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OPERATING AND SERVICING MANUAL

FOR

MODEL 212A

PULSE GENERATOR

Serials Prefixed: 419—

Copyright HEWLETT-PACKARD COMPANY 1954
275 PAGE MILL ROAD, PALO ALTO, CALIFORNIA, U,S.A.



SPECIFICATIONS

PULSE LENGTH:
PULSE AMPLITUDE:
PULSE POLARITY:

AMPLITUDE CONTROL:

PULSE SHAPE:

JITTER:

INTERNAL IMPEDANCE:

REPETITION RATE:

SYNC IN:

SYNC OUT:

PULSE POSITION:

CONNECTORS:

POWER SUPPLY:

DIMENSIONS:

WEIGHT:

ACCESSORIES AVAILABLE:

At least 0.07 to 10 microseconds, continuously variable.
At least 50 volts peak into 50 ohm load (50 watts peak.).
Positive or Negative.

(a) 50 db attenuator, variable in 10 db steps.
(b) Continuously variable control with range of at least 10 db.

(a) Rise and decay time approximately 0. 02 microseconds
(10% to 90%).

(b) Crest variation less than 5% of average peak amplitude,

Less than 0.01 microseconds.

50 ohms or less on either pulse polarity.

(a) Internal synchronization, 50 to 5, 000 pps.
(b) External synchronization,x2 to 5, 000 pps.

Positive or negative, 5 volts peak minimum.

(a) 25 volts positive or 15 volts negative into 2, 000 ohm load.

(b) Duration, approximately 1 microsecond at half voltage points,

(c) Rise time, approximately 0, 25 microseconds,

(a) Delay, 0 to 100 microseconds after sync out pulse with
repetition rate up to 2500 pps.

(b) Delay, 0 to 50 microseconds after sync out pulse with
repetition rate up to 5000 pps.

(c) Advance, 0 to 10 microseconds after sync out pulse with
repetition rate up to 5000 pps.

(a) Main pulse, Type N.
(b) Sync in, sync out, Type BNC.

115/230 volts *10%, 50/60 cps, 380 watts maximum.

Cabinet Mount: 20-3/4'" wide, 12-3/4" high, 14-3/16" deep.
Rack Mount: 19" wide, 10-1/2'" high, 14-3/4" deep.

Cabinet Mount: 56 lbs., shipping weight approximately 76 lbs.
Rack Mount; 50 lbs., shipping weight approximately 73 lbs,

@ AC-16F Cable Assembly, Type N Male to Type N Male
Fittings.
AC-16K Cable Assembly, BNC to BNC.
#17 End Frames, with handles for bench use, (for 212AR
Rack Mount).
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SECTION I

GENERAL DESCRIPTION

GENERAL

The Model 212A Pulse Generator is a fundamental measuring instru-
ment for determining the action of circuits under conditions of rapid
change.

The pulse produced by this instrument has a short time of rise -and
decay with a flat top and minimum of overshoot. Kither positive or
negative pulses are available and the pulse shape is independent of
the repetition rate, connected load, sync condition, supply voltages,
and output attenuator setting. The pulse length is continuously vari-
able from ., 07 to 10 microseconds.

This instrument is applicable to the testing of radar systems, nuclear
counting circuits, television systems, response of video amplifiers,
filters and band pass circuits and pulse modulation of UHF signal
generators.

ACCESSORY CABLES

AC-16K: RG-58/U 50 ohm coaxial cable terminated each end with UG -
88/U Type BNC male connector. Overall length 48",

AC-16B: RG-58/U 50 ohm coaxial cable terminated on one end with
UG-88/U Type BNC male connector and dual banana plug (3/4" center)
on the other end. Overall length 45",

AC-16D: RG-58/U coaxial cable terminated one end only with UG-88/
U Type BNC male connector. Overall length 44",

AC-16C: RG-9A/U 50 ohm coaxial cable terminated one end with UG-
21B/U Type N male connector and UG-23B/U Type N female connec-
tor at other end. Overall length 72",

AC-16F: RG-9A/U 50 ohm coaxial cable terminated on each end with
UG-21B/U Type N male connectors. Overall length 72'".
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SECTION II

OPERATING INSTRUCTIONS

INSPECTION

Refer to the Warranty sheet in this manual,

CONTROLS AND TERMINALS

PULSE OUT
This terminal is a Type N jack located at the lower right corner of the

front panel. It is the output connection for the main pulse.

SYNC OUT

This terminal is a BNC terminal on the lower right side of the panel.
This terminal provides a voltage to synchronize an oscilloscope or
other device for use with the Pulse Generator,

+, —
This toggle switch, on the panel above the SYNC OUT terminal, con-
trols the polarity of the synchronizing voltage fed to the SYNC OUT

terminal,

SYNC IN
The SYNC IN terminal is'a BNC connector on the lower left side of
the panel., A voltage can be fed into this terminal to trigger the pulse

generating circuit.

SYNC SELECTOR

The SYNC SELECTOR knob selects two ranges of internally generated
pulse rates, and also selects necessary circuitry for external syn-
chronization from either positive or negative externally generated

sync pulses,

PULSE POSITION

The PULSE POSITION control adjusts the timing between the MAIN
PULSE OUTPUT and the SYNC OUTPUT pulse. Its main use is to
position the main pulse on an oscilloscope screen when the oscil-
loscope has been synchronized with the SYNC OUT pulse.

PULSE RATE

The PULSE RATE control, located on the upper left hand side of the
panel, adjusts the repetition rates of the pulse from 50 to 5000 cycles
per second in conjunction with the X1 and X10 position of the SYNC
SELECTOR switch.
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PULSE WIDTH
The PULSE WIDTH control is the large dial at the center of the panel
and controls the width of the MAIN OUTPUT pulse.

AMPLITUDE
The AMPLITUDE control gives a continuous variation of the MAIN OUT-

PUT pulse.

ATTENUATION
The ATTENUATION control, located on the right hand side of the panel,

provides attenuation of the Main pulse in 10 db steps so that low levels
of pulse output can be obtained.

POLARITY
The POLARITY control at the lower right hand side of the panel switches

the polarity of the MAIN OUTPUT pulse from positive to negative,

FUSE

The fuseholder, on the panel next to the POWER ON switch, contains a
4 ampere cartridge fuse., A 2 ampere fuse should be used when the
power transformer is connected for 230V operation. The fuse may be
replaced by unscrewing the fuseholder cap and inserting a new fuse.

AUTOMATIC OVERLOAD RELAY PROTECTION

An overload relay is incorporated in the instrument to protect the @45B
thyratron if, for any reason, continuous plate current conduction occurs.
Operation of the relay is indicated by a buzzing sound. If this occurs
when the instrument is first turned on, it may indicate that there is in-
sufficient warm-up and turning the SYNC SELECTOR to the + or — po-
sition without any external triggering for two or three minutes should
then place the instrument in normal operating condition.

OPERATION

The Model 212A Pulse Generator is operated as follows:

1. Plug the power cable into a nominal 115V, 50 to 60 cycles power
line and turn on the toggle switch. (The pilot lamp should light
when the switch is on.)

2., Allow several minutes for the instrument to warm up with the SYNC
SELECTOR in the + or — position and with no sync in. Although the
unit can be used after 2 or 3 minutes of warm up, it is desirable to
allow about ten minutes warm up time if possible,

3. Connect the equipment t¢ be driven to the PULSE OUT terminal.
This connection should be made, if possible, through a nominal

2-2




50 ohm cable,

NOTE

The output circuit of the Model 212A is terminated with ap-
proximately 50 ohms so termination of the output cable with
50 ohms is not absolutely necessary for many measurements.
If the overall system is sensitive to frequencies on the order
of 20 to 30 megacycles, the output cable should be termin-
ated in a non-inductive 50 ohm load to prevent reflections
from the load which may cause ringing. This is especially
true when the ATTENUATION and OUTPUT controls are

set for full output. Under these conditions the Model 212A
OUTPUT source impedence is less than 50 ohms thus result-
ing in an imperfect output cable termination at the source end.

The SYNC OUT terminal may be connected to the synchronizing ter-
minals on an oscilloscope and the polarity of the SYNC OUT signal may
be switched to select the best performance. The SYNC SELECTOR
should be set to either the X1 or the X10 position, and the PULSE RATE
dial set to the desired repetition rate. The PULSE WIDTH dial may

then be set to select the pulse width desired and the PULSE POSITION
control is then adjusted until the pulse appears at the desired position

on the oscilloscope screen. The amplitude of the pulse can be adjusted
by means of the AMPLITUDE CONTROL and the OUTPUT ATTENUATOR

to give the desired output level.

CAUTION

Do not set the PULSE POSITION delay to greater
than 50 microseconds when a repetition rate of
5000 cps is used. Maximum delay of 100 micro-
seconds may be used for repetition rates up to
2500 cps. Above 2500 cps the maximum delay
must be decreased as the repetition rate is in-
creased so as not to overload the tubes in the pulse
position circuit.

WAVESHAPE OF OUTPUT PULSE

The output pulse from the Model 212A has extremely good waveshape
and, in general, the waveshape is quite independent of the load and the
operating conditions of the Pulse Generator. However, when the gen-
erator is operated at zero attenuation, with a length of cable between
the generator and an unterminated load, reflections may occur due to
the internal impedance of the generator being less than 50 ohms. This
condition may be corrected by properly terminating the cable. As the
attenuation is increased, the internal impedance approaches 50 ohms.
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The waveshape is best with the AMPLITUDE control set to provide a-
bout 50 volts of output. As the amplitude is reduced with the AMPLITUDE
control, the waveshape deteriorates slightly and, if the best waveshape

is desired, it is preferable to reduce the output level with the attenuator
and operate the AMPLITUDE control as close to the 50 volts position

as possible.

The AMPLITUDE control is not calibrated, but, with no attenuation in
the circuit, there will be at least 50 volts peak available from the out-
put terminals into a 50 ohm load. On most units, the maximum position
of the AMPLITUDE control will give appreciably more than 50 volts out-
put. Unless this additional output is absolutely necessary, it is desirable
to operate the unit with the AMPLITUDE control slightly below the max-
imum position. In some cases the pulse output waveshape will show a
little deterioration with the AMPLITUDE control at full maximum,

POSITIVE AND NEGATIVE PULSE OUTPUT LEVELS

The positive and negative pulse outputs are adjusted to be approximately
equal and either can be selected by means of the switch on the front
panel. These outputs, however, cannot be expected to have exactly the
same value and it is normal that there will be a little difference in am-
plitude between the positive and negative output position.

OPERATION OF PULSE LENGTH AND PULSE RATE CONTROLS

The pulse length is adjustable from less than ., 07 of a microsecond to

10 microseconds. This continuously adjustable feature in the Model 212A
is convenient for a great many applications and is one of the useful fea-
tures of this instrument. The generation of these very short, continuously
adjustable pulses involves a differential operation whereby the difference
between two larger time periods is used to control the actual time of the
output pulse duration.

With this excellent flexibility in the control of the pulse output, there is

a little sacrifice in absolute accuracy. In general the pulse length control
can be expected to be correct within #10 percent except for very short
pulse lengths where considerably more variation in the length may be ob-
tained from time to time. Where accurate pulse lengths are necessary,
it is desirable to use some sort of an auxiliary calibrating means to set
the pulse length to the correct value. One of the main causes of varia-
tion in the pulse length is the variation in the characteristics of the hy-
drogen thyratron tubes used in the equipment. As tubes are changed in
the equipment, some change in pulse length will be obtained, and also
there may be some change in the pulse length calibration as the tubes

age over a period of time. Controls are provided on the chassis just
behind the main pulse dial so that the pulse length calibration can be reset
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from time to time if necessary., See Section IV, Maintenance, regarding
the adjustment of these controls.

The length of the main pulse is essentially independent of the other controls
except that the pulse length will tend to change slightly as the repetition
rate is changed especially above repetition rates of 1 kc.

The internal repetition rate generator is a multivibrator adjustable over
the range from 50 to 5000 cycles/sec. Calibration of this control should,
in general, hold within #25%, but when accurate repetition rates are desired,
it is preferable to use an external oscillator to drive the pulse generator.
The Model 212A can be synchronized from external pulses having at least a
5 volt amplitufle and a rise time in the order of a microsecond or two. If

it is desired to synchronize from a sine wave source, it is necessary to
use a wave shaper of some sort to increase the rise time of the synchroniz-
ing voltage. The unit synchronizes very well from an (p Model 211A

Square Wave Generator. Another typical waveshaper which may be used
for a sine wave input is shown in Figure 2-1.

It is important that the Model 212A not be driven at a pulse rate in excess
of 5000 cycles/sec. Performance at this end of the range is limited mainly
by the duty cycle of the thyratrons. There is practically no limit to the re-
petition rate at the low frequency end provided the synchronizing pulses
have a time-of-rise in the order of one or two microseconds.

Since the unit is limited by duty cycle at high repetition rates and long pulse
widths, there is a tendency for the amplitude to be affected by repetition
rates especially when the repetition rate is above 1000 cycles/sec and when
the pulse width is at the maximum value. However, compensating circuits
have been incorporated in the unit to minimize these amplitude variations
and for most purposes they are not serious.

OPERATION OF PULSE POSITION CONTROL

The PULSE POSITION control is designed to adjust the main pulse timing
around the SYNC OUT timing. This control will set the main pulse ahead

of the sync out by approximately 10 microseconds or after the sync out by
approximately 100 microseconds. This control is not calibrated as its main
use is to position the main pulse on an oscilloscope screen. This pulse
position will tend to be affected to some extent by the pulse rate. This con-
dition is normal and should cause no serious difficulty under normal operat-
ing conditions. See important precaution given at the end of paragraph 2-4,
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SECTION III

CIRCUIT DESCRIPTION

GENERAL

The Model 212A Pulse Generator consists of three basic parts, the
triggering circuits which are located in the front deck, the main pulse
generating circuits, and the power supply which are located in the
rear deck, The block diagram of the triggering and main pulse gen-
erating circuits are shown in Figure 3-1. All of the triggering cir-
cuits are located to the left of the thyratrons V6 and V16. This block
diagram and the schematic wiring diagram will both be referred to in
the following circuit description.

REP, RATE MV

This section of the circuit consists of an amplifier, phase inverter, and
a multivibrator. The amplifier tube V103A and the phase inverter tube
V103B in conjunction with switch S102A are used to deliver a negative
pulse to the input of the multivibrator.

The repetition rate multivibrator consists of tube V104AB and may be
operated either free running or triggered by an external pulse. In the
free running condition it generates pulses at the repetition rate of 50~
5000 pulses per second or in the externally synchronized condition it
may be externally triggered up to 5000 pulses per second.

When the multivibrator is externally synchronized, it is biased so
that it generates a pulse only when triggered by the external pulse,

The pulses generated by this multivibrator are supplied to the delay
multivibrator and the pulse position multivibrator.

DELAY MV AND BLOCKING OSCILLATOR

Tube V101lAB is employed as a '""one shot'" multivibrator., The pulse
from the repetition rate multivibrator triggers the delay multivibrator
to produce a positive 15 microsecond pulse which is inverted by V102A.
The trailing edge of the 15 microsecond pulse then triggers the block-
ing oscillator.

The blocking oscillator tube V102B forms the sync out pulse which is
supplied to the sync out terminals of the instrument through a polarity
reversing switch.
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The pulse position multivibrator tube V105AB is also a one shot multivi-
brator which is triggered by the pulse from the repetition rate multivi-
brator. A positive pulse 2 to 112 microseconds in length is produced by
this multivibrator. The duration of this pulse is controlled by the vari-
able resistor R132,

The blocking oscillator tube V106B forms the pulse which is supplied to
the pulse length multivibrator and the delay line. Following the block-
ing oscillator is a cathode follower tube V107B which couples the block-
ing oscillator to the delay line. In series with the grid of this tube is a
crystal rectifier CR104 and a resistor R152 which prevent reflections
from the delay line being fed to the blocking oscillator circuit due to the
cathode to grid capacity of V107B.

PULSE FORMING THYRATRON V6

Tube V2, which is normally connected as a diode, and the charging choke
L2 are used to charge the pulse forming line so that plate voltage is ap~-
plied to the pulse forming thyratron V6. If for any reason the thyratron
draws excessive current, then the relay REL-1 applies a large negative
voltage to the grid of the tube V2 thereby stopping the flow of current to Vé.

When the pulse forming line is charged, a pulse from the blocking oscil-
lator and delay line will trigger the thyratron tube. Once the thyratron
tube is fired, it will continue to carry current, irrespective of the grid
voltage, until the conduction is quenched by means of the pulse forming
line. The pulse forming line causes the plate voltage to fall to zero after
10 microseconds due to a reverse polarity transient which travels down to
the open end of the line and is reflected back to the starting point, This
action limits the tube conduction and forms a 10 microsecond pulse across
the cathode resistor R13.

The damping diode tube V3 is used to damp out any negative overshoots.

PULSE LENGTH MV AND BLOCKING OSCILLATOR

The positive pulse from the blocking oscillator V106B is inverted by tube
V107A. The negative pulse from V107A triggers the pulse length multivi-
brator consisting of V108A and V108B. The pulse length is varied by the
PULSE LENGTH control (R142).

The trailing edge of the negative pulse from the multivibrator triggers the
blocking oscillator V109A. The output of the blocking oscillator is passed
on to the thyratron V16 through the cathode follower tube V109B.
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PULSE TERMINATING THYRATRON V16

The pulse from tube V109B triggers the pulse terminating thyratron V16.
When fired, this thyratron in conjunction with the discharge diode V8
presents a very low impedance to the pulse from the pulse forming thy-
ratron V6 and causes a rapid fall of the pulse to form the trailing edge.

Additional direct current voltage is supplied to V16 by means of R28 and
allows the pulse terminating thyratron to fire when the pulse length is
set to a very low value., Tube V8 in conjunction with R10 and C24 allows
the thyratron V16 to be extinguished at the end of the pulse cycle.

CLIPPER CIRCUITS

The pulse from the thyratron is sent through a series of three diode clip-
pers and then to the output amplifier tube V11, Tube V7 is the first diode
clipper. Tube V9 is the second and third diode clipper.

OUTPUT AMPLIFIER

The output amplifier tube V11 feeds the polarity switch where either a
plus or minus pulse may be selected and applied to the attenuator. The
attenuator is then used to reduce the pulse 10 db steps.

Intermediate values of amplitude may be selected by means of the AMPLI-
TUDE control which has a continuous range of more than 10 db.

This control consists of two ganged variable resistors which vary the
grid bias and plate voltage on the output amplifier tube V11 and the cath-
ode voltage on the two clipper tubes V7 and V9.

In order to provide a more constant pulse output amplitude with changes
in repetition rate and pulse width, a compensation circuit is incorporated
in the unit. When the rate or pulse width is increased, a positive volt-
age is applied to the cathode of V15 through R51 which causes the voltage
to the plate of the output tube and bias of the clippers to increase thereby
compensating for the otherwise decrease in output amplitude when the
rate or pulse width is increased.

POWER SUPPLY

The power supply circuits are conventional, and the direct current supply
voltages are regulated either by glow discharge type regulator tubes (V4,
V12, V14) or by electronic regulators (V10B, V17A, V17B). Tubes V10F
and V17B are used to regulate the +300V supply. Tubes V15 and V17 re-
gulate the voltage supplied to the clipper and output amplifier circuits.

3-3
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SECTION IV

MAINTENANCE

4-1 OUTPUT PULSE ANALYSIS

The output pulse of the Model 212A Pulse Generator will be divided into
three parts: the leading edge, the top or body, and the trailing edge.
Each part is affected by different circuits, If a defect appears on a part
of the output pulse, it will generally indicate the circuit at fault, Each
part of the pulse is described separately and the list of symptoms in the
trouble shooting chart follows the same general order,

Leading Edge -- V6, the 'start' thyratron, 'turns on' the output pulse.
V107B triggers V6 and V6 forms the leading edge of the output pulse.
Only the circuits of V6 and V107B are responsible for the condition of
the leading edge of the output pulse. A defect that appears on the lead-
ing edge only, such as jitter and slowness, is the direct result of a de~
fective tube, crystal diode, or other component in the circuits of V6
and V107B. See items 2,3, and 4 of trouble shooting chart.

Overshoot -- Overshoot occurs to a greater degree on the leading edge
of the pulse than on the trailing edge. Overshoot greater than specified
is usually caused by leads used for external connections to the pulse
generator,

Very minor overshoot coming from the pulse generator is caused by com-
ponent construction, wiring and lead length within the instrument, VI10A
compensates for this overshoot on the leading edges of both negative and
positive output pulses. This tube amplifies a portion of the rise time
from thyratron V6 and couples it to the plate circuit of V11 for negative
pulses and to the cathode circuit for positive pulses. The degree of com-
pensation is controlled by adjustable ceramic capacitors Cl1l and C22,
The setting of each capacitor affects that of the other. The final adjust-
ment is accomplished by alternately adjusting the two capacitors while
observing both positive and negative pulses. Adjust for optimum pulse
shape. Cl1 is generally set near minimum capacity. C22 is used for a
greater portion of the adjustment. See item 5 of the trouble shooting
chart,

Top of Pulse -- When V6 is triggered, it generates a pulse limited in
length by the time plate voltage supplied to this tube. To protect V6,

the supply is constructed to momentarily stop power delivery approximate -
ly 11 microseconds from the time V6 fires. V6 is then extinguished and
will not fire until re-triggered.

The pulse generated by V6 is very coarse and contains peaks in excess of
500 volts. Clippers V7 and V9 clip the amplitude to between 250 and 350



volts depending upon setting of the AMPLITUDE control. A flat-top
pulse is now formed for application to the output amplifier V11. V11
is biased well beyond cutoff, As a result of the high bias voltage only
the top portion of the clipped pulse generated by V6 is passed through
V11l. The very high bias on V11 removes unwanted signals of low am-
plitude that would otherwise appear on the baseline following the output
pulse. See items 24 and 25 in trouble shooting chart,

The body of the final output pulse depends upon sufficient power from the
high voltage supply to maintain high initial pulse amplitude. A droop in

in the pulse body generally indicates a defective component in the high-

voltage supply. See item 6 of trouble shooting chart.

If the pulse contains peaks or humps above the normal level of the top,
it would indicate ineffective clipping, see items 7 and 8 of trouble shoot-
ing chart, When the top has a gradual rise or drop, the correction may
be a matter of adjustment and is covered in item 11 of the trouble shoot=-
ing chart.

Trailing Edge -- V16 the 'stop' thyratron, "turns off' the output pulse.
When V16 is triggered, it forms the trailing edge of the pulse. The trig-
ger pulse for the stop tube is developed by the circuits of amplifier 107a,
multivibrator V108 and blocking oscillator V109a. The condition of the
trailing edge is the result of all these circuits, plus V8 which is in series
with 'stop' thyratron V16. The effects of these circuits can appear only
on the trailing edge of the output pulse. See items 13 and 14 of trouble
shooting chart.

"Both'"Edges of Output Pulse -- If a trouble such as 'jitter' appears on
both leading and trailing edges of the output pulse, the defect is generally
in a circuit which affects both start and stop thyratrons simultaneously.
All circuits preceding V107b, (V101 through V106b) affect both leading
and trailing edges and do not affect one edge without affecting the other,

Pulse Length -- A change in pulse length caused by an increase or de-
crease in rate is generally due to one of the thyratrons. In some thyratrons
there is a very small time lapse between the time the tube is triggered

and the time the gas is fully ionized. The degree of time lapse depends on
the duty cycle. This characterisitic causes the pulse length to vary with
rate. Generally, the time lapse increases with an increase in duty cycle,

If the start tube has this characteristic, an increase in pulse rate will
cause the output pulse to shorten., If the stop tube has this characteristic,
the output pulse will lengthen with an increase in rate. See item 17 of
trouble shooting chart.

High pulse rates tax both thyratrons to a greater degree than low rates,
The symptoms of a failing thyratron therefore become more noticeable at
higher pulse rates.



The greatest duty cycle for the stop thyratron, V16, occurs at maximum
pulse rate and minimum pulse length, At that time it is conducting for
the longest period of time. Under these conditions the stop thyratron
will be most subject to jitter and slowness.

Microphonics -- Microphonics usually appear as a small jump in pulse
position. Multivibrator tubes V101 and V105 are particularly subject
to microphonics. When changing V101 and V105, it may be necessary
to try several new tubes to obtain one which is not microphonic and
which gives the required advance and delay, A small jump in the
trailing edge only would indicate that V108 is microphonic.

A quick operational check for 12AU7 tubes can be made by exchanging
with a 12AU7 not in a critical circuit, any position other than V101 or
V105,

Interference Through Power Line -- Interference through the power line
can occur when instruments on the line are not filtered or if transformers
connecting to the line do not have shields between the primary and sec~-
ondary windings. The interference may appear in various forms. A
visual indication may be seen when viewing very low amplitude pulses

on a very high sensitivity oscilloscope. The interference will cause
ringing at the leading and trailing edges of the pulse.

In some models of the 212A Pulse Generator the filament transformer
was constructed without an internal shield. Some of these models con-
tained a line filter which is not shown in the schematic diagrams, If
an instrument is known to cause interference through the power line,
the line filter circuit shown at the rear of the manual should be added.

ADJUSTMENTS

Pulse Length Calibration -- The PULSE LENGTH dial is hand calibrat-

ed to the potentiometer in the pulse length multivibrator circuit, Com-
position potentiometers vary greatly in taper and can change taper after
use, The calibration of the PULSE LENGTH dial will be only approxi-
mately correct after the potentiometer has been replaced or has aged.
An external time standard is necessary where high accuracy is required,

Following replacement of a component within the circuits V108 the
calibration of the PULSE LENGTH dial should be checked. If neces-
sary, the dial calibration may be adjusted for greater accuracy as
follows:

1. With pulse generator connected to a calibrated oscilloscope, set
the PULSE LENGTH dial to 10.

2. If necessary, adjust C128 to obtain a pulse length of exactly 10
microseconds.,



6.

Set PULSE LENGTH dial to . 1.
If necessary, adjust R143 to obtain a pulse length of . 1 microsecond.

Check accuracy of other points on dial. The dial may be slipped on
the shaft and the above adjustments refined for greatest overall ac-
curacy.

If unable to bring close enough, particularly following replacement
of R142, recalibration of a new dial will be required.

Pulse Rate Calibration -- The PULSE RATE dial is used only for ap-

proximate setting of the repetition frequency and its calibration is not
meant to have high accuracy. Adjust as follows:

1.

6.

With the equipment operating set SYNC SELECTOR switch to the X10
position and the PULSE RATE dial to maximum clockwise position.

Adjust R124 to obtain a pulse rate of 5000 to 5200 pps.

With PULSE RATE control unchanged set SYNC SELECTOR switch
to the X1 position.

Adjust R121 to obtain a pulse rate of 520 pps. The settings of R124
and R121 are interdependent, Steps 2 and 4 must be repeated until
the desired maximum pulse rates are obtained on both the X1 and
X10 ranges.

Set PULSE RATE dial and SYNC SELECTOR switch to obtain a re-
petition rate of 1000 pps. Loosen set screw in dial and set to read
"100", Tighten set screw lightly.

Check other points on the dial for accuracy of calibration. Readjust
the above settings for best compromise on overall accuracy.

Pulse Position Calibration -- No adjustments are provided for setting the

PULSE POSITION control. The position of "0" delay or advance is ob-

tained by slipping the dial on the shaft to the correct position.

The maximum delay obtainable depends on V105,
The maximum advance obtainable depends on V101,

NOTE

At maximum rate do not use delays in excess of
50 microseconds, or, at max. delay do not use
rates in excess of 2500 pps.
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Power Supply Adjustment -- The D.C. output voltage of the regulator is
adjusted by varying the grid bias of the amplifier tube with a potentiom-
eter, Following service to the power supplies, three checks must be
made as follows:

1. Check voltage between the cathode (pin 6) of V17 and ground.
If necessary, adjust R33 to obtain 300 volts,

2. Check voltage between the center terminal of R110 and ground.
If necessary, with instrument not pulsing, adjust R110 to obtain
-28 volts at the center terminal.

3. Check maximum output pulse amplitude. If necessary, adjust
R35 to obtain 60 volt pulse amplitude.

Relay Adjustment -- (Normally not required for life of relay)

1. Open circuit between relay and R28.
2, Insert milliammeter between relay and pin 5 of V17,
3. Set pulse rate dial at max, and sync selector to X10,

4, Control current through relay by varying R124. Set relay to ac-
tuate at 50 ma by adjusting tension on armature springs.

5. Reconnect R28 to relay and reset pulse calibration.

SERVICING NEGATIVE HIGH VOLTAGE SUPPLY (V4, V12, V14, Etc.)

Following replacement of parts within the negative high voltage supply
the current through the voltage regulator tube V4 should be measured
at line voltages of 105 and 125 volts. If necessary, th¢ value of R1
may be padded to obtain not less than 10 milli-amperes with a line
voltage of 105 volts and not more than 30 milli-amperes with a line
voltage of 125 volts,

THYRATRON REPLACEMENT

V6 and V16 are critical tube positions. To quickly check a thyra-
tron suspected of being faulty interchange V6 and V16 to see if the
observed symptoms change as the tubes are exchanged. For ex-
ample, if jitter is observed on the trailing edge of the pulse, but
not on the leading edge, exchange V6 and V16. If jitter now appears
on the leading edge and not on the trailing edge as it did before, the
trouble is clearly a result of the thyratron now in the V6 position.
However, if the jitter remains on the trailing edge in spite of the
tube change, the trouble is most likely in the circuits associated



When replacing V6 and V16, the replacement tube should be a
type HP45B. The HP45 is specially manufactured for use in the
Model 212A. If a standard 3C45 thyratron is used for replace-
ment, aging will be necessary (see following paragraphs). It may
be expected that a high percentage of standard 3C45 replacements
will not successfully operate in this instrument. If a type HP45B
is used, aging and tube selection should not be required.

When a 3C45 is used to replace a thyratron in the Model 212A
Pulse Generator, proceed as follows:

1. Remove screen cover from the back of the instrument.

2. Release tube clamp and remove suspected thyratron. Place
asbestos cover over replacement tube, place tube in socket
and tighten clamp. On V6 also change plate shield to new
tube.

3. Prepare to operate instrument. Set the SYNC SELECTOR
switch to the — or + position so the instrument will not pulse
when turned on. Set RATE control to minimum and the
PULSE LENGTH contro to 10 microseconds.

4, Turn instrument on and allow to heat for approximately
ten minutes,

5. Set the SYNC SELECTOR switch to the X1 position. The re-
lay may chatter for up to one minute and stop.

6. 'Increase RATE control and decrease PULSE LENGTH con-
trol until a maximum rate and minimum pulse length are
obtained without relay chatter., This process may take an
hour or more for some tubes. -

7. Allow instrument to run at maximum rate and minimum
length for approximately twenty-four hours. Observe output
pulse, If pulse is unsatisfactory due to excessive jitter or
slow rise or decay time, allow to run an additional twenty-
four hours. Again okserve pulse, If, after seventy-two
hours of operation, the output pulse is still unsatisfactory
and the thyratron is known to be the cause of the trouble,
try another replacement thyratron.

REPLACEMENT OF LOAD RESISTOR RZ21 AND R22

The resistors used for R21 and R22 may be any of several differ-
ent types. A replacement resistor need not be identical, however,
it must be non-inductive such as the deposited-carbon or metalized-
film types. The resistor must have not less than a 5 watt dissap-
ation rating.and should be within 5% of the value shown on the
schematic diagram.
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Parallel combinations of lower wattage resistors may be used
successfully, however, lead and component length should be kept
as short as possible.

When R21 is replaced by a single, cylindrical resistor, the re-
placement should be mounted so its axis is horizontal and paral-
lel to the side of the instrument.

Replacement resistors for R21 and R22 may be procured from

Hewlett-Packard Company. When possible, parts order should
be accompanied by serial number of instrument to be serviced.

TROUBLE SHOOTING CHART

The following trouble shooting chart is a list of observed symp-
toms. The solutions for each symptom are listed in order of
expected probability. Each suggested remedy is followed by a
note giving cautions and checks that should be made following
replacement of a component. When no caution or check is listed,
the component may be replaced without other than normal pre-
cautions. Dial calibrations will usually be inaccurate following

a tube change within a multivibrator circuit, If a tube is removed
for checking and is not found faulty, it should be returned to the
same socket.
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TROUBLE SHOOTING CHART FOR MODEL 212A PULSE GENERATOR

SYMPTOM DEFECTIVE SUGGESTIONS - CAUTIONS -CHECKS - ETC,
COMPONENT
1. RELAY CHATTER Vé Replace V6 or interchange V6 and V16. Check
PULSE LENGTH calibration and pulse shape.
V104 Replace V104, Check PULSE RATE calibra-
tion,
V105 Replace V105, Check maximum pulse delay.
V106 Replace V106,

SHORTED CAPACITOR
IN PULSE LINE

Replace defective capacitor. Check maximum
pulse length,

2, JITTER ON LEADING Vb Replace V6, Check rise time and PULSE
EDGE ONLY OF OUT- LENGTH calibration,
PUT PULSE
V104 ) Not likely to occur,
CRI104)
3, SLOW RISE TIME Vo Replace V6, Check rise time and PULSE
LENGTH calibration,
4, NO PULSE Vé Replace V6 or exchange V6 and V16 for trial.

(SYNC OUT PULSE
AVAILABLE)

Check pulse shape and length,




Vi Replace V1,
V2 Replace V2,
L3 Replace L3,
V105 Replace V105, Check maximum delay and
'Zero' position of control.

V106 Replace V106,
C135, C138 Replace defective capacitor in delay line,

5. OVERSHOOT ON LEAD- V3 V3 may effect the very small spike on top

ING EDGE of leading edge.
V9 V9 may effect the 1/2 to 1 microsecond
‘ hump on top following leading edge.
C3l C31 may be as high as 30 yuf to reduce
various forms of overshoot,
6. DETERIORATION OF Vi Replace V1.
PULSE TOP
\rA Replace V2,
Vé Check V6,
\/ RELAY Clean contacts on relay RL -1,
o “‘J L2 Replace L2,)
) Not likely to occur

L3 Replace L3.)
V 104 Check pulse rate calibration, may be free

running at very high rate,
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TROUBLE SHOOTING CHART (Cont'd)

SYMPTOM DEFECTIVE SUGGESTIONS - CAUTIONS - CHECKS - ETC,
COMPONENT
7. UNCLIPPED PULSE, R30 R30 burns open if V7 or V9 shorts, result-
HIGH AMPLITUDE V7 ing in an unclipped output pulse, Replace
PEAKS V9 defective V7 or V9 and R30,
8. HUMPED TOP OF V7 Replace V7, Check flatness of pulse top.
PULSE AT RATED
OUTPUT
9., ENLARGED TRACE V17 Replace V17, Check regulated voltage per
OF TOP OF PULSE instruction book.
Any cause of high ripple from V17A can
have this effect,
V15 Replace V15, Check regulated voltage
per instruction book,
T Replace V11,
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10, TOP OF PULSE ROLLS C135) Replace defective capacitor in pulse delay
OFF PREMATURELY C136) line.
BETWEEN 1 and 6 C137)
ILseconds C138)
11, EXCESSIVE SLOPE ON R30 Pad value of R30 to give optimum pulse
TOP OF PULSE level for both low and high rates, Value
varies between 50 and 100 ohms,
Vil Replace V11) occurs with
C5 Replace C5 ) old components
12, VARIATION OF PULSE V17 Replace V17, Check maximum positive
AMPLITUDE WITH pulse amplitude.
CHANGE IN RATE OR
LENGTH V15 Replace V15, Check maximum positive
pulse amplitude.
——————————— R51 Adjust value of R51 to give minimum

amplitude variation with changes in rate.




A

DEFECTIVE

SYMPTOM SUGGESTIONS - CAUTIONS - CHECKS - ETC,
COMPONENT
13. JITTER ON TRAILING V16 Replace V16. Check leading edge of output
EDGE ONLY OUTPUT pulse and PULSE LENGTH calibration.
PULSES
V108 Replace V108, Check PULSE LENGTH
calibration.
m} V8 Replace V8, check trailing edge of output
" pulse.
CR105 Replace CR105.
CR106 Only as last resort change this crystal as it
may require calibration of another PULSE
LENGTH dial.
14. SLOW DECAY TIME Vié Replace V16 and check trailing edge of output
pulse and PULSE LENGTH calibration.
o, V8 Replace V8 and check trailing edge of output
AL \ pulse and PULSE LENGTH calibration.
15, JITTER OI:I BOTH V101 Replace V10l. Check zero and maximum
EDGES OF OUTPUT pulse advance and microphonics.
PULSE
V105 Replace V105. Check zero and maximum
pulse delay and microphonics,
V104 Replace V104. Check PULSE RATE
calibration,
V106 Replace V106,
cl103 Coupling capacitor C139 (C103) may be con-

nected in two different positions. Either
position may be used. (See schematic diagrams).
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The best position for a particular instrument is
the one which gives least jitter. If plate to plate
coupling is used, C103 must be approximately
50 pufd. If plate to cathode coupling is used,
C103 must be 30 ppufd.

| CR102 Replace CR102. Check maximum pulse delay,
CR103 Replace CR103,

16, NO LENGTH CONTROL, V1é Replacé V16. Check traiiing edge of output
PULSE ROLLS OFF AT pulse and PULSE LENGTH calibration.
10,5 TO 11 usecs.

V8 Replace V8. Check trailing edge of output
pulse.

V108 Replace V108, Check PULSE LENGTH
calibration,

V109 Replace V109,

V107 Replace V107,

17, DRIFT OF PULSE V6 Replace V6. Check rise time and PULSE

LENGTH FOLLOWING LENGTH calibration,
CHANGE IN PULSE
RATE V16 Replace V16, Check trailing edge of output
pulse and PULSE LENGTH calibration.
3 V108 Replace V108, Check PULSE LENGTH
! ‘ calibration.
1
— L V109 Replace V109,
V8 Replace V8. Check trailing edge of output
pulse.
V107 Replace V107, Check PULSE LENGTH
calibration.
CR106 Only as last resort replace this crystal as it
may require calibration of a new PULSE
LENGTH dial.
CR105 Replace CR105.
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SYMPTOM DEFECTIVE SUGGESTIONS - CAUTIONS - CHECKS - ETC,
COMPONENT
18. NO PULSE ViSIBLE = V1l or Replace V11. Check maximum pulse amplitude.
TRIGGER PULSE power source for V11 Replace defective component in power supply.
VISIBLE Check maximum pulse amplitude and regulated
supply voltage output per instruction manual.
! * R21 Replace R21,
R22 Replace R22,
19. AMPLITUDE OF NEG R22 Replace defective resistor.
PULSE HIGHER THAN In instruments having
THAT OF POSITIVE two parallel 100 ohm
PULSE resistors for R22, check
value of resistance
20. NO SYNC OUT PULSE V102 Replace V102.
V101 Replace V101, Check zero and maximum
advance and microphonics.
CR101 Replace CR101, Check SYNC OUT pulse.
T101 Check winding continuity of T101., Following
replacement, check SYNC OUT pulse shape.
S101 switch cir- Check continuity and resistance to ground at
cuitry, shielded points in sync output circuit.
cables, etc,
21. INSUFFICIENT PULSE V101 Replace V101. Check maximum advance

ADVANCE

obtainable, position of 0 advance on PULSE
POSITION control and microphonics.




SI-¥

22, INSUFFICIENT PULSE V105 Replace V105, Check maximum pulse delay,
DELAY position of '0' delay on PULSE POSITION
control and microphonics,
23, INSUFFICIENT PULSE R35 With AMPLITUDE control set to maximum,
AMPLITUDE adjust R35 to give 60 volt output pulse,
24, HUMP ON BASELINE Vi1l Replace V11,
FOLLOWING AND AT-
TACHED TO OUTPUT
PULSE
25, HUMP ON BASELINE Vé Replace V6. Check leading edge of output
FOLLOWING AND DE- pulse and PULSE LENGTH calibration,
TACHED FROM OUTPUT
PULSE
e L~
26. INACCURATE RATE R125 Tolerances of high resistance potentiometers
CALIBRATION are wide. The potentiometer selected will
determine calibration accuracy.
27. RINGING ON VBASELINE, T103 Install 220 ohm, 1/2 watt resistor ih series

FOLLOWING REPLACE-
MENT OF TRANSFORMER
T103

— _L_

with grid of V16,




WAVEFORM DATA

The following waveforms may be observed at various points
throughout the circuits. The points selected are those most useful and
provide a very nearly complete picture of signal process from pulse ini-
tiation to pulse completion. Small variations in pulse shape may be ex-
pected, particularly with degree of overshoot, and depending on oscillo-
scope sweep speed used. The newer type pulse transformers used in
instruments following serial 1439 develop waveshapes similar to, but
not identical with, the waveshapes produced by the earlier pulse trans-
formers.

The leading or trailing edges of the observed pulses are the actual
triggering devices, not the bodies. Pulse timing multivibrators, V101,
V105 and V108 are 'one shot' types whose pulse length (time from leading
to trailing edge) is the time lapse desired. A leading edge is simultaneous
with the trigger pulse from the preceding circuit. The trailing edge be-
comes the trigger pulse for the following circuit.

POINT OF APPROX., u SEC,
MEASUREMENT VOLTAGE  LENGTH WAVEFORM

Pin 6 of V104b 260V - 100 T
ll—— 100y SEC —J

Pin 1 of V101la 126V - 100 T
Pin 6 of V101b 76V+ 100 _.__———L_,_’—

Pin 1 of V102a 170V - 100

Pin 7 of V102b TBVF 100

J
Jr



10,

| 7 1

12.

13.

14,

POINT OF APPROX. L SEC.
MEASUREMENT VOLTAGE LENGTH WAVEFORM
Pin 6 of V102b 162V - 100 Jk

SYNC OUT (positive) 58V+

C118, output side 121V-
Pin 1 of V105a 84V -
Pin 6 of V105b 76V+
Pin 1 of V106a 162V -
Pin 7 of V106b 70V+
Pin 6 of V106b 185V -
Pin 2 of V107b 350V+

10

100

100

100

100

100

100

100

|
L——— 100 p SEC —J

N

-

— —

el |
J
)
-
)



15,

16.

B

18.

19.

20,

21,

22,

23.

POINT OF APPROX, W SEC,
MEASUREMENT VOLTAGE LENGTH ~ WAVEFORM
Delay line, input 420V+ 100 hr\
L—— I00pSEC %

Delay line, output 480V + 100 Th
Plate cap of V6 -900 to 100

-1500 total

volts.
Pin 2 or 4 of V6 500V+ 100 h
Pin 7 of V10a 280V+ 10

100V -
Pin 7 of V107a 59V + 10
Pin 6 of V107a 216V~ 10 V
Pin 2 of V108a 34V - 10 F
Pin 6 of V108b 112V -

10 —LJ\__,__




24,

25,

26,

27.

29,

30,

POINT OF APPROX. u SEC.
MEASUREMENT VOLTAGE LENGTH WAVEFORM
Pin 2 of V109a 66V+ 10 /]

|-7 | OpSEC —-l

Fin 1 of V109a 160V - 10 - r
Pin 7 of V109a 218V+ 10 }L/
Plate cap of V16 345V+ 100 _L/_
Pins 1, 2, 5 380V+ 100 m
and 6 of V8
P 1 of ¥11 350V+ 100 !‘\
Pins 3 and 6 of 50V+ 100 —[_]_

V11 (positive
pulse output)
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Fig. 4-1 Pulse Generator, Typical Top View, Cover Removed
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Fig. 4-2 Pulse Generator, Typical Bottom View, Pulse Timing Section
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Fig. 4-3 Pulse Generator, Typical Front View of Power Supply
and Pulse Generating Sections (Removed)
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Fig, 4-4 ©Pulse Generator, Typical Rear View of Power Supply
and Pulse Generating Sections (Removed)
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Fig. 4-5 QUTPUT ATTENUATOR DETAIL
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POWER LINE FILTER DETAIL

THE POWER LINE FILTER IS NOT REQUIRED
ON INSTRUMENTS WHERE TI AND T2 CONTAIN
INTERNAL ELECTROSTATIC SHIELDS.




SZ-¥%

s{re}a( paeog I03s1say Ted1dL]

9-% ‘314

2dd

GROUND (_I I_)4|<
+ 300V 1
500K T R1I3 - 390 -K“'\+3OOV
500K
C140 - 2000+
! -28V
A 35K
=28V =
2y R108 220K-L)
I
oy Hcios - 250) j
300k ——H R107-270K 4=
=
i ,/
Lo (,'/Rlos—a.aoo
+300V
500K H{ R104 - 27K 500K
T R0t - 33k Y

41 62

18]

101 YD

4162

Alie

cold

oﬁ O [DW AN mo

411 0L
1012

JOLD

6110

194

™

I O O
i
6ROUND (4 |r29 - 15k f +Ig'h:w
[ D Tev
- Cc18 - 25UF K 120K
o L
R5 - 100K i 35K
=360V ! 7- f oK
360V R7 470 30K
+300V, }
$30ovl t1R32 - 330KH—F 14y
~ L -22v
oV R34 - 100K 130K
10 K
R39 - 120 KH—F-I5v,
*',',5'30,(" L=37-270k - Leisy
3K
T
| @) O

AARAGAAL

,_\
{

arigz

4rigz

8190

19



c 141
.001 LF

R153
220K

CR 106

CR 104

Do

VMU MY
U 5

Q

—_

HOLI
Ab2 -

G0l 42

A02
ABZ~

Xl2 - 091y

H00S
AOOSL +

N9S - by

0022-8bi Yy

Waee-vbld

AL+

AEE - ShiY

4008

AOB+

A00S

00€¢ - b1y

AOOE +

X061
A9t~

A0SL —-Ooviy

A

AOt—

H0O0I
A9t~

——

A022 - 261

Av

AOt -

Typical Resistor Board Details

Fig. 4-7

4-26



)

F—

(WX

NIIOOMOO0MdO0NMOMOMG

-28v | - -28v
2oy HR118-270K —I-\_____ A
| ”
Ta00v HR119 - 5600
+130V 1 -
g i HR117 - 47K
+ 30V
600K HRr122-100K D
+ llov HR120- 270K |
700K
+300V |
C—lcna - 50
GROUND (ll— R129-4T7K ) +300V
500K
€120 - 50
f—"
L1
+300V — R130- 27KH<]
—
c121 -1000 —5
+24v
+130VIN_I3K = R133 - 680 EZK‘lV
500K| S~ Ll
"1
il e T
(o T HR136 - 3
™~
. (6}]
o I L R135-270 ==
n
s L v
300K f ¢c142 - 1 ) =Rav
_ e — LD -28v
lszc?: T RI5‘I - 220K] 1 35K
RB4 .
Fig. 4-8 Typical Resistor Board Details

X'00}
€2l d

201 ¥9

A L2

€01 40

66l d




C 34 l c38
500 —|— T 500
R76
4700
R77
<l 4700

03 1 L4
AN L N

\—» TO PLATE OF V6 L

Pulse Forming Line
RB5

Cl38 CI37 CI136 CI35
250 250 250 250

B 1 s 1Fh
.. \ 1

SINRERHNE

Nl

. W o W . S .

A \o

Delay Line

RB6
Fig. 4-9 Typical Resistor Board Details
4-28



Jio

T, T2

BLK
*  RI6S
] 3 9 '
ciotl e naa- ro- maraas
10MF ] ]r+ ° >mm
RN 390
X 3] 9 3 3 3 3 3 £l s
N
- VIO2A 7 o\ 0 R4l
/5%%[\7%‘& . 29 A 33 VIOl Vi02 VIO3 VIi04 V105 V106 V107 Vvio8 VIO
foearsiig  Ltoug O 1
27K
+—O0 o
.l_ 4,5 4,5 4,5 45 a5 4,5 4,5 a5 4,5
RI09 RIIO -
2200 2000
\
e |um
-42 xu PRI ¥
R26|
D
+300 BLACK - YELLOW
nsv
:‘om: 30-60v BLACK - GREEN
RI23- 100K C115%-220 0 FAN .
PRI,
+145 = cl6 R10 "”cua =
Vi03A 022 UF si028 a7 BLACK - RED
—o ¢ GRI
€T -82
’

QO [5YNc_seLecTor

Lciaz

=

o*

27K “T 1000 ke
50-60 "\
SI02A, S1028, S102C cile 2200 O
ARE GANGED iy
O <
152 TRANS. DETAIL
ALL NOTES APPLY TO FRONT 8 REAR DECK DIAGRAMS " A 220 K % %OMIT R26 AND FAN ON TRANSFORMER T
NOTES: cz|127 cri0s ¥ 220k B
CONDITIONS OF DC VOLTAGE MEASUREMENT % N 12AU7,/5963
I. 115/230 VOLTS, 50-60 CYCLE POWER SUPPLY. L} b PR 7316
CR 104 c13 |ci3e [ci37 |cize
2. MEASUREMENT TAKEN BETWEEN THE INDICATED POINTS AND CHASSIS WITH ~ .ol T
A VOLTMETER OF 122 MEGOHMS INPUT RESISTANGE VI07B [° (5 3 SRy|cqieecy|s3e
12AU7 001 UF
3. SET THE CONTROLS AS FOLLOWS : I
R148 < RI6O 1t C
SYNC. SELECTOR AT X10 2200 27 K RI38 RI39 DL 100
GREY g0 10K |-48 DELAY LINE
PULSE RATE] AT 1000 PPS VIO7A -
e AvT INGE ?7650
PULSE POSITION| AT MAXIMUM CLOCKWISE POSITION 5963 =
7316 R 154
W0 b s %
R140 A.
ATRO 150K Riss *
AT MAXIMUM CLOCKWISE POSITION G133 Wl
22 7]
27K T .22uF
POLARITY| AT +
NO CONNECTIONS TO INPUT OR OUTPUT TERMINALS

@ Model 212A

Front Deck
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ALL NOTES APPLY TO FRONT & REAR

DECK DIAGRAMS
NOTES:

TI

CAPACITY IN WHF UNLESS O

NOTED.

K = 1000 OHMS

M =1 MEGOHM

% = ELECTRICAL VALUE ADJUSTED AT THE
FACTORY. PART MAY BE OMITTED.

TYPE HP45 THYRATRONS (V6,VI6) HAVE

PINS 2 84 CONNECTED INTERNALLY, AS

WELL AS ON THE SOCKET

(O [PANEL conTroL
@ [crewoRrIVER Aoy

—L  CcHASSIS

A,B,C,D,E

o 78 T2
v2 6.3V ‘
SEE
r TRANS.

DETAIL

CONNECT TO CORRESPOND-
ING LETTERS ON FRONT DECK DIAGRAM.

g
<

ral
FORMING LINE

-105

oB2

2,4 (SEE NOTE)

R72
220K

+6.6 +6.6

cn
7-45
D p L350
A
13 5 c22

ve
6J6
R6
--——--—-—— 100 K
4 AAA
GANGED WITH R4B T \
34
VI3 VIiOoB 100K
5U4GB 12 AX7
::4505“;::027 ::l;( ==C2
e ' Oleozriy]
522'3‘ B S ! 5 Il $3 FRONT
2 0¥ 0y
== 3 O,
= Lo o
4 8
- P
* 3
c3l
T* o
= ¢
I cI3
=N ATTENUATOR 8 uF
(SEE DETAIL)
[Focse our]
AT 1

2124 - nO- seTOAD

) Model 212A

Rear Deck



SECTION V
TABLE OF REPLACEABLE PARTS

NOTE

Readily available standard-components have boen used
in thig instrument, whenever possible. However, special
components may be obtaiped from your local Hewlobt-

Fackard representative or from the factary,

When ordering parts always include:

1., & Stock Number,

2. Complete description of part Including cir-
cuit reference.

3. Model number and serial number of in-
strument,

4. If part la not llsted give complete descrip-
tion, function, and location of part,

If there are any correctiona for the Table of Replaceable
Parts they will be listed on an Instruction Manwal Change

sheet at the front of this manual.




TABLE OF REPLACEABLE

PARTS

Golpl, $10%, 400 vdew CCw

CIRCUIT % STOCK
REF. DESCRIFTION, MFR. * &MFR. DESIGHATION MO, L)
AT 1 Attenuator Assembly: outpal HP* 212A-19B | 1
Bl Fan Motor General Indust. Co.| 3148-43 1
Gl 2 Capacitory fixed; paper P 17=54 &
4uf 210%, 1000 vdow
c3 Capacitor: fixed; paper dielectric, lb-4E 11
B2 +10%, 400 vdow CC#®
cd Same as C1
=h Capacitor: fixed, electrolytic, 18-40HP 4
d0 L £, 450 vdow CC*
Ch This circuit reference not ua.igm.-d.
c7, 8 Capacitor: fixed, mica, 14-200 4
200 pp £ £10%, 500 vdew e
L Capacitor: [ixed, mica, 14-48 F
G { #10%, S00 wdew e
Ly ) Same as 3
Cll Capacitor: wvariable, ceramic dielectric, 13=1 Z
T-45ppf 500 vdew L
Gle Capacitor: lixed, paper dielectiric, la-1 A
0. b f £10%, 600 vdow Cite
i3 Capacitor: fixed, paper dielectric, 17-25 |
B f $£20%, 600 vdow P
Ci4, 15 Same as C5
Clb Same as Cl
CIT, 18,19 Same as C3
CZ0 Capacitor: fimed, mica, 14-47 3
1800w [ +£10%, 500 vdew ]
Cal Capacitor: fixed, paper dieleciric 16-11 5
O, 2108, 600 vdew CCe
CEE Same as Cl1
k| Capacitor: fixed, mica, 14-11 -]
1000 jLy f #10%, 500 vdew Wk
G4 Same as G20
G225 Same as Gl2
Cie, E7 Same as 3
C2B Same as CT Electrical value adjusted at factory
C29 Same as C5
C30 Capacitort fixed; paper dielectric, 16=-35 1

# Total quantity used in the instrument.

5-2

* Bee " List of Manufacturers Code Letters For Replaceable Parts Table",




TABLE OF REFPLACEABLE PARTS

CIRCUTT % STOCK
REF. DESCRIPTION, MFH, * L MFR. DESIGHNATION HO. #
[ | Capacitor: f{ixed;, mica, 14-10 |
10 oy, £10%, 500 vdcw i
Eleetrical value adjusted at factory
ciz2 Capacitor: fixed, paper dielectric, la=15 2
« 047 uf, 210%, 600 vdew CCe
C33 thrw Capacitor: fixed, mica, ld-3& b
Cib S00 wuf, £5%, 2500 wdew F
C37 Capacitor: fixed, mica, 14-37 1
TRO puf, 5%, 2500 wdcw L
I'_','!-H, 5 Same ag G331
C40 thru i
a0 These circwit FelerFences not :|.:.=.i1|'_l_t'|l:|']
Glal Capacitor: fixed, electralytic, 16-10 1
10 pf, 450%, 450 vdew K
la2 Capacitor: f[ixed; mica, 14-21 3
BE0 ppf, 10%, 500 vdew b
e ] This circalt reference not assigned
C104 came 28 CZI
105 Capacitor: [imed, mica, 14 -4 4
220 Wty ilﬂ%, SO0 vdow W
C 106 This circuil relerencs not agaigned
C1o7 Same as C3
C1DE Same as C32
C1og Capacitor: fixed, paper dielectric, la=1 L
0.1 uf, £10%, 600 wdew Ge
Cllo Same as CL10Z
cCill Same as C3
cil2 Same ag G102
clil3 Same as 9
cll4 Same as CT
Cl115 Capaciter: fixed, silver mica, 15=32 1
220 puf, 5%, 500 vdcw Zw
Electrical value adjusted at {actary
Clle Capacitor: fixed, paper dieleciric, 16-12 1
022 i, £10%, 600 vdow CCe
C117 Capacitor: fixed, mica, ld=1%9 1
B2 wid, 110%, 500 vdow W

* See " List ol Manufacturers Code Letters For Replaceable Parts Table",
# Total quantity used in the instrument.

§=3




TABLE OF REPLACEABLE PARTS

CIRCUTT 4 BTOCK
REF. DESCRIFTION, MFR. * LMFR. DESIGNATION N0,

Gl Capacitor: fixed, mica, 14-67T
47T ppf, £10%, 500 vdow W

119 Same aa C3

Clz0 Same as C114

12l Same as C23 - Elecirical value adjusted
at factory

cl22 Same as G1Z1

Cl23 Same as C105

cil24 Same as G231

Cl125 Samo a8 G

Cl26 Capaciter: fixed, mica, ld=fx]
22 pwpf, £10%, 500 vdow Zk

C127 Capacitor: [xed, mica, 14-17
27 ppf, *10%; 500 vdow W

128 Capacitor: variable, alir dielectric, 12=12
Te5 = 102, 7 ipuf AAE

Cl29 This circuit reference not assigned

G130 Same aa G2

e EN Capacitor: fixed, silver mica, |5=d2
5600 ppf, £1%, 300 vdow e

Cliz Same as G105

Cl3i3 Same ag Cl2b

Cli4 Same as G

G135 thru Capacitor: fiwed, mica, 14-42

Cl38 270 ppf, $10%, 500 vdcw W

139 Capacitor: [ixzed;, mica, ld=4E
39 ppf, #10%, 500 vdow Wik

c140 Same as C20 Electrical value adjusted
at factory

Cl4l, 142 Same ap G213

143 Thia circuit refarence not assigned

CRl1;2,3,4 Rectifiers; seleniom AA| 212 60

CHS= 100 These circuit references not assigned

CRL101,103 Rectifier, crystal: germanium diode 212=-G12

104, 105 Tranasitron

CR102 Crystal, rectifier, dicde Bu=| 212-Gl1A

CR10&

* Bee " List of Manufacturers Code Letters For Replaceable Parts Tahle" .
# Total quantity used in the instrument.

5-4



TABLE OF REPLACEABLE

PARTE

CIRCUTT & STOCK
REF. DESCRIPTION, MFR, * &MFR, DESIGNATION HO.
D100 Pulse delay line HP#®| Z1ZA-L0C
51 Lamp, incandescent: .1% amp, 211-47
o-8Y, #47 oL
Fl Fuse, cartridge: 4 amp, 115V E* | Zll=4b
Fuse, cariridge: 2 amp, 230V E#* 211-16
Jyal, 102 Receptacle, BHC, RF connecior, 125=9
SYHNC IN, 5YNC OUT LL#*
L1l Eeactor, [(ilier: apen frame Paesco 911-12
L2 Reactor, pulse line charging Paecco 911-52
L33 Choke; R.F,, 60 ph HPHY 52ZH-
6B -1
L4 Same as L1l
LS Reactor, filter: 6Gh, enclosed (rame Faeco G1L-4
Lb, T Choke;, R.F.: 43 uh I, E, Fast & Co. 4B-b
Pl Gable, power Elec. Cords Co. H12=10%
R1 Resistor: f[ixed, wirsewound, 26 =b
BOD ohms, £10%, 10 W g%
RZ Resistor: fixed, compeosition, 24-3900
1900 ohms, £10%, 1 W B
B3 Resistor: f{ixed, wirswound, 2T-T
4000 ohme, £5%, 20 W %
Electrical valee adjuosted at factory
R4A,B Resistar: wvariable, dual, 210=68
20, 000 chms /sect, BiOw
RS, & Resistor: [ixed, compoeaition, 24-100K
100, DOO ohma, £10%, 1 W B
Ry Resistor: {ixed, composition, 25-470
470 ohms, £10%, 2 W B
kA This eclrewlt reference not asaligned
R9 Resistor: fixed, composition, 24.-4T0H
470, 000 ohma, +10%, 1 W B
Bl Registor: fiwed, composition, 25=Z20
220 ohme, 210%, 2 W B=
Electrical value adjusted at factory
RiILl, 12 Resistar: [ixed, compoaitien, 24-15K
15,000 ohma, $10%, 1 W B*
Rl13 Regiator: fixed, wirswound, 2b=28
1250 chmas, £10%, 10 W 5%
Hl4 Resistort fixed, composition, 24=1500
1500 chma, £10%, 1 W B*

* Bee " List of Manufacturers Code Letters For Replaceable Parts Table",
# Total quantity used in the instrument.

5=5




TABLE OF REPLACEABLE PARTS

CIRCUIT % STOCK
REF. DESCRIPTION, MFH, * & MFR, DESICNATION WO,

R15 Resistor: fized, composition, 24=10K
14, 000 ahms, £10%, 1 W B*

Hlé Resistor: fixed, composition, 24-4T0
470 ohma, Z10%, 1L W B

R17, 18 These circuit reflerences not assigned,

R19 Resistor: [ixed, composition, 24-1.5M
1.5 megohms, t10%, 1 W JEE

R 20 Registor: fiwed, composition, Z25=4T
4T ohms, 110%, 2 W B=

Hil Hesistor: [ixed, [ilm type on glass rod body, 331-20
20 ghma, 11%, 1 W
Electrical value adjusted at factory AR

R22 Resistor; fixed, 154-100
100 chms, 5%, € W ARw

R23 Resistor: filxed, composition, 24-13K
33,000 ochms, 200%, 1 W B

R24, 25 Same as Hb

R2& Resistor: [lixed, wirewound, 26-2T7
50 ohma, *10%, 10 W 5%

R27 Regiator: fixed, composition, 24-53130
330 chms, £10%, 1 W A=

RZE Repistor: fixed, wirewoond, Zh=12
a0, 000 ohms, 5%, 10 W 5%

RZW Same as R11

B30 Resistar: wvariable, composition, linear taper 210=25
00 ohma, 10%, 1=

R3l Reslator: flxed, composition, 24-18
1 megohm, 10%, 1 W B

B3z Resistor: [ixed, composition, 24=330K
330, 000 ohme, T10%, 1 W B

R33 Resgistor: wvariable, compasition, 210-14
50, 000 chma, £20%, 172 W 1=

R34 Same as RS

K35 Resistor: variable, composition, linear taper 210-44
250, 000 chma, 109 B

Rib This circuit reference not assigned

* Bee " List of Manufacturers Code Lettera For Replaceable Parts Table' .
# Total quantity used in the instrument.

Bmib




TABLE OF REFPLACEABLE PARTS

CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * LMFH. DESIGNATION MO,
AT Resistor: fixed, composition, 24 =ZT0K
270, 000 ohma, =108, 1 W B*

R34 Resistor: lixzed, wirewound, 26-11
25,000 ahms, 10%, 10 W Bk

Ri9 Resistor: fized, composition, 24 =1 20K
120,000 ochms, $10%, 1 W G

R40 Regiator: fixed, composition, 24-2TK
27,000 ohme, 210%, 1 W B

R4l Resistor: fixed, composition, 24-53
i3 ohms, 210%, 1 W h=

H42 Reslator: fixved, composition, 2hi=12
12 chmas, 210%, 1/2 W Ra

H43 Resistor; f[ixed, wirewound, I ohm HP=| 2124670

R44,45, Resistor: fixed, composition, 28330

44 3130 chms, 210%, 2 W Fi#

R47,48 Resistor: {ixed, composition, 25=100
100 shms, 210%, 2 W By

R4% Same as R27

R50 Hesgistor: fixed, composition, 24=560
Kiaid oy, 1;“%, I W B#

Electrical value adjusted at factory

K5l BRegiator: fixed, composition, 24 =19K

3%, 000 ohms, £10%, 1 W B®
Electrical value adjusted at {actory

RS2 Resistor; fixed; composition, 25-10K
10,000 ohms, 0%, Li2 W Fi&

R53 thru Resistor: (ixed, deposited carbon, 454, 25

RE&0 96. 25 ohms, 1%, 1/2 W MM

Rbl thru Resistor: {ixed, deposited carbon, 31-T1.14&

Rb4 71,16 chms, #1%;, 1/2 W KM

Rb5, bt Hegistor: fixed, deposited carbon, J1=-2E8, T

&7 268. T chms, 1%, 1 W bt £

B&E, 69 Aeptator: firved, deposited carbon, 11-=142. 3
142, 3 chms, 1%, 1 W B

R0 Resistor:; f[ixed, deposited carbon, 31=-96, 25
96. 2% ohms, 21%, 1 W MNM*

R71 Resistor: [ized, wirewound, 27-1
600 ohmse, 210%, 20 W 5

RY2, T3 Hesistor: lixed, compésition, 25-220K
220, 000 ohme, T10%, 2 W B

* Bee " List of Manulacturers Code Letters For Replaceable Parts Table" .,
# Total quantity used in the instrument,

§-7




TABLE OF REPLACEABLE PARTS

CIRCUIT & STOCK
REF. DESCRIPTION, MFR, * &MFR, DESIGHNATION NO,

HT4 Resgistor: [ixed, composilion, 24-2200
2200 obhyme, 2109, | W 2k

BT5 Resistor: fixed, composition, E5-4T0
470 ghme, T10%, 2 W B

BRThH, TT Resistor: [ixed, compositicn, £had TOD
d700 chme, £10%, 2 W B

RTH, T3 Resistor: [lxed, composition, 25=3300
3300 ohme, 10%, 2 W =

RAQ Same as Hd4

Ral Registor: f{ixed, composition, 23220
220 ohms, 210%, 1/2 W B

Electrical value adjuated at factory

[i4:F4 Same aa R3i8

RK&3 Same as Rid

HE4 Same aa R13

RES Hesistor:; fixed, composition, 24 -100D
1000 shimes, $10%, 1 W B

RE& Resistori [ixed, wirewound, Zh=10
L0, 000 ohmis, £10%, 10 W L

RET Resistor: f[ixed, wirewound, Zh=T5
330 ghma, i0%, 5 W S

REB Same as B47

R49 thra

R 100 3 These circuit references not assigned

K101 Same as R23

RI10Z Resistor: fixed, composaition, 21-15K-5
15,000 ohms, 5%, 12 W B

RiG3 Resiator: fixed, composition, 24 =-2200
2200 chms, £10%, 1 W B*

R104, 105 Resistor: [ixed, i:o:mp-n-:i.h-:n. 25=-2T7TK
7,000 ahme, 110%, 2 W B

R10& Registor: [ixed, composition, 24-3301
1300 ohms, 10%, 1| W Be

mR1a7 Resistor: [ixed; compoesition, Li-2T0K
270,000 ohms, *10%, 1/Z2 W h=

R108 This circuit reference not assigned

R109 Same as R103

* Bee " List of Manufacturers Code Letters For Replaceable Paris Table"
# Total quantity wsed in the Instrument,

=8




TABLE OF REPLACEABLE PARTS

CIRCUIT & STOCK
HEF. DESCRIPTION, MFR, * &MFR, DESIGNATION N,
Rl Reasiator: wvarlable, composition, 210=14
2000 ohms, *20%, 1/4 W [*
R1I1 This circuit reference not Assigned
R1L12,113 Resistor; fixed, composition, 24=390
190 chms, £10%, 1 W B
RI114 Resistort fixed, composition, 24 =4700
4700 aohmes, $10% 1 W B*
RIlS Same as B9
Rilt Realator: fixed, composition, 28 =1500
1500 ohms, *10%, 1 W Be*
RIL1T Resistor: fixed, composition, d4-47TK
47, 000 ahmea, £10%, 1| W RB=
Rils Resistor: [ixed, composition, 25-2T0K
270, 000 ohmiz, 210, 1/2 W N=
R11% Resistor: [ixed, composilion, 245400
5600 ohme, T00%, | W B®
R1Z0 Resistor: {ixed, composition, Zd-180K
LB, 000 ohme, £10%, | W B*
R1z1 Resistor: variable, composition, E10-1%
2.|:||:l'ﬂ|:l|:| Gl e, +20%, 1=
Ri2z2, 123 Resistor: fixed, compositien, 2.1 00K
100, 000 chms, 2108, 2 W JEL
H1i4 RHeststor: wariable, composition, linear taper Z10=20
500, 000 ahms G
RLI2S Resl star: variable, composition, Z1l0=H1
3. 5 megohms, 220% Be
RlZb RHesistor: fixed, composition, da=Z. 2N
2 2 megohms, 108, 1| W Be
R127 Same as R3IT
Rl:z4 Resistor: fixed, composition, d4-18K
18, 000 ahme, $10%, 1 W B+
R1z% Samme as RILY
B130 Same as R44
R131 Same as K103
R13ZAB Reasistor: wvariable, carbon, dual section, 210-74
front section: LOD, 000 ohms
rear secltion: 1000 chms [*

* Bee " List of Manufacturers Code Letters For Replaceable Parts Table™ .
# Total quantity used in the instrument.




TABLE OF REPLACEABLE PARTS

CIRCUIT EE‘H}CK
REF. DESCRIPTION, MFR, * & MFR, DESIGNATION NO.
RAi3l Hesistor; fixed; composition, 2i-oHd
6A0 ahme, 210%, 172 W He
RL34 Resistor: [ixed, wirewound, 2h=25
15,000 ohime, t10%, 10 W 5%
R13s Same ag R118
RI3E Resistor: fimed, wirewosind, 26-3
LW000 ohms, 10 s®
R137 This circuil reference not assigned
®1ia RBesistor: fixed, composition, 25-2700
2700 ohma, 210%, £ W Pi*
R1i9 Same az R15
R 144 Reatstor: fixed, composition, Z24-150K
150, 000 chms, 210%, 1 W B
H141 HResistor: fived, composition, Z4=3 300
3300 ohmas, £10%, 1 W Be
R142 Resistor: wvariable, composition, 210-70
20,000 ohrme, 10%, 2.25 W B=
Rl43 Resistor: variable, composition, linear taper 210=25
500 ohmg, *10%, I*
Ri44 Resistor: fixed, deposited carbon, 31-3, 26M
3. 2B megohms, 21%; 1 W P
RldE Same as H23
R144 Resistor: fixed, composition, 24d=220
220 ohms, 210%, 1 W B*
R14T Besistor: fixed, composition, L3-hGK
586, 00O ohma, =10%, 1/2 W B
R1l48 Same a5 RT4
R149 Same as RA5
B150 Thie elreult reference not assigned
R151, 152, Resistor: fixed, composition, 24-220K
153 220, 000 phme, 210%, 1 W Be
R154 Besistor: [ixed, composition, 2d-RAEOG
G300 ohms, £10%, 1 W h=
R155 Rosistor: lixed, composlition, 2d=THK=5
75,000 chms, +5%, 1 W B
Electrical valug adjusted at [actary
R15& Resiastor: f{ixed, composition, 24-2TK
27,000 ohma, *10%, 1 W B*
e

* Bee " List of Manufacturers Code Letters For Heplaceable Parts Table",
# Total quantity used in the instrument.




TABLE OF REPLACEABLE FARTS

CIRCUIT % STOCK
REF. DESCRIPTION, MFR. * &MFH. DESIGHNATION NO.
R157 Same as BI5] Electrical value adjusted at ri¢l¢1'||!.f
R154, 159 Same as R440
160
R1&1 Sagrse as HAT
R1lG2 Raesiptor: fixed, composition, L4-2T00 1
2700 chms, #10%, 1 W B
Electrical valug adjusted at factary
BlGl Resistory fixed, composition, 23-30K i
19, 000 ohme, +10%, 1/Z W B
B 164 This circuit reference notl agspnad
Ri&GE Resistory fixed, composition 23-15HK I
15, D00 ohms, +10%, /2 W '~ hp- Bs
Electrical value adjusted ntEa;‘an
REL | Relay: DPDT, 24v de HP# 212A=p0E L
51 Switch, wgple: SPST (EL 310=11 1
52 This circuit reflerence not assigned
513 Switch, rotaryt Paolarity W= | I10=80 1
54-5100 These circalt references nol assigned
4101 Switch, leggle: DPDT O Fll-54 1
102 Sync Selector Switch Assembly: complete HP#*| 212A=194 1
Sync Selectar Switch: less componants HP+*| 310-8]) |
T1 Transformer, power HP=| 910=T4 i
TZ Translormer, [ilament Hip#! 910-75 i
T3I=T100 These circuit references not assigned
Ti01 Transformer, pulsa: 4 leads HP=| 913-3 1
Ti0L, 103 Transformer, pulse: b leads HP®| 9132 2
L Tuhe, electront oX4 L% | 212-63X4 i
V2 Tube, sléciront BLEGH ZZw| Z1Z-6L&6GH 1
K | Tube, eleciront GWHGT LEw| 2I24HWAaGT 1
Vg Tube, electron: OB2 2Ix| 21Z2-0B2 2
Vi Thia circuit reference not assigned
Vi Tobe, aleciron: HP45 ZZ®)| Z1Z-HIF45 F
¥T.6:9 Tube;, electron: bJb ZEw| 212-b]6 5
VioAR Tube, slectrony 12AXT ZE*x| 2lE-L28XT 1
Vil Tube, electron: BASTG ZE¥| ElZBA5TG) 2
Wiz Tube, electron: OD3 ZI%| Z1Z-00D3 1
w13 Tube, clectrony SU4AGHE ZZ*| 212-5U4GH |
Wid Same as V4
ViE Tube, slectron: bALG ZE*| Z12-6AUG i

* Spe " List of Manufacturers Code Letters For Replaceable Parts Table".
# Total quantity used in the instrument.

5-11




TABLE OF REPLACEABLE PARTS

CIRCUIT & STOCK
REF. DESCRIPTION, MFR. ®* &MFR. DESIGNATION MO,
Vil Same as Vo
ViTA; B Same as Y1l
:ig;hru These circult references not assigned
wi0s T Tube, electron: 12AUT, 5963, or 7316 22e |212-7318
Zl Fulse forming line HP* |212A-60D

MISCELLANEOUS
Cable, pulse oul, complete H P 212A=14LB
Coupler, flexible A= 150-1
Connector, R.F, receptacle; type M 125156810
PULSE OUT LL=*
Fan blade BO~ ild=-44
Filter, power line Hp+ 212A=05A
Fuseholder T* 140-16
Indicator Light 1= 145-2
Insulator, standoif Al= 34-1
Insulator plate, bakelite 2 x & = 3732 Z21ZA-41
for horizontally mountod HP45 tube HP*
Knch: ATTENUATOR DB, POLARITY, G-VaM
SYMHC SELECTOR H
Enoch: PULSE POSITION HP* G-T4B
Enobh: AMPLITUDE, PULSE RATE Hi+ G-TaK
Haoh: PULSE POSITION, (skirted) HF=* G-T4L
Ench: PULSE LENGTH L% G=TaZ
Motor Assamthly HP+ [|212A-97
Beactor Assemblyi audio, ls2h HIP* 212ZA-950C
Shield, for HP45 tube, ashestors, LlEa-bA
I long HFP*
Shock mounts {or [an Berry Cont, Inc, | 14%-18
Switeh, atenoator: (less components) W iLa-79
Window, dial HP* |M-2

* See " List of Manafaclurers Code Letters For Replaceable Parts Table®,
# Total quantity used in the inatrument.

5=1&




@ MANUAL CHANGES

MCDEL 2Z12A
FULSE GENEERATCR

ERBATA:

R165; Change 5o resistor, fixed, composition, 15,000 chms
+10%, % W; -hp- Stock No. 23-15K, Mfr., B

10-19-59
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