To balance, the pushbutton is de-
pressed, disabling the stabilizer, and the BAL-
ANCE potentiometer is adjusted, after which the
automatic balancing circuit assures control.
(Sub-paragraph b below provides further informa-
tion on adjustment of the BALANCE control.)
Output of V1b is taken from a tap on the voltage
divider and direct-coupled to the grid of V3a, the
pentode portion of a type 6U8 tube. The pen-
tode is direct-coupled to the cathode follower
V3b which drives the grids of V4 in parallel. The
two output tubes V4 and V5 are connected in
series between the +300V and —-300V power sup-
plies. The output tubes operate Class B with
low quiescent plate current. If the grid voltage
at V4 rises, conduction increases and plate volt-
age decreases. As a result, the grid bias of V5
increases, and the plate-cathode impedance does
likewise so that current flows through the exter-
nal load and V4. A voltage change in the nega-
tive direction on the grid of V4 decreases the
current through it and causes V5 to conduct.
Current through the load is opposite in direction
to that described above. R8, C3, and C27 are
used in a feedback network which is partly re-
sponsible for the broadband characteristics of the
amplifier. C2 and C12 in the cathode circuits
compensate for the lag introduced by the grid-
plate capacitance of the tubes.

b. Stabilizer Circuit. The automatic balancing
circuit of the d-c amplifier consists of the syn-
chronous vibrator D1 and the triode-pentode tube
V6 (type 6AW8). The purpose of this sectionis
to compensate for drift in the d-c portion, auto-
matically. Output of the stabilizer is applied to
the second grid (V2a) of the differential input
stage of the d-c amplifier. Refer to figure 7 which
shows the way the stabilizer is connected. The
summing point 0 must be maintained essentially
at zero potential by the amplifier. Any variation
of the output voltage above or below the re-
quired value causes point 0 to become slightly
positive or negative. This voltage change is
coupled through the low-pass filter to the contact
of chopper D1. For the purpose of the following
explanation assume that the voltage at the out-
put of the d-c amplifier rises slightly. This is
referred to as a positive drift. Point O becomes
slightly positive and this voltage is chopped-at
a 94 cps rate by D1 and applied to the input
capacitor of the stabilizer section in the form of
a square wave. The square wave is amplified by
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QUADRUPLE D.C." AMPLIFIER 6.002

about 10,000 in the two sections of the 6AW8 tube
and appears at the output with the same polarity.
The second contact of D1 restores the d-c refer-
ence level to the signal. The RC filter composed
of R25 and C12 provides d-c output which is then
applied to the grid of V2a. The polarity of this sig-
nal is negative and this causes V2a to draw less
current; its cathode potential drops along with that
of Vla. When this effect on Vla is passed along
through the d-c amplifier, and the grid of V5 be-
comes less positive; the tube draws less current
through the load and the output voltage drops. In
this way, the original positive drift voltages are
removed. The amplifier is balanced in the follow-
ing manner:

(1) Depress the BALANCE pushbutton on the
front panel. (This disconnects the stabilizer cir-
cuit from the amplifier.)

(2) Rotate the potentiometer until the neon light
is extinguished.

(3) Release the pushbutton. (This restores the
stabilizer circuit to normal operation.)

8. SPARE PARTS LIST

Reference

Symbol Description

C1, Ce, Capacitor; fixed, polystyrene

C13, C18 0.1 mfd 5% 200V Southern
Electronics #SEC 1507

C2, Cl14 Capacitor; fixed, ceramic 33
+3.3 mmfd 500V, Erie #GP1K
(EAI 515 030 0)

C3, C15 Capacitor; fixed, ceramic 680
+68 mmfd 500V, Erie #GP2K
(EAI 515 048 0)

C4, Cl16 Capacitor; fixed, ceramic disc
12 mmfd +10%, 1000V, Cornell
Dubilier “Tinymike” #C10Q12C

C5, C17 - Capacitor; fixed, ceramic disc
2700 mmfd £20%, 1000V,
Cornell Dubilier, “Tinymike”
#1.10D27

C7 Capacitor; fixed, electrolytic,
50-50 mfd 6V, Mallory Type
5‘PET”

Ccs, Cl11, Capacitor; fixed, ceramic .05

C20, C23 mfd +20%, 500V  Sprague
“Type’” #36C142A1

Co9, C21 Capacitor; fixed, ceramic

5+.5 mmfd 500V, Erie #GP1K

Reference

Symbol

C10, C22

C12, C24

C25, C26,
C33, C34

C27, C28

C29, C30

CR1 through
CR4

D1

P1

1, 12
XI1, XI2

R1, R2e6,
R51, R52

R2, R16,
R27, R41

R3, R28

R4, R29

R5, R30,
Ré6, R31

R7, R10, R24,
R32, R35, R49,
R55, R56

Description

Capacitor, Electrolytic, 50 mfd
6V Sprague #TE1100

Capacitor; fixed mylar 2 mfd
200V, Southern Electronics
#SEC 1506

Capacitor; fixed, ceramic .02
mfd  £20% 500V Sprague
“Type” #36C201A .

Capacitor; fixed, ceramic disc
2.2 mmfd 1000V, Cornell
Dubilier = ‘‘Tinymike’® #C10
V22C, (EAI 515 048 0)

Capacitor; fixed, ceramic .0018
mfd  :20%, 1000V, Sprague
“Type’” #19C217A

Diode; Hughes type #HD6008
(EAI 614 007 0)

Chopper: Stevens - Arnold
#CH500-94 or James, C1978EA

- adjusted for operation of 94 cps.

Connector, Printed Circuit Am-
phenol #133-817

Lamp, Neon #NE2D

Lamp, Holder, Dialco #137-
7236 -937

Resistor; fixed, comp., 270K
ohms +10%, 1/2W Allen-
Bradley EB (EAI 626 274 1)

Resistor; fixed, comp., 2.2
megohm £10%, 1/2W Allen-
Bradley EB (EAI 626 225 1)

Resistor; fixed, comp., 180K
ohms 110%, 1W Allen-Bradley
GB (EAI 627 563 1)

Resistor, fixed, comp., 100K
ohms $10%, 2W Allen-Bradley
HB (EAT 628 104 1)

Resistor; fixed, comp., 47K
ohms *10%, 1/2W Allen-
Bradley EB (EAI 626 473 1)

fixed, comp., 100K

ohms 110%, 1/2W Allen-
Bradley EB (EAI 626 104 1)

Resistor;
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Reference Reference
Symbol Description Symbol Description
R8, R33 Resistor; fixed, comp., 560K R43, R48 ohms +10%, 1/2W Allen-
ohms 110%, 1/2W Allen- R62 through 69 Bradley EB (EAI 626 821 1)
Bradley EB (EAI 626 564 1) . .
R22, R47 Resistor; fixed, comp., 47K
R9, R34 Resistor; fixed, comp., 56K ohms $10%, 2W Allen-Bradley
ohms 10%, 2W Allen-Bradley HB (EAI 628 473 1)
IB (EAI 628 563 1)
. . R25, R50, Resistor; fixed, comp., 10
R11, R19, Resistor; fixed, comp., 1 R58. RSO megohms 10%. 1/2W Allen-
R20, R36, megohms *10%, 1/2W Allen- ’ Bradley EB ( EAI 626 106 1)
R44, R45 Bradley EB (EAI 626 104 1)
istor; iable, ., 100K
R12, R37 Resistor; fixed, comp., 470K R53, R54 Resistor; variable, comp
ohms 110%, 2W Allen-Bradley
ohms  110%, 1,2W Allen- #JU1041-P3056
Bradley EB (EAI 626 474 1)
S1. S2 Switch;  pushbutton, Mallory
R13, R38 Resistor; fixed, comp., 33K ’ B-PBZ-2 (EAI 656 010 0
ohms *10%, 1/2W Allen- # BZ-2 ( )
Bradley EB (EAI 626 333 1) V1, V2, V7 Tube; electron, type 6072
. . (EAI 562 046 0)
R14, R15, Resistor; fixed, comp., 1.8K
R39, R40 ohms 110%, 2W Allen-Bradley V3, V8 Tube; electron; type 6U8
HB (EAI 628 182 1) (EAI 562 052 0)
R17, R21, Resistor; fixed, comp., 220K V4, V5, V9, Tube;  electron, type 5965
R42, R46 ohms *10%, 1/2W Allen- V10
Bradley EB (EAI 626 224 1) V6, V11 Tube; electron, type 6AW8
R18, R23, Resistor; fixed, comp., 820 (EAI 562 051 0)

10



REGULATED POWER SUPPLY 10.001

Figure 1
Schematic D010 001 0S
Wiring DO10 001 OW

1. GENERAL

Regulated Power Supply 10.001 provides 300 volts
of regulated d-c power at 2 amperes from a 115
volt 60 cycle source. Also included in this unit
are two sources of filament power of 6.3 volts at
45 amperes each, The component is considerably
lighter than comparable power supplies due to the
incorporation of a special type of power trans-
former and a highly efficient metallic rectifier.
The Power Supply is constructed on a U-shaped
chassis of the plug-in type to facilitate main-
tenance and handling.

2. TECHNICAL DATA

Front Panel

Height 7 inches

Width 19 inches
Chassis

Height 7 inches

Width 19-1/2 inches

Depth 14-7/8 inches

Weight of Unit
90 pounds

Tube Complement

4 each — 6336
1 each — 6U8
1 each - 5651

1 each — 12AX7
Input Power
See figure 2 ‘
Unregulated Output Voltage
390 volts d-c
Regulated Output Voltage
290 to 310 volts d-c (Adjustable)
Low-VYoltage Outputs

Two separate, identical, 6.3 volt, 45
ampere, centertapped outputs.
Output Impedance

Less than 0.2 ohms at frequencies up
to 6 KC.

Controls

VOLTAGE ADJUST located on front
panel. RIPPLE ADJUST located on

front panel.

Unit Terminations

Input and output terminations are made
at two standard comnectors. Terminal
numbers for each function are listed
below.

Terminal Number Termination

P1-1 115V, 60 cps input to filament
transformers

P1-2 Centertap of filament transformer
T2 secondary :

P1-3 115V, 60 cps input to filament

 transformers (common)
P1-5 390 volts d-c, unregulated
Pl-6, 7 300 volts d-c, regulated output

P1-9, 10 Connection for external stabilizer.
: Install jumper when stabilizer

is not used.

P1-11 Connection for external reference.
When external reference is not
used, jumper to terminal 12.

P1-12, 13 300 volis d-c, regulated output,
common side

P1-Al, A2 6.3V a-c at 45 amperes

P2-1 115 volts, 60 cps, input to plate
transformer (hot)

P2-2 : Centertap of filament transformer
T3 secondary

P2-3 115 wvolt, 60 cps input to plate
transformer (common)

P2-13 Chassis Ground

P2-Al1, A2 6.3V a-c at 45 amperes

3. DETAILED CIRCUIT DESCRIPTION

a. - As indicated in schematic diagram D010
001 0S, the circuit consists of these parts:

D-C power supply (Sola Electric Co. D.C.
Power Supply #28389)

Power Supply Regulator 43.001

Series-type regulator consisting of four
type 6336 vacuum tubes

Three filament transformers

The power supply rectifies and filters the output
of the high voltage transformer and supplies 390
volts unregulated d-c to terminal 5 of P1. The
series regulator, consisting of four type 6336
tubes in parallel, is connected between the un-
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Figure 1. Regulated Power Supply 10.001.
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POWER SUPPLY (OUTPUT LOAD VS, INPUT POWER)

INPUT CURRENT ( AMPS) LINE VOLTAGE 115 V

0o 2 4 6 .8

1.0 1.2 14 1.6 1.8 2.0

LOAD CURRENT (AMPS)

Figure 2. Input Power Requirements.

regulated supply and terminals 6 and 7 of PI.
The resistance of these tubes is dependent upon
the grid bias which is supplied from the output
of the Regulator Amplifier.

The filament transformers supply the heaters of
tubes in the power supply and those in external
equipment.

b. The Sola Electric Co. D-C Power Supply

contains a constant voltage transformer, rectifier,
and filter.

The transformer includes three windings: the
primary; a resonant winding (the lower secondary
winding on the diagram, with two taps); and a

compensating winding (the upper secondary on the
schematic). When alternating current is impressed
across the primary, the magnetic flux induces a
voltage in the tuned secondary (tuned by the two
5MFD capacitors). When the flux density of the
core increases to the point at which the inductive
reactance of the winding equals the capacitive
reactance of the two capacitors at the frequency
of the exciting voltage, the circuit becomes res-
onant, and the voltage across it increases rapidly
to a stable, predetermined value. This, in effect,
increases the flux density of that part of the core
on which the resonant winding is wound. Further
changes in flux produced by line voltage changes
in the primary cause only small variations in
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voltage across the resonant circuit. The upper
secondary shown (compensating winding) is used
to compensate for these small variations.

Output is taken from a tap on the resonant wind-
ing. The compensating winding is connected in
series opposition with the output. This winding
is so proportioned that the voltage change in-
duced by a given change in primary voltage
is about equal to the change in the output. There-
fore, the output voltage remains constant regard-
less of changes in the primary. Output is constant
within 1% with line voltage variations of +15%.

The current limiting properties of the constant
voltage transformer allow the use of a high capac-
ity filter with the silicon diode bridge rectifier,
eliminating the need for a choke. The transformer
limits the current supplied to the large filter
capacitor and will not allow the capacitor to draw
more than the rated output through the rectifiers.
When the supply is first energized, the capacitor
is charged slowly without a large surge.

c. The Regulator Amplifier 43.001 detects any
change in the regulated output voltage, amplifies
and inverts the voltage variation in a d-c am-
plifier, and applies the resulting signal to the
grids of the four regulator tubes. Refer to figure
3. The grid of V2b is connected to a voltage
divider (R11, R12, R21) across the output of the
300 volt supply. Any change in the output is am-
plified and inverted in this triode. Capacitor
C3 provides a low impedance coupling to the grid
for high frequency transient voltages. The sig-

nal appearing at the plate of V2b is coupled to
the grid of the cathode-follower V1b. Since
this tube and Vla have a common cathode resis-
tor, the signal is impressed upon the cathode of
Vla and amplified again. Grid no. 1 of Vla is
connected to another voltage divider (R3, R4)
across the output of the supply. A portion of any
change in the output voltage appears at this grid
and is amplified in Vla. Both signals have the
same effect on the plate voltage of Vla; a rise in
output voltage of the supply drives the cathode of
Vla down and grid no. 1 more positive; the
tube draws more current through the plate load re-
sistor R1. The series regulator grids are directly
coupled to this plate through 4,700 - ohm resistors.
When the grids become less positive, the internal
plate-cathode resistance of the regulators in-
creases. lhe voltage drop across the regulators
increases, causing a smaller drop across the load
on the output of the supply.

Grid no. 2 of Vlais connected to a voltage divider
(R2, R22, R5) between the unregulated (+390V)

voltage and ground. Since the screen voltage-plate
current characteristic curve for the 6U8 is quite
linear over a wide range, this circuit is effective
in cancelling any ripple voltage present at the
output of the filter. The RIPPLE ADJUST con-
trol R22, adjusts the operating point of the screen
on - the above-mentioned curve. Adjustment is
made at the time of manufacture by observing the
ripple-content of the supply output on an oscillo-
scope and adjusting R22 for minimum ripple.

V2a maintains a fixed cathode bias for the opera-
tion of V2b. The plate is connected directly to
the regulated +300 volt output; the grid is held at
84 volts by the gas filled regulator tube V3 (5651).
The tube establishes a cathode potential of +85
volts at the top of R9 (47K). This, together with
the position of the tap on R21, determines the
operating point of V2b and the ‘“‘no-signal’ volt-
age at the plate which, when impressed upon the
next two stages, determines the plate-to-cathode
resistance of the series regulator tubes. It serves,
therefore, as the output voltage adjustment be-
cause the output is taken from across a portion of
the voltage divider consisting of the series regu-

lator tubes, R11, R21, and R12.

Use of another triode (V2a) to establish operating
conditions for the input tube V2b is a superior
method to circuits using a gas tube in the cathode
circuit. The transient noise spikes characteristic
of glow discharge tubes can be filtered easily in

the grid circuit by the RC filter R8, C1 and C2.

Since the cathodes of V1 and V2 are operated at
relatively high potentials, (158 volts and 85 volts
respectively), the filament source for these tubes
is returned to a 150-volt point. This bias is
provided by R13 and R14, connected in series
across the 300 - volt output of the supply.

V1 - 6U8
Pin No. Tube Element Voltage
1 Plate-Triode Section +310
2 . Control Grid-Pentode Section “+170
3 Screen Grid-Pentode Section +200
4 Filament +150
5 Filament +150
6 Plate-Pentode Section +310
7 Cathode-Pentode Section +175
8 Cathode-Triode Section +175
9 Grid-Triode Section +170
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SIMPLIFIED SCHEMATIC OF VOLTAGE
REGULATOR AND REGULATOR AMPLIFIER

CIRCUITS, 10.001 POWER SUPPLY
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V2 - 12AX7
Pin No. Tube Element Voltage

1 Plate — V2b +175
2 Grid — V2b +85*
3 Cathode — V2b +90

4 Filament V2a, V2b +150
5 Filament V2a, V2b +150
6 Plate V2a +310
7 Grid V2a +85*
8 Cathode V2a +90

All voltages are measured withrespect to terminal
P1-12 with a 20,000 ohms-per-volt meter, except
grid potentials of V2.

* These measurements made with VTVM.

External stabilization may be used if desired.
Terminals P1-9 and P1-10 are normally jumpered.
If an external stabilizer is used, the jumper is
removed and the stabilizer connected across
these terminals with the output going to P1-9.

d. The series regulator consists of four type
6336 triode tubes in parallel. This high perveance
tube was developed especially for regulator ser-
vice. In the circuit the 6336 operates with about
a 78 volt plate-to-cathode voltage and a 12.5 volt
drop across the cathode resistor, delivering 250
ma. under full load. The internal plate-cathode
resistance of the tube is determined by the bias
on the grid which is varied about the 12.5 volt
level by the regulator amplifier.

e. The three filament transformers T1, T2, and
T3 are rated at 6.3 volts a-c at 45 amperes. T1
supplies the filaments of the power supply regu-
lator amplifier. T2 and T3 are used for supplying
filament voltage to external equipment.

4. PARTS LIST

This section lists all replaceable parts in the
Model 10.001 Power Supply. In each case the ref-
erence symbol (schematic designation) is listed,
together with a brief description and manufac-
turer’s part number.

The components in this list that are indicated by
an asterisk (¥) are standard electronic components
that are usually available at any commercial elec-
tronic supply house. In order to expedite ob-

taining these parts, it is suggested that they be

purchased from a local source whenever possible.
If necessary the items may be ordered from Elec-
tronic Associates, Inc.

Certain components in this parts list contain only
an EAI number.

components or proprietary items that are avail-

These items are custom-made

able only from EAI. - When ordering components of
this type, please specify the type number and
serial number of the basic unit in which the part
is located, as well as the part identification.

Those components in the parts lists that are not
asterisked, but contain both an Al and a manu-
facturer’s number, are items that can be obtained
from EAI or any of the listed manufacturers. How-
ever, in most cases LAl is in a position to offer
the most rapid service on items of this nature.

Please note that ICAl reserves the right to make
part changes and substitutions when required; in
all cases KAl guarantees that these substitutions
are electrically and physically compatible with
the original component.

Reference
Symbol Description
Assembly, Power Supply Regulator (See
Separate List) EAI 43.001 -
C1* Capacitor, fixed, mica: 8200 mmfd, £+10%
500V; EAI 519 050 0 (CM35B822K)
Co* Capacitor, fixed, electrolytic: 50 mfd,
+25%, 450V; Mallory NP-4505 (EAI 516
033 0)
C3* Capacitor, fixed, paper: .047 mfd, +20%,
400V; Aerovox P88N (EAI 520 053 0)
F1# Fuse: 12 ampere, Littelfuse 314012

(EAI 570 122 0)

¥2, F3,IF4"‘,‘ Fuse, 3 ampere,
(EAI 570 112 0)

Littelfuse - 313003

11, 12% Lamp, Incandescent: 6T 4-1/2-120

EAI 578 007 0

R1,R4,* Resistor, fixed, composition: 4700 ohms
R5,R8, t10%, 1/2W; -Allen-Bradley EB (EAI
RO, R12, 626 472 1)

R13,R16
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Reference

Symbol Description

R2,R3,* Resistor, fixed, wirewound: 500 ohms

R6,R7, 5%, 10W; Ward-Leonard 10X50WL (EAI

R10, R11, 636 069 0)

R14,R15

R17* Resistor, fixed, composition: 270,000
ohms 110%, 1/2W; Allen-Bradley EB
(EAI 626 274 1)

R18* ‘ Resistor, fixed, wirewound: 0.47 ohms

£10%, 1W; IRC BW-1 (EAI 636 094 0)

R19,R20* Resistor, fixed, composition: 200 ohms
t10%, 1W; Allen-Bradley HB (EAI 627
201 1) i

R21* Resistor, variable, composition: 25,000
ohms +10%, 2W; Allen-Bradley JLU2531
SD4040L (EAI 642 014 0)

R22% Resistor, variable, composition: 100,000
ohms £10%, 2W; Allen-Bradley JLU1041
SD4040L (EAI 642 017 0)

T1,T2,T3 Transformer, filament: EAI 684 079 0

V1, Vv2, Tube, Electron: Type 6336; EAI 562 049 0
V3, V4

a. POWER SUPPLY REGULATOR 43.001

Reference

Symbol Description

Cl* Capacitor, fixed, ceramic, disc: .02 mid,
600V; Centralab DD-203 (EAI 515 001 0)

C2* Capacitor, fixed, ceramic: .1mfd, 300V;
Sprague 3GAB-P1 (EAI 515 067 0)

C3* Capacitor, fixed, paper: .22 mifd, 600V;
Aerovox P151N (EAI 520 063 0)

C4* Capacitor, fixed, plastic: 0.1 mfd, 400V;

Hopkins P14M (EAI 521 054 0)

Reference
Symbol

R1, R8*

R2, R6, RO*

R3*

R4*

R5*

R7*

R10*

R11

R12

R13, R14*

R15*

Vi*

Va2*

V3*

Description

Resistor, fixed, composition: 4,700 ohms
110%, 1/2W; Allen-Bradley EB (EAI
626 474 1)

Resistor, fixed, composition: 47,000 ohms
£10%, 1/2W; Allen-Bradley EB (EAI
626 473 1)

Resistor, fixed, composition: 68,000 ohms
+10%, 1/2W; Allen-Bradley EB (EAI
626 683 1)

Resistor, fixed, composition: 82,000 ohms
+10%, 1/2W; Allen-Bradley EB (EAI
626 823 1)

Resistor, fixed, composition: 100,000
ohms *10%, 1/2W; Allen-Bradley EB
(EAI 626 104 1)

Resistor, fixed, composition: 120,000
ohms *10%, 1/2W; Allen-Bradley EB
(EAI 626 124 1)

Resistor, fixed, composition: 1 meg, $10%,
1/2W; Allen-Bradley EB (EAI 626 105 1)

Resistor, fixed, wirewound, precision:
120,000 ohms £1.0%, Stability .005%,
EPR PC-18; EAI 638 064 0

Resistor, fixed, wirewound, precision:
43,000 ohms *1.0%, Stability .005%,
EPR PC-18; EAI 638 063 0

Resistor, fixed, composition: 220,000
ohms %10%, 1/2W; Allen-Bradley EB
(EAI 626 224 1)

Resistor, fixed, composition: 27,000 ohms
t10%, 1/2W; Allen-Bradley EB (EAI
626 273 1)

Tube, Electron: Type 6U8 (EAI 562 052 0)

Tube, Electron: Type 12AX7 (EAI 562
035 0)

Tube, Electron: Type 5651 (EAI 562 006 0)



REGULATED POWER SUPPLY 10.017

Figure 1
Schematic C010 017 0S
Wiring D010 017 OW

1. GENERAL

Regulated Power Supply 10.017 contains two
separate regulated power sources, independent of
each other except for a common power transformer.
The uppersection shown on the schematic delivers
200 volts regulated d-c, at 80 ma, the lower sec-
tion furnishes 110 volts regulated d-c at 500 ma.
In most applications of this supply the 200 volt
section is connected to the —300 volt supply in
the computer in order to obtain —500 volts. The
+110 volt supply is used for plate and screenvolt-
ages in the d-c amplifier.

2. TECHNICAL DATA

Front Panel
Height 2-15/16 inches
Width 9-7/16 inches
Chassis
Height 2-3/4 inches
Width 7-15/16 inches
Depth 14-3/4 inches
Weight of Unit
7.5 lbs.

Tube Complement

12AX7 —~ 2each
5651 — 2 each
6U8 ~ 2 each
6BX7 ~ 1 each
6528 — 1leach

Power Input

115 volts 50-60 cps, 1 amp. (approx.)
6.3 volts 60 cps, 2.25 amp.
6.3 volts, 60 cps, 5.75 amp.

Regulated Output Voltages

200 volts d-c, 80 ma.
110 volis d-c, 500 ma.

Low Voltage Outputs
6.3 volts, 60 cps, 2 amp.
Output Impedance

0.025 ohms up to 20KC
Not more than 1 ohm up to 600KC

Controls and Indicators

110V ADJ

Located on front panel, potentiom-

eter adjustment of 200 volt output.

200V ADJ
Located on front panel, potentiom-
eter adjustment of 200 volt output.

PLATE
Red light
power is applied.

indicated when plate

Unit Terminations

All connections to the unit are made
at connector Pj. Refer to figure 1.
The function of each terminal of Pj
is indicated below.

Terminal
Number Function
Al ' 6.3 volts, 60 cps; filament power for
V1, V3, V4
A2 6.3 volts, 60 cps; filament power for
V1, V3, V4
1 6.3 volts, 60 cps; filament power for
Ve, V7, V8
2 6.3 volts, 60 cps; filement power
for V6, V7, V8
3 110 volt d-c output, positive terminal
4 110 volt d-c output, negative terminal
6 115 volt 60 cps input to transformer
primary
7 115 volt 60 cps input to transformer
primary
8 6.4 volt 60 cps output, 2 amp.
9 200 volt d-c input to regulator
10 6.4 volt 60 cps output, 2 amp.
11 200 volt output, positive terminal
12 200 volt output, negative terminal
13 Chassis ground

3. DETAILED CIRCUIT DESCRIPTION

Reference to schematic drawing CO010 017 0S
reveals the upper and lower circuits to be almost
identical. Because of this, the upper supply
shown is described in detail here. At the end of
this description the differences in the lower supply
are enumerated.

Each power supply can be divided into three parts
for the purpose of explaining its operation. They are:

Transformer and full-wave rectifiers
Regulator (d-c) amplifier
Series Regulator
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Figure 1. Regulated Power Supply 10.017.
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The upper winding of the transformer develops
about 285 volts either side of the center tap. This
voltage is rectified by the four silicone diodes
CR1-C44 in a full wave connection.

The Regulator Amplifier detects any change in the
regulated output voltage, amplifies and inverts it
in a d-c amplifier, and applies the resulting signal
to the grids of the two triode regulators. Refer
to the schematic. The grid of V1b is connectedto

a voltage divider (R15, R16, R17) across the out-
put of the supply. Any change in the output is
amplified and inverted in this triode. Capa-
citor C4 provides a low impedance coupling to the
grid for high frequency transient voltages (noise).
The signal appearing at the plate of V1b is coupled
to the grid of the cathode-follower V3a. Since this
tube has its cathode resistor in common with
V3b, the signal is impressed upon the cathode of
V3b and amplified again. Grid No. 1 of V3b is
connected to another voltage divider (R9, R10)
across the output of the supply. A portion of any
change in the output voltage appears at this grid
and is amplified in V3b. Both signals have the
same effect on the plate voltage of V3b; a rise in
output voltage of the supply drives the cathode of
V3b down and its grid No. 1 more positive; the
tube draws more current through its plate load re-
sistor R3. The series regulator grids are directly
coupled to this plate through a 1,500-0hm resistor.
When the grids become less positive, the internal
plate-cathode resistance of the regulators in-
crease. The voltage drop across the regulators
increases and there is less drop across the load
on the output of the supply.

Grid No. 2 0f V3b is connected to a voltage divider
(R1, R2) between the unregulated voltage and
ground. Since the screen voltage-plate current
characteristic curve for the 6U8 is quite linear
over a wide range, this circuit is effective in
cancelling any ripple voltage present at the output
of the filter.

Vla maintains a fixed cathode bias for the opera-
tion of Vlb. The plate is connected directly to
the regulated 200 volt output; the grid is held at
84 volts by the gas filled regulator tube V2 (5651).
The tube establishes a cathode potential at the
top of R14 (47K) which, together with the position
of the tap on R16, determines the operating point
of V1b and the ‘‘no signal’’ voltage at its plate
which, when impressed upon the next two stages,
determines the plate-to-cathode resistance of the
series regulator tubes. It serves, therefore, as the
output voltage adjustment because the output is
taken from across a portion of the voltage divider

consisting of the series regulator tubes, R15, R17,
R16. All the components in the regulator amplifier
are designed to serve one purpose, that of control-
ling the resistance of the regulator tubes.

Use of another triode (V1a) to establish operating -
conditions for the input tube V1b is a superior
method to circuits using a gas tube in the cathode
circuit. The transient noise spikes characteristic

of glow discharge tubes can be filtered easily in
the grid circuit by the RC filter R12, C2, C3.

The series regulator consists of a type 6BX7 dual
triode with the two sections in parallel.

The internal plate-cathode resistance of the tube
is determined by the bias on the grid which is
varied about the 12.5 volt level by the regulator
amplifier.

The filament winding is rated at 6.4 volts a-c at
2 amperes and is used for supplying indicator
lamp voltage to external equipment.

The lower power supply shown on the schematic
delivers 110 volts at 500 ma. The principle differ-
ences are found in the No. 2 grid circuit of the
6U8 and that of V7a. A lag network composed of
C8 and R31 is connected across the grid No. 2
input to compensate for the lead introduced into
the 120 cycle component of input signal by C6.
The lag network effectively places the signal at
the No. 2 grid in phase with that at the No. 1
grid of the pentode which provides excellent
ripple filtering action.

The grid circuit of V7a is modified in such a way
that the grid is attached to a point on the voltage
divider R25, R26, and R27 which is maintained at
about 42 volts through the action of V5.

The relay K1 shown on the schematic is a pro-
tective device. I the output voltage increases
to +160 volts, the relay will energize and open
the load circuit, thereby protecting the quad-
ruple d-c amplifiers.

4. SPARE PARTS LIST

Reference
Symbol Description
Cla, b Capacitor; fixed, electrolytic,
daul 80-40 mfd; Sprague #TVL
2634; 350V
C2, Ce, C8 Capacitor, fixed, paper 0.1 mfd

200V; Aerovox P827Z
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Reference

Symbol

C3, C7

C4

C5a, b

co
CR1-8

F1
Il

R1, R2, R11,
R22, R38
R3, R12, R32
R4, R6

R5, R7

R8, R14

R9, R28

R10, R26, R30

R13, R23

R15

R16

R17

R18

Description

Capacitor; fixed, paper .02 mfd
200V; Aerovox P827

Capacitor; fixed, paper .047 mfd
200V; Aerovox P85N

Capacitor; fixed, electrolytic,
dual 80-40 mfd; Sprague # TVL
2778; 450V

Capacitor, fixed, paper 0.1 mfd
600V; Aerovox P85N

Rectifier;  silicon;
Tarzian M500

Sparkes

Fuse; 2 amp; Littelfuse #313002

Lamp; incandescent; #6R
4-1/2/120

Resistor; fixed, 100K #*10%
1/2W, EAI 626 104 1

Resistor, fixed, comp., 470K

+10%, 1/2W; EAI 626 474 1

Resistor; fixed, comp., 1500 ohms
+10%, 1/2W; EAI 626 152 1

Resistor, fixed, comp., 27 ohms
£10%, 1V; EAI 627 270 1

Resistor; fixed, comp 47K $10%
1/2W; EAI 626 473 1

fixed, comp., 82K
1/2W; EAI 626 823 1

Resistor;

+10%,

fixed,
1/2W;

Resistor;
+10%,

comp., 68K
EAI 626 683 1

Resistor; fixed, comp., 1.0 meg
+10%, 1/2W; EAI 626 105 1

Resistor; fixed, WW precision
100K 1% stability .005%
EPR #N113E

Resistor;

+10%;

variable, 25K ohms
Mallory #M25MPK

Resistor; fixed, WW precision
51K 1% stability .005%; EPR
#N113E

Resistor; fixed, WW precision
62K 11% stability .005%
EPR #N113E

Reference

Symbol
R19

R20

R21

R24, R31, R40,
R41

R25, R26

R27

R29

R33, R34

R35, R36

R37

R39

T1

V1, V7
V2, V5

V3, V6
V4
V8

K1

XV2, XV5

XV4, XV8

Description

variable; 10K ohms
Mallory  #M1OMP

Resistor;

110%,

Resistor; fixed, WW precision
39K 1% stability .005%;
EPR #N113E

Resistor; fixed, WW power 5K
+5% 10W; EAI 636 020 0

Resistor; fixed, comp., 27K
+10%, 1/2W; EAI 626 273 1

Resistor; fixed, comp. 100K
15%, 1/2W; Allen BradleyEB
EAI 626 104 0

Resistor; fixed, comp., 10K
110%, 1/2W; Allen Bradley
EB, EAI 626 103 1

Resistor; fixed, comp., 33K
110%, 1/2W; Allen Bradley
EB, EAI 626 333 1

Resistor; fixed, comp., 10 ohms
110%, 2 watt; Allen Bradley
HB, EAI 628 100 1

Resistor; fixed, comp., 1K 110%
1/2W; Allen Bradley EB, EAI
626 102 1

Resistor; fixed, comp., 120K
t10%, 1/2W; Allen Bradley
EB, EAI 626 124 1

Resistor; fixed, comp., 220
ohms *10%, 1 watt; Allen
Bradley GB, EAI 627 221 1

Transformer; EAI B684 070 0
Tube, electron; type #12AX7
Tube, electron; type #5651
Tube, electron; type #6U8
Tube, electron; type #6BK7

Tube, electron; type #6528
(Catham only)
Relay, GE #3S2791G200-A13
EAI 618 019 0

Socket: Tube; 7 Pin Min, Elco
#235 BC

Socket: Tube;

#9751-3

Octal, Eby



REGULATED POWER SUPPLY 10.017

Reference
Symbol

XK1

XCR1 through 4
XF1

Description

Socket; Viking VB8/3DV3

Fuse Block; Littelfuse #099063
Fuse Holder; Bus #HKP

Reference

Symbol

X1l

XV1, XV7,
XV3, XV6

Description

Pilot Lamp Assembly; Dialco
#721515-111

Socket; Tube; Noval, Elco
#169 BC



REFERENCE REGULATOR 43.003

Figure 1

Schematic C043 003 0S

Wiring D043 003 OW

Reference and Check Amplifier Network 12.098

1. GENERAL

These two units are considered at the same time
because they operate together and the circuit
operation of one cannot be described without in-
volving the other. Two Reference Regulators and
one Reference Network are required for a complete
1100 volt reference supply. Figure 2 is a block
diagram of the +100 reference supply showing the
components of Network 12.098 and within the
dashed lines, the amplifier, stabilizer and BAL-
ANCE potentiometer that comprise the Regulator
Amplifier. K1, in the position shown, connects
6.5 volt point on the voltage divider R11, R12, to
the stabilizer input. The top of the voltage divider
is connected to a source of +100 volt reference
which is derived from another comsole in the
system. This permits slaving of the Reference
Regulators in all consoles. The output voltage

may be set by adjusting R19 of network 12.098.

With relay K1 energized, the 6.5 volt mercury

cell serves as the standard. The stabilizer con-

tains a chopper which samples the output of the

cell and compares it with a tap on the divider

composed of R8, R9 and R10. If there is any

difference between the two voltages, it is ampli-

fied in an a-c amplifier (stabilizer section)

rectified, filtered, and applied to the amplifier

section as a correction voltage.

2. AMPLIFIER SECTION

The schematic diagram has been simplified and
rearranged in figure 3 showing only the amplifier
section -of the Reference Regulator, and asso-
ciated resistors of network 12.098. (See fig. 5.)

Two type #6528 dual triode tubes are connected
as series regulators, the four triodes being in
parallel with each other, and each in series with
the load. The load is represented in the drawing
by the resistors shown by dotted lines connected
from the cathodes to ground of the 6528’s. The
grids of the regulators are cantrolled by the out-
put of a d-c amplifier composed of V1 and V2.
The regulator tubes may be considered to act as
a series rheostat, the resistance of which is con-
trolled by the grid voltage. Assume, as an example,
that a heavy load is connected to the output at
A. Foran instant the reference voltage drops. The
change in voltage is transferred to the grid of

V2a by means of the voltage divider R3 (NTWK),
R1, and R4 (NTWK), and the 1 megohm resistor
R2. As the voltage on the grid drops, the volt-
age on the plate of Vla rises; this rise is coupled
directly to the grid of V2a, the triode section of
6U8. This tube draws more current and the cathode
potential increases. The cathode of V2a is directly
coupled to that of V2b. Raising the cathode po-
tential of V2b has the same effect as increasing
its negative grid bias; the tube conducts less
current and the voltage at its plate becomes more
positive. This increase in voltage is the control
voltage for the regulator tube grids and is coupled
to the grids through the 4700 ohm resistors. The
increasing positive voltage on the regulator
grids causes internal resistance of the tubes to
decrease; more current is conducted through them,
and through the load resistors connected in series
with their cathodes, until the voltage drop across
the load is again equal to exactly 100 volts.

Notice that the grid of V2b is also controlled so
that a decrease in the output voltage causes this
grid to become more negative at the same time
that its cathode is rising, as described above.
The combined effect of these two simultaneous
actions is to decrease the grid bias quickly
causing the tube’s plate current to drop and its
plate voltage to rise. Greater control is achieved
by the two methods applied simultaneously then
would be possible using only one.

The series resistors in the grid and cathode cir-
cuits of the 6528 regulator tubes prevent parasitic
oscillations at high frequencies. Without the re-
sistors the tubes behave as tuned-plate, tuned-
grid oscillators with the wiring, and lead length
in the tubes themselves, supplying the resonant
circuit. Capacitor C2 connected in series with
R12 to ground from the regulator grids aids further
in preventing oscillation by providing a low im-
pedance coupling to the grid of Vla for higher
frequencies such as are cansed by rapid changes
in the output load value. This tends to minimize
“‘noise’’ in the output also. C10 connected direct-
ly across the output to ground helps to prevent
any rapid fluctuations in the output voltage. The
grid of V1b is used to inject the correction volt-
age from the stabilizer. The action involved here
is described below. Relay K1 is normally ener-
gized from the relay power supply when the plate
voltage of the computer is turned on. It remains.
energized for all positions of the MODE switch
except the SLAVE. In this mode, the relay drops
out and the normally closed contacts select a
+100 volt reference from the remote master com-
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Figure 1. Reference Regulator 43.003.
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Figure 2. Block Diagram,~+100 Volt Reference Source.

puter for the reference standard, instead of the
mercury cell.

3. STABILIZER

This circuit consists of two pentode tubes (type
6AU6) V5, and V6 connected as a resistance-
coupled amplifier, and a synchronous vibrator
operating at a frequency of 60 cycles. The first
section of the synchronous vibrator D1 compares

the voltage at the divider output with the standard -

cell voltage and transmits the difference to the
grid of V5 (through the coupling capacitor C3) in
the form of a square wave. This wave is amplified
by V5 and V6, then rectified by the second section

of the vibrator, which also establishes the d-c¢
reference level of the stabilizer output. R32
and C9 comprise a filter. The d-c output of the
stabilizer is fed to the grid of V1b in the ampli-
fier section. If the stabilizer is called upon to
deliver a large voltage, the neon bulb OVERLOAD
INDICATOR 11 ignites, and an audible alarm
sounds. The audible overload alarm is external to
Reference Regulator.

The way in which the stabilizer operates to
maintain the Reference Regulator output at a
constant value is explained as follows. As shown

in figure 2, the voltage divider R8, R9, R10 is
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connected from +100 volt output to ground. The
voltage at the junction of resistors R8 and R9 is
almost exactly 6.5 volts. It is this point which is
connected to terminal 18, labelied DIVIDER
OUTPUT on schematic C043 003 0S.

Terminal 25 is the 6.5 volt mercury cell con-
nection. As long as terminals 5 and 7 of D1 are
‘both 6.5 volts, there is no input to the amplifier.
If the divider output voltage changes, a square
wave is developed which is amplified, rectified,
and filtered. The chopper restores the d-c level in
such a way that a drop in the output voltage of
the Reference Regulator causes the stabilizer to
produce a positive going d-c signal. This signal,
when applied to the grid of V1b changes the bias
on Vla because of the common cathode resistor.
The cathode voltage is reduced and the effect is
to raise the grid voltage on the regulators, which
boosts the output voltage.

The OVERLOAD INDICATOR glows whenever
there is any appreciable output from the stabilizer.
Therefore it can be used as a means of setting
the BALANCE CONTROL at the input of the
Regulator Amplifier. The BALANCE pushbutton
is depressed, shorting the grid of V2b to ground
and the BALANCE control is adjusted until the
OVERLOAD indicator is extinguished. When the
pushbutton is released, the stabilizer again con-
trols the bias on Vla.

4. THE -~100 VOLT REFERENCE
REGULATOR

The ~100 Volt Reference Regulator operates in
exactly the same manner as the t100 volt unit.
However, it is connected somewhat differently
(see fig. 4). Referring to the schematic, C043 003
0S, terminal 14 is returned to —300 volts instead
of ground. The grid of the input tube operates

RI
200K

mA'A%

I
|
l

REFERENCE NETWORK 12.098

P — e — — e = - ——

REFERENCE REGULATOR 43.003
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Figure 4. Block Diagram —100 Volt Reference Source.
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near the -300 volt level. The plates of V1 and V2
are connected to =100 volts. Input to the stabili-
zer is obtained from the center of the voltage

divider composed of R5, R6, R7 in the network.
5. PARTS LIST

Reference
Symbol Description

Cl Capacitor; 0.33 mfd 200V
Aerovox Duranite type P88N

C2 Capacitor; ceramic, insulated,
Erie #GP2L 1000 %100 mmfd

C3 Capacitor; .047 mfd 100V
Aerovox Hyvol “‘W** type
P123WGP

C4 Capacitor; ceramic, insulated,

Erie GP1L 56 5.6 mmfd

Cs5, C7 Capacitor; 10 mfd 25V Fansteel
#PP10B25A2

Cé6 Capacitor; .022 mfd 400V
Aerovox Duranite type P88N

C8 Capacitor; .047 mfd 600V
Aerovox Duranite type P88N

C9 Capacitor; .47 mfd 100V Aerovox
Hyvol ““W”’ type P123WGP

C10 Capacitor; 50 mfd 450V Mallory
type NP4505

C11 Capacitor; ceramic, insulated

Erie GP1K 100 10 mmfd

Ci2 Capacitor; 0.01 mfd 400V
Aerovox Duranite type P88N

CR1, CR2 Diode; Hughes HD6008

D1 Chopper; Stevens-Arnold #A12-
12 W/ #252-04 connector

F1 Fuse 1/2 Amp (S60 B60) Littel-
fuse #313.500

11 Lamp; Neon #NE-2D

R1 Resistor; variable, WW Mallory
#M25MP

R2, R4, R31 Resistor; 1.0 meg 110%, 1/2W
AB

R3 Resistor; 10K 1£10%, 1/2W AB

R25, R30 Resistor; 15K 1£10%, 1/2W AB

Reference

Symbol

R6

R7, R35,
R11, R20

R8
R33, R34
R10

R12, R15,
R16, R19

R13, R14, R17,
R18, R41, R44

R21, R26

R22, R27
R23, R28
R24, R29
R32
R40

S1

XF1

X11

XV1, XV2

V1
V2
V3, V4
V5, V6

XD1, XV3,
XV4, Xv7

XV5, XV6

Description

Resistor; 68K +10%, 1/2W AB
Resistor; 47K 110%, 1/2W AB

Resistor; 470K 110%, 1/2W AB
Resistor; 100K +10%, 1/2W AB
Resistor; 30K 110%, 1/2W AB
Resistor; 4700 £10%, 1/2W AB

Resistor; 47 $10%, 2W, AB

Resistor; 2.2 meg 10%, 1/2W
AB

Resistor; 1500 110%, 1/2W AB
Resistor; 470K *10%, 1/2W AB
Resistor; 180K *10%, 1W AB

Resistor; 22 meg 110%, 1/2W
AB

Resistor; 10 meg £10% 1/2W AB

Switch, Push Button, Sub-
miniature, Micro switch, Cat

#2PB7
Fus'é Holder Buss #HKP

Lamp Base; Dialco #137-7236-
937

Socket; Tube, 9 Pin Min. Eby
#9714-21

Electron tube; type 12AX7
Electron tube; type 6U8
Electron tube; type 6528

Electron tube; type 6AU6

Socket;
#9751-3

Tube; Octal Eby

Socket; Tube, 7 Pin Min. Eby
#0735-11
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Figure 5. Reference and Check Amplifier Network 12.098.



RELAY POWER SUPPLY 10.002

Schematic BO10 002 0S
Figure 1

1. GENERAL
The Power Supply 10.002 (fig. 1) delivers 90

volts d-c at 4 amperes and is used primarily for
operating relays in the computer.

2. TECHNICAL DATA

Front Panel

Height 5 inches

Width 9-1/2 inches
Chassis

Height 4-3/4 inches

Width 7-15/16 inches

Depth 14-5/8 inches

Weight of Unit

37 pounds

Power Input

115 volts 60 cps; less than 8 amperes
maximum.

Power Output
90 volts at 4 amperes maximum

Controls and Indicators

Front panel ON-OFF switch with
pilot lamp.

3. CIRCUIT DESCRIPTION

The complete circuit consists of the Sola con-
stant voltage transformer, the full-wave silicon
diode rectifier and filter. The transformer con-
tains three windings: The primary; a resonant
winding (the lower secondary winding on the
diagram with two taps); and a compensating
winding (the upper secondary on the schematic).
When an alternating current flows in the primary,
the magnetic flux induces a voltage in the tuned
secondary (tuned by the 6 MF capacitor). When
the flux density of the core increases to the
point at which the inductive reactance of the
winding equals the capacitive reactance of the
capacitor—atthe frequency ofthe exciting voltage—
the circuit becomes resonant and the voltage
across it rises quickly to a stable, predetermined
value. This, in effect, increases the flux density
of that part of the core on which the resonant
winding is wound. Further changes in flux pro-
duced by line voltage changes in the primary

cause only small variations in voltage across the
resonant circuit. The upper secondary shown
(compensating winding) is used to compensate for
these small variations.

Output is taken from a tap on the resonant wind-
ing. The compensating winding is connected in
series with the output, and opposed to it. This
winding is so proportioned that the voltage change
induced in it by a given change in primary volt-
age is about equal to the change in the output.
Therefore, the output voltage remains constant
regardless of changes in the primary. Output is
constant within 1% with line voltage variations

of £15%.

The current limiting properties of the constant
voltage transformer allow the use of a high
capacity filter with the silicon diode bridge
rectifier, eliminating the need for a choke. The
transformer limits the current supplied to the
large filter capacitor and will not allow the
capacitor to draw more than the rated output
through the rectifiers. When the supply is initially
energized, the capacitor is charged slowly with-
out a surge.

4. PARTS LIST

Reference

Symbol

Description

Rectifier Stack, Germanium,

full wave GE #4JA211BB1AH3

Capacitor; fixed, electrolytic,
5000 mfd 100V dc Sola #9890-
5

Resistor; fixed»‘, WW 5000 ohms
110%, 20 W Ohmite ‘‘Brown

Devil”?

Transformer; power, constant
voltage, with matched 6 mfd
660V ac capacitor, PRI = 100
~130V 60 cps, SEC (output
after rect. and filter) = 90V dc
4A, Sola P/O #28734 power
supply (special)

Lamp, indicator, Neon NE 51

Fuse, 8 amp 32V Littelfuse
type 3AG #31108



RELAY POWER SUPPLY 10.002

Figure 1. Relay Power Supply 10.002.



TWENTY-FIVE VOLT POWER SUPPLY 10.008

Schematic BO10 008 0S
Figure 1

1. CIRCUIT DESCRIPTION

In the circuit of figure 2 the grid of V1 is biased
by the drop across R1, the collector load resistor.
Input is applied between base and emitter; output
is taken between collector and emitter. The emit-
ter is the common element making this a ‘‘common
emitter’’ circuit.

The emitter is maintained at a constant value of
3 volts positive by the voltage divider R2, R3.
Due to thehigh collector voltage supply (90 volts),
the diode is forced to conduct in the reverse
direction. The base of Q1 is biased by the po-
tential difference between the arm of R5 and the
emitter, and controls’the current flow through the
transistor. Since Q1 is an NPN type, the more
positive the base becomes, the greater will be
the collector current. The collector current con-
trols the bias on the grid of V1 because of the
drop across R1. Therefore the setting of R5
establishes the normal resistance of V1. This
adjustment is used to set the value of load volt-
age which the regulator is to maintain.

Assume that R5 is adjusted for an output of 25
volts. Then, if the load on the supply is suddenly
reduced, the output voltage (instantaneous) will
rise; the voltage at the top of R5 rises making
the base of Q1 more positive. Collector current
increases. This current flows from ground up
through the R3 to the emitter, across the emitter
and collector barriers (by hole conduction) to
the collector, and through R1 to +90 volts. The
voltage drop across R1 increases, making the
lower end less positive. This less positive volt-
age applied to the grid of VI increases the in-
ternal resistance of the tube, which is in series
with the external load. Thus, the voltage drop
across the tube increases and the output voltage
of the supply is lowered.

2. PARTS LIST

Reference

Symbol Description

01 Transistor, GE, type 2N167

R1 Resistor; fixed, comp., 470K
110%, 1/2W AB

R6 Resistor, fixed, comp. 8.2K
110%, 1/2W AB

R4 Resistor; fixed, comp., 82K

110%, 1/2W AB

Figure 1. Twenty-Five Volt Power Supply 10.008.



TWENTY-FIVE VOLT POWER SUPPLY 10.008

Reference Reference
Symbol Description Symbol Description
R2 Resistor; fixed, comp., 300K R5 Resistor; variable,  comp.,
5%, 1W AB AB-JU1031
V1, V2 Tube; Electron, type 6336
R3 Resistor; fixed, comp., 3300 X0Q1 Socket, Transistor, (Flat
110%, 1W AB Saddle) Elco #3301
R7 Resistor; fixed, W/W 250 15%, XV1, XV2 Socket, Tube Octal, Eby
10W WL #9751-3

/’+\\
/ ; \
! |
1 Liv
Lyt r
O I
+90V \'l/ 9 L O +25V AT 1AMP
RI R4
470K §82K
Ql
2NI167 RS R7
)/{ 10K 250
R6
8.2K
R2 R3
300K 3300
O AAVAY —— NN\ O t6nD —0- -O RELAY GND

Figure 2. Power Supply 10.008, Simplified Schematic.



VIBRATOR DRIVE UNIT 21.004

1. GENERAL

The Vibrator Drive Unit 21.004 (fig. 1) generates
a 94 cycle sinusiodal output voltage used todrive
the synchronous converters in the computer. The
frequency can be decreased in two one CPS steps,
or increased in two steps of one CPS. The unit,
mounted on a plug-in U shaped chassis, is de-
signed to function by taking power from either
the +300 or —300 volt supply so that power sup-
ply loading can be equalized. When a choice is
made, power input connections are accomplished
according to paragraph 2 below.

In the Electronic Associates Computer Model
231R, the =300 volt supply is used for the princi-
ple power source.

2. TECHNICAL DATA

Front Panel

Height 2-15/16 inches

Width 9-7/16 inches
Chassis

Height 2-3/4 inches

Width 8 inches

Deptheeeeeeeeeoeee.. 14-5/8 inches

Weight of Unit

9 pounds

Tube Complement

3each -  12AU7
2 each — 6550

Power Input Connections—

Using +300 Volt Supply

Terminal

Number Function
Pl-1 +390V at 200 ma.
P1-2 - 300V at 2 ma.
P1-4 +GND
Pl-5 6.3V (fgnd) 4.1 Amps
P1-6 No connection
P1-7 6.3V (fgnd) 4.1 Amps.
P1-8 +300V at 40 ma.
P1-9
P1-11 } Jumper Externally

Using ~300 Volt Supply

Terminal
Number Function
Pl-1 +90V at 200 ma.
Pl-2 No comnection
Pl-4 -300V at 40 ma.
P1-5 6.3V (~300V), 4.1 Amps
Pl-6 ~500V at 2 ma.
P1-7 6.3V (~300V), 4.1 Amps
P1-8 *GND
Output

94 cycles-per-second, center fre-
quency. Two outputs are availablée:
One (high impedance) is variable from
zero to about 22 volts for driving
Leeds and Northrup Synchronous
Converters or similar units; the
second output (low impedance) is
variable from zero to about 10 volts,
normally used to drive converters with
6.3 volt coils.

Power output is 50 watts for either
low or high impedance connection;
the L and N Converters require about
20 ma. each so the umit will drive
100 or more of these. The 6.3 volt
converters require 60 ma. each and
about the same number can be operated
from the low impedance connection.

Controls

FREQUENCY
Selector switch, five positions. Per-
mits adjustment of output frequency
in 1 cps step.

AMPLITUDE
Permits adjustment of output from
zero to 6.3 volts. Should be set at
6 volts vms.

BIAS
Screwdriver adjustment on chassis.
Allows adjustment of grid bias of
push-pull output tubes to —40 volts.
(Factory adjusted to this value.)

BALANCE
Screwdriver adjustment on chassis.
Allows the cathode current of the
two output tubes to be equalized.
(Factory adjusted for balanced
output.)




VIBRATOR DRIVE UNIT 21.004

Figure 1. Vibrator Drive Unit 21.004.



VIBRATOR DRIVE UNIT 21.004

Unit Terminations

All connections to the unit are made
through plug Pl. Connections to the
mating jack can be made according to
either of two schedules, depending
upon whether the output is to be
operated at d-c ground potential or at
—300 volts. The following table lists
the connections for each of the two
options. The reason for providing a
choice of two methods of connection
is to make possible an equitable dis-
tribution of load between the plus and
minus 300 volt supplies ‘in a large

system.
Terminal
Number Output at + Ground Potential
Pl-1 +450 volts at 200 ma.
P1-2 —300 volts at 2 ma.
Pl-4 *GND
P1-5 6.3V a-c (1 ground)
Pl-6 No connection
P1-7 ’ 6.3V a-c (£ Ground)
P1-8 +300 volts at 40 ma.

Also jumper plus 9 and 11, externally

Terminal
Number Output at =300 Volt Potential
Pl-1 +150 volts at 200 ma.
P1-2 No connection
Pl-4 —300 volts at 40 ma.
P1-5 6.3 volts a-c (~300V)
Pl-6 ~500 volts at 2 ma.
P1-7 6.3 volts a-c (~300V)
P1-8 + ground

3. CIRCUIT DESCRIPTION

Refer to drawings D021 004 0S, the schematic
diagram of the Vibrator Drive Unit. Vla is con-
nected as a Hartley oscillator with output taken
from the grid circuit. The tapped coil 1.1 is tuned
by fixed capacitors Cl and C2, with added capacity
connected inparallel when necessary, by the FRE-
QUENCY switch. At the time of manufacture, this
switch is placed in the center position (#3) and the
value of C2is selected so that the center frequency
is 94 ¢ps 12 cps. C3, C4, C5, and C6 are so pro-
portioned that the frequency is changed 1 cps for
each step of the switch. V2a is a voltage ampli-
fier and V2b is connected as a phase splitter to
drive the grids of V3 in push-pull. V4 and V5
operate in push-pull with the primary of T1 as the
plate-to-plate load impedance. R24 serves as

cathode resistor for both tubes; the tap is ad-
justed to balance the current through the two
tubes. This is the BALANCE control, a screw-
driver adjustment on the chassis; it is set
at the factory during final test of the equipment.
Should it be necessary to check the balance of
the output tubes, one of several methods can be
employed. An oscilloscope can be used to view
the wave forms at the plates; or a VTVM can be
connected between the plates, and the a-c scale
used to read the voltage while the BALANCE
control is adjusted for a null. If the latter method
is used caution should be exercised if the VTVM
is the type in which the common lead is connected
to the case. If it is, the case would be above
ground potential by 450 volts d-c.

Negative feedback is used between the secondary
of the output transformer and the cathode of V2a.
Capacitor C14 is used for the d-c blocking when
the output is operated at —300 volt d-c potential.
Its reactance at 94 cycles is negligible in this
circuit. ‘

4. PARTS LIST

Reference

Symbol

Description

XV1, XV2, XV3  Tube Socket; Noval Elco #169BC

XV4, XV5 Tube Socket; Octal Elco #335

R1, R4 Resistor; 1.0 MEG +10% 1/2W

R3 Resistor; 100K +10% 1/2W

R5 Resistor; 470 £10% 1W

Re6, R12, R15 Resistor; 47K $10% 1W

R7, R8 Resistor; 22K $10% 1W

R9, R10 Resistor; 470K £10% 1/2W

R11 Resistor; 470 +10% 1W

R13, R14 Resistor; 220 #0% 1/2W

R16 Resistor; 5100 £5% 1W

R21 Resistor; 150K *5% 2W AB

R22 Resistor; Var Comp. 5000
#JLU5 021 AB

R23 Resistor; 2K +5% 2W AB

R25, R26 Resistor; 100 +10% 1W

R19, R20 Resistor; 47K £10% 1/2W



VIBRATOR DRIVE UNIT 21.004

Reference

Symbol

R28

R27

V1, V2, V3
V4, V5
XF1

Cl1
C3
C4

Cs

Ce, C7, C8,
Go

C10, C11,
C12, C13

Description

Resistor; 100K +5% 2W

Resistor; 2.2 Meg 1/2W +10%
Electron Tube; Type 12AU7
Electron Tube; Type 6550
Fuse Holder; Buss #HKP

Capacitor; 0.1 mfd CP65B1EF
104K (EAI 520 023 0)

Capacitor; 2200 mmfd CM30B
222K (EAI 519 040 0)

Capacitor; 4700 mmfd CM35B
472K (EAI 519 047 0)

Capacitor; 6800 mmfd CM35B
682K (EAI 519 049 0)

Capacitor; 0.01 mfd, 400V,
Aerovox type P88N

Capacitor; 0.1 mfd, 400V,
Aerovox type P88N

Reference

Symbol

C14

Cle6

F1

L1

P1

R2

R24

R28
S1
T1

Description

Capacitor; 20 mfd, 450V Sprague
#TVA-1709

Capacitor; 1000 mmfd Erie
#GP2L-102

Fuse; 1/4 amp Littelfuse #313.
250

Choke; Freed #1860 EAI
610 002 0

Connector; receptacle, Cannon

-#DPD-A15-34P-1L

Resistor; variable,  comp.,

500K #JL.U5041

Resistor; variable comp., 50

#JLU5001AB
Resistor; 100K *5%, 2W AB
Switch; Centralab #PA-2002

Transformer; Audio output; EAI
part/dwg. #B3M50C1



DUAL OVERLOAD ALARM 13.00.1

Figure 1
Schematic D013 001 0S
Wiring D013 001 OW

1. CIRCUIT DESCRIPTION
The Dual Channel Overload Alarm 13.001 (fig. 1)

provides visual and audible signals when an over-
load occurs in any servo or operational amplifier.
Two lamps on the Overload Indicator 20.024
supply visual indication; the upper lamp lights
when any amplifier overloads, and the bottom lamp
warns of a servo overload. A speaker provides
the audible warning.

In addition to the overload indicators, circuits
are provided that automatically switch the com-
puter control circuits to the Hold mode in the
event of an overload.

The Dual Overload Alarm is composed of two
channels of voltage amplification and an audio
oscillator. The two voltage amplifiers are identical
so that a description of one will suffice. Figure 2
is a simplified schematic of one channel, com-

posed of Bl and B3a.

Vla and V1b comprise a two-stage voltage ampli-
fier. The signal applied to the input terminal A
is a square wave from the stabilizer of an over-
loaded amplifier. When the amplitude of this sig-
nal exceeds four millivolts, the output of the
voltage amplifier is sufficient to drive the grid of
V3a positivenearly to zero. K1 and R10 constitute
a plate load for V3a of about 13,000 ohms. When
the grid reaches —1 volt the tube current pulls in
the relay. The grid is returned to a point on volt-
age divider R8 and R9 which is at a potential of
~13 volts. The biased diode CR2 prevents the
grid from going below -13 volts, and in com-
bination with R7 and C3, assures an essentially
positive d-c voltage added to the =13V bias when
a signal is applied. C4 provides negative feedback
to the grid circuit so that the tube is stable and
the relays do not chatter.

V4 is a modified Hartley oscillator with T1 and
C12 as the resonant circuit. A loudspeaker is con-
nected across the secondary of T1. The frequency
of oscillation is dependent partly on the time
constant in the feedback circuit, C10, R24, and
R25. R24 is adjustable and functions as a tone
control.

With no fixed bias applied to the grid of V4, this
stage oscillates, supplying an audible tone.
Normally K1 and K2 are de-energized and apply
-300 volts applied through R23 to'the junction of

R24 and R25 in the oscillator grid circuit. This
voltage cuts the tube off, and the oscillation is
stopped. When channel A receives an overload
signal, K1 drops out, removing the fixed bias
from the oscillator, and permitting this stage to
generate the alarm tone. If the overload signal is
applied to channel two, K2 performs the same
function.

Contacts 3 and 4 of K1 and K2 function to apply
relay voltage through the AUTO HOLD switch to
the Hold circuits in the Mode Control Relays.
This provides the automatic hold feature.

Visual indication is provided by the AMPL and
SERVO lamps on the Overload Indicator Panel.
These lamps are energized by a source of 6.3
volts through contacts 9 and 10 of K1 and K2.

Switch Position Operation

AMPL ONLY Any amplifier or servo that over-
load causes the alarm to sound
the lamps to glow. Only an
amplifier overload switches the
computer to the Hold mode. When
the overload is corrected, the
alarm stops and the indicators
are extinguished. The computer
remains in the Hold mode until
another button on the Mode
Control panel is depressed.

OFF Audible and visual alarm function
without the automatic hold
feature.

AMPL & SERVOS Same as AMPL ONLY position
except that overloaded servos as
well as amplifiers switch the
computer to the Hold mode.

2. PARTS LIST

Reference
Symbol Description

K1, K2 Relay; Magnecraft #11HPX24

LS1 Speaker; Perm Mag Oxford
#2CMS

R10, R22 Resistor; fixed, comp., 6800
110%, 1W Allen Bradley GB

R24  Resistor; variable comp., 100K
Allen Bradley JU1041 -SD3040

R27 Resistor; variable WW, 10 ohms

Mallory #M10P



DUAL OVERLOAD ALARM 13.001

Reference

Symbol
T1
C1, C2, C5,
cé
C3, C7

CR1, CR2
R1, R13

R2, R5,
R14, R17
C4, C8

C9

C10, C12

C11

R3, RY,
R15, R21

Description

Transformer, overload alarm

EAI #B16M13A3

Capacitor; fixed, paper 0.01
mfd 400V Aerovox P82Z

Capacitor; fixed, ceramic 1000
1100 mmfd 500V

Diode; Germanium type #1N34A

Resistor; 100 $10% 1/2W Allen
- Bradley

Resistor; 470K +10%, 1/2W
Allen Bradley

Capacitor; Midget, Tubular
Type 68P 600V Sprague
#68P36 0.1 MFD

Capacitor; Phenolic-Cased,
0.022 Mfd 600V Cornell
Dubilier #BC-6S227

Ceramic, Insulated Erie # GP2M
4700 £ 940MMFD 500V

Capacitor; Electrolytic, 20 MFD
400V Cornell Dubilier "Blue
Beaver" Type #BR -2045

Resistor; 2.2 meg *10%, 1/2W
Allen Bradley

Reference

Symbol
R4, R16
R7, R19
R8, R20
R11, R12
R23

R25

R26

V1, V2
V3

V4
XK1, XK2

XV1, XV2,
XV3, XV4

Description

Resistor; 2200 £10%, 1/2W
Allen Bradley

Resistor; 1.0 meg $10%, 1/2W
Allen Bradley

Resistor; 100K $10%, 1/2W
Allen Bradley

Resistor; 56K $10%, 2W Allen
Bradley

Resistor; 27K 110%, 1/2 Allen
Bradley

Resistor; 47K £10%, 1/2W
Allen Bradley

Resistor; 1000 #10%, 2W Allen
Bradley

Tube; electron type #12AX7

Tube; electron type #12AT7

Tube; electron type #6CG7

Socket; Tube; 11 pin Amphenol
#77-MIP-11T

Socket; Printed Circuit; Single
sided 9 pin min; Methode
#PS-161



DUAL OVERLOAD ALARM 13.001

Figure 1. Dual Overload Alarm 13.001.
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Figure 2. Dual Channel Overload Alarm,

Simplified Schematic.




