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Section I
Table 1-1

Model 411A

Table 1-1. Specifications

VOLTAGE RANGE:
10 mv rms full scale to 10 volts rms full scale
in seven ranges. Full scale readings of 0.01,
0.03, 0.3, 1, 3, and 10 volts rms.

FREQUENCY RANGE:
500 kc to 1 gc with accessory probe tips.

ACCURACY:
500 ke to 50 mc, ±3% of full scale; 50 mc to
150 me, ± 6% of full scale; 150 mc to 1 gc,
± 1 db using appropriate probe tips.

PROBE KIT:
411A-21G Accessory Probe Kit. This kit in
cludes the 411A-21B, 411A-21C, 411A-21D,
411A-21F Probe Tips and a 411A -21A-3
Replacement Diode Cartridge.

TERMINATION:
~ Model 908A 50-ohm Termination, Type N
male, swr less than 1.05 from dc to 4000 mc.

METER SCALES:
Two linear voltage scales, 0 to 1 and 0 to 3,
calibrated in the rms value of a sine wave.
DB scale, calibrated from +3 to -12 db; 0 db=
1 mw in 50 ohms.

PROBE TIP FURNISHED:
411A- 21E BNC Open Circuit Probe Tip, 500 kc
to 500 mc. Shunt capacity: Less than 4 pf.
Maximum input: 200 vdc. Input resistance at
10 mc: typically 80K ohms.

INPUT RESISTANCE:
Depends on probe tip, frequency and input voltage
typically 200K ohms at 1 mc and I volt rms.

GALVANOMETER RECORDER OlTTPUT:
Proportional to meter deflection. 1 rna into
1000 ohms at full scale deflection.

POWER:
115 or 230 volts ± 10'10, 50 to 60 cps, 35 watts.

DIMENSIONS:
Cabinet Mount: 11-3/4 in. high, 7-1/2 in. wide,

12 in. deep

Rack Mount:

.~-.

....

TOP

": .

··::··l," .

~----------'

j. I.
---- l~

rr========;-;J.-lr-i *

j SIDE: :ru 0 REAR

"ii

411A-31D Type N "Tee" Probe Tip, 1 mc to
1 gc. SWR is less than 1.15 when terminated
in 50 ohms. Maximum input: 10 vdc.

ACCESSORIES AVAILABLE:
Probe Tips:

411A-21B Pen Type Probe Tip, 500 kc to
50 mc. Shunt capacity: Less than 4 pf.
Maximum input: 200 vdc. Input resistance at
10 mc: typically 80K ohms.

411A-21C VHF Probe Tip, 500 kc to 250 mc.
Shunt capacity: Less than 2-1/2 pf. Maximum
input: 200 vdc. Input resistance at 10 me:
typically 80K ohms.

411A-21F 100: 1 Capacity Divider Probe Tip,
500 kc to 250 mc. Division Accuracy: ± 1%;
shunt capacity: 2 pf. Maximum input: 1000
volts pk (dc + pk ac).

WEIGHT:
Cabinet Mount:

Rack Mount:

Net 12 lb, shipping 18 lb

Net 15 Ib, shipping 28 Ib

.~ ..

1-0 01193-1



Model41lA Section I
Paragraphs I-I to 1-10

SECTION I

GENERAL INFORMATION

1-3. PROBE TIPS AVAILABLE.

See paragraph 3-3 for instructions before
attempting to operate this instrument.

Frequency Range

500 kc - SO mc
500 kc - 250 mc

1 mc - 1000 mc
500 kc 500 mc
500 kc - 250 mc

1-5, A complete probe-tip kit containing these probe
tips plus an extra, replacement, cartridge in a handy
case is available from Hewlett-Packard as stock
number 411A-21G.

I-10, To preserve the protection feature when oper
ating the instrument from a two-contact outlet, use a
three-prong to two-prong adapter and connect the
green pigtail on the adapter to ground,

1-9. For the protection of operating personnel, the
National Electrical Manufacturer's Association
(NEMA) recommends that the instrument panel and
cabinet be grounded, All Hewlett- Packard instru·
ments are equipped with a three-conductor power
cable which, when plugged into an appropriate recep
tacle, grounds the instrument, The offset pin on the
power cable three-prong connector is the ground pin.

1-7. Hewlett-Packard uses a two-section eight-digit
serial number (000-00000). If the first three digits
of the serial number on your instrument do not agree
with those on the title page of this manual, change
sheets supplied with the manual will define differences
between your instrument and the Model 41lA described
in this manual,

1.8. POWER CABLE.

'-6. INSTRUMENT INDENTlFICATlON.

1-4. To increase the usefulness of the Mode1411A,
a number of screw-on probe tips are available indi
vidually as follows:

Probe Tip 4!/J Stock No.

Clip-on 411A-2IB
VHF 411A-2IC
Type N "1''' 41lA-21D
BNC (supplied) 411A-2IE
100:1 Divider 411A-21F

1-1. GENERAL DESCRIPTION.

1-2. The Hewlett-Packard Model 411A RF Millivolt
meter is a sensitive ac voltmeter which will measure
accurately from 0.01 volt rms to 10 volts rms full
scale in the frequency range of 500 kc to 1000 mc
(1 gc). The 411A probe when used without acces
sories will respond to frequencies up to 4 gc and may
be used as an indicator up to this frequency. The
Model 411A is supplied with a BNC-type screw-on
probe tip providing easy and rapid measurement at
low frequencies. Other probe tips, which make
possible convenient measurement at 1000 mc, are
available. The Model 411A has a recorder output
with an adjustable leveL

CAUTION

""

Figure I-I. Mode1411A RF Millivoltmeter

01l93-1 1-1/1-2



SECTION II

PREPARATION FOR USE

Model411A

2-1. UNPACKING & MECHANICAL INSPECTION.

2-2. Inspect instrument for signs of damage incurred'
in shipment. This instrument should be tested as soon
as it is received (see Final Test at the end of this
manual). If it fails to operate properly, or is damaged
in any way, a claim should be filed with the carrier.
A full report of the damage should be obtained by the
claim agent, and this report should be forwarded to
us. We will then advise you of the disposition to be
made of the equipment and arrange for repair or
replacement. Include model number and serial number
when referring to this instrument for any reason.

2-3. Hewlett-Packard Company warrants each instru
ment manufactured by them to be free from defects
in material and workmanship. Our liability under this
warranty is limited to servicing or adjusting any in
strument returned to the factory for that purpose and
replacing any defective parts thereof. File a claim
with the carrier as instructed in warranty page.

2-4. OPERATION CHECK.

2-5. This instrument should be checked as soon as
it is received to determine that its electrical char
acteristics have not been damaged in shipment. Refer
to the Final Check at the end of this manual.

2-6. INSTALLATION.

2-7. This instrument depends upon air cooling.
Therefore it is advisable to place the instrument on
the table or work bench so that the air can circulate
freely through the instrument.

2-8. POWER REQUIREMENTS.

2-9. Power requirements are given in table I-I.

2-10. OPERATION ON 115 OR 230 VOLTS.'

2-11. The Model 411A can be quickly and easily
converted to operate from a nominal line voltage of
230 volts and a frequency of 50 to 60 cps. The instru
ment is normally supplied with the power transformer

01193-1

Section 11
Paragraphs 2-1 to 2-19

dual primary windings connected in parallel for 115
volt operation. To convert for 230-volt operation
remove cabinet as in paragraph 5-8 and reconnect
the primary. windings in series as shown on the
schematic' diagram. Replace the 1 ampere slow
blow fuse used on 115 volt input with a 1(2 ampere
slow-blow fuse for 230-volt operation.

2-12. As an option the instrument may be ~ired to
do the switching by means of a slide sw.itch S102. To
convert this type of instrument to 230 volts first turn
the instrument off. Then with a pointed tool such as a
pencil tip, flip the slide switch to the 230-volt position.
Instrument may now be operated on 230 volts.

2-13. RACK-MOUNT MODEL.

2-14. This instrument is also available in a rack
mount version in addition to the cabinet model shown
in figure 1-1. The rack-mount version is identical
electrically and similar physically except that the
controls have been rearranged on the rack-mount
version.

2-15. PREPARATION FOR STORAGE AND
SHIPMENT.

2-16. The best method of packing this instrument is
in the original shipping carton with the original fillers
packed in' the same manner as when received from
the factory. Therefore when unpacking, note care
fully the method of packing and save the original pack
ing material for possible future re-use.

2-17. If the original packing material is not available
and it is desired to package the instrument for stor
age or shipment, first wrap the instrument in heavy
kraft paper to avoid scratching the paint. Then pack
in a cardboard carton with a bursting strength of at
least 150 Ib per square inch. Pad the instrument
on all sides with at least 2 inches of rubberized hair
or at least 4 inches of tightly packed excelsior.

2-18. STORAGIE.

2-19. No special precautions are necessary in storage
except the usual precautions against mechanical or
water damage.

2-1
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Section III
Figure 3-1 to 3-6

Mode1411A

~ 411A-21E BNC OPEN CIRCUIT PROBE TIP
+3,----..,....----r-----,-----,

~ 411A-21E BNC OPEN CIRCUIT PROBE TIP
. SHUNT CAPACITANCE 5pf
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Figure 3., 1. Frequency Response of
BNC Open Circuit Probe Tip

Figure 3-2. Input Impedance of
BNC Open Circuit Probe Tip
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G-S-171
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~, 411A-21C VHF PROBE TIP,

c!j) 411A-21B PEN-TYPE PROBE TIP
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Figure 3-6. Frequency Response of
VHF Probe Tip

Figure 3-4. Frequency Response of
Pen-Type Probe Tip
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Figure 3-3. Frequency Response of
Type N "T" Probe Tip
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c!j) 411A-21B PEN-TYPE PROBE TIP
~ SHUNT CAPACITANCE 4pf

Figure 3-5. Input Impedance of
Pen-Type Probe Tip
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Model411A Section III
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SECTION III

OPERATION

3-1. PRELIMINARY CONSIDERATIONS.

3-2. For the majority of your uses(measuringcontin
uous sine waves) the ~ Model 411A will indicate the
root-mean-square value directly. When measuring
unusual waveforms, a correction factor may be nec
essary. See paragraph 3-27, Interpreting the Read
ing, for further details.

3-7. BNC OPEN CIRCUIT PROBE TIP. Hewleu
Packard stock number 411A-21E. Frequency range
500 kc to 500 mc. Maximum voltage 200 volts dc or
30 volts peak ac. Typical frequency response with
voltage and frequency is as shown in figure 3-1.

3-8. Typical input resistance varies with voltage
and frequency as shown in figure 3-2.

CAUTION

BE SURE TO GROUND THIS INSTRUMENT
BEFORE USE.

3-3. Good rf measurements require proper ground
ing. The Model 411A contains a line filter to elim
inate stray rf from the power line. Therefore,
you must ground the instrum~nt chassis properly to
make significant measurements. In addition, the
filter configuration is such that if you do not ground
the instrument, its chassis assumes a voltage of
about one-half the line voltage, and you can damage
circuits under test.

·3-4. To ground your instrument properly use a NEMA
receptacle with a third-prong ground. If, however,
you use the two-prong power adaptor be sure to
ground the third wire pigtail.

3-5. PROBE TIPS.

3-6. Five probe tips are available fortheModel 411A.
These probe tips enable you to use the Mode1411A
for almost any measuring application. Data to guide
you in the selection of the proper probe tip follows
(shaded areas indicate possible variations due to
temperature). If you wish to make your own probe
tip the necessary data is also given. The following
probe tips are available:

3-9. TYPE N fiT" PROBE TIP. Hewlett-Packard
stock number 411A-21D. Frequency range 1 mc to
1000 mc. SWR is less than 1.15 when terminated in
50 ohms. Maximum input 10 volts dc and 30 volts
ac. Typical frequency response with voltage and
frequency is as shown in figure 3-3.

3-10. SWR is less than 1.15 when terminated in 50
ohms. Insertion loss is less than 1 db (less than 0.1
db up to 150 mc).

3-11. PEN-TYPE PROBE TIP. Hewlett-Packard stock
number 411A-21B. Frequency range 500 kc to 50 mc.
Maximum input 200 volts dc and 30 volts peak ac.
Typical frequency response with voltage and frequency
is as shown in figure 3-4.

3-12. Typical input resistance varies with voltage
and frequency as shown in figure 3-5.

3-13. VHF PROBE TIP. Hewlett-Packard stock
number 411A-21C. Frequency range500kcto250 mc.
Maximum input 200 volts dc and 30 volts peak ac.
Typical frequency response with voltage and frequency
is as shown in figure 3-6.

3-14. Typical input resistance varies with voltage
and frequency as shown in figure 3-7.

·3-15. CAP ACITIVE DIVIDER(100: 1). Hewlett-Packard
stock number 411A-21F. Frequency range 500 kc to

6-5-17' G-5-211

ICOMC 1000MCIMC 10MC

FREQUENCY

+ I 1----.'---4----+---+_.....,

-I

o

+2 t----+----t---+_-~_1

-2 ~---+----t---+_--_1

-31--__-1-__4-__-4-__~

100KC

TYPICAL
RELATIVE
RESPONSE

lOB)

r!i! 411A-21F CAPACITIVE DIVIDER PROBE TIP
+3 ...·-----.......---r---'"""T-----.

100MC 1000 MC
11-----t-----i---+_----1
100KC IMC 10MC

FREQUENCY

r!i! 411A-21C VHF PROBE TIP
• SHUNT CAPACITANCE 2 ~2 pf

I MEGr--cc~~-.--~~--.~~~,--~~-,

lOOK

10 K ) +-_-.",+---':
TYPICAL

INPUT
RESISTANCE

(OHMS) 100 1---+---+---+-----1
101----1----+---+----1

~
1
1
I

Figure 3-7. Input Impedance of
VHF Probe Tip

Figure 3-8. Frequency Response of
Capacitive Divider
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Section III
Paragraphs 3-16 to 3-29

250 mc. Maximum input 1000 volts peak (dc + peak
ac). Shunt capacity 2 pf. Division accuracy ± 1%.
Typical frequency response with voltage and frequency
is shown in figure 3-8.

3-16. MAKING PROBE TIPS. For special applica
tions where none of these probe tips are suitable you
may make your own probe tip. The signal must be
coupled through a blocking capacitor to the center
conductor (terminal) of the diode cartridge. The
ground-return path should go to the outer conductor
of the cartridge. The blocking capacitor used should
be 130 pf ± 1%, !f$ stock no. 0150-0067, high leakage
resistance type (mylar), and have a high enough volt
age rating to block any dc. This blocking capacitor
is necessary for the operation of the millivoltmeter
and should· be used even if the signal source has no
dc component.

3-17. SELECTION OF PROBE TIP.

3-18. In choosing the proper probe tip, besides the
obvious selection of coaxial or non-coaxial types,
other properties of the probes must be considered.
For instance, at 25 mc either the pen-type tip or the
vhf tip may be used. However, the vhf has less shunt
capacity and therefore should be used in high imped
ance applications, or where the least disturbance to
the circuit is desired. In a similar manner all the
specifications for the probe tips should be considered
when selecting· the best one for the application.

3-19. INSTALLATION OF PROBE TIPS.

3-20. After the proper probe tip has been selected,
install it on the probe body by loosening the locking
collar and unscrewing the present probe tip, if any,
and screwing the new probe tip in its place. Screw
the new probe tip down until it just bottoms.

CAUTION

Excessive torque will destroy the cartridge.

3-21. Screw the collar up to lock the probe tip in
place. Keep the diode cartridge which fits into the
probe tip clean. Do not touch the cartridge when
installing the new probe tip. Run the locking collar
tightly against the rear of the probe tip (be sure the
probe tip does not rotate while the locking collar is
being tightened).

3-22. MECHANICAL METER-ZERO.

3-23. When meter is properly zero set, pointer rests
over the zero calibration mark on the meter scale
when instrument is 1) at normal operating temper
ature, 2) in its normal operating position, and 3)
turned off. Zero-set as follows to obtain best accur
acy and mechanical stability:

3-2

Mode1411A

a. Allow the instrument to operate for at least 20
minutes; this allows meter movement to reach normal
operating temperature.

b. Tum instrument off and allow 30 seconds for
all capacitors to discharge.

c. Rotate mechanical zero-adjustment screw clock
wise until meter pointer is to left of zero and moving
upscale toward zero.

d. Continue to rotate adjustment screw clockWise;
stop when pointer is right on zero. If pointer over
shoots zero, repeat steps c and d.

e. When pointer is exactly on zero, rotate adjust
ment screw approximately 15 degrees counter clock
wise. This is enough to free adjustment screw from
the. meter suspension. If ,pointer moves during this
step you must repeat steps c through e.

~3-24. ZERO ADJUSTMENT.

3-25. Procedure for adjusting the ZERO control is
given in figure 3-9. As this control is turned counter
clockwise it has control until the meter reaches zero.
When the meter reads below zero, the action of the
ZERO control is sluggish. However, the zero does
not always have to be set accurately. A slight error
in zero-setting becomes less important (at a square
law rate) as the input voltage is increased. For
example, if the zero-Set is off 1 minor division,
this would be about 0.8 IJ. v of dc, equivalent to about
0.2 mv of rf. At 1 mv of rf (1/10th full scale) about
15 IJV dc is developed at the probe output, meaning
that the error in zero-set would be only 5% of the
reading. At full scale it would only be about 0.05%•.

3-27. INTERPRETING READING.

3-28. No interpretation of the meter reading is
necessary with continuous sinusoidal signals. This
means for almost all of your-measurements the read
ing on the meter will be the rms value of the signal.
The usual conditions apply that the frequency of the
signal must be in the range of the instrument and the
dc component is not measured.

3-29. When a non-sinusoidal waveform is measured
the reading obtained must be interpreted with respect
to the particular waveform being measured. The dc
voltage developed by the signal is compared with an
almost equal dc voltage developed by the sinusoidal
voltage from the 100 kc oscillator. Since the wave
forms of the two voltages are different, the peak
voltage needed to develop these equal dc voltages is
different.

01193~1



I (
f, [

I
I
i
I

I
I

Model411A

I,U, ¥il(.'~

.~.. ' '.,
. .~ ,
'. ""ULl •••..•.•••••.•

'....... ." ',.:'
"',1"$"""1

n~o

C·•••~-0

Section III
Figure 3-9

The needle on the meter should be on zero when
the instrument is off. If it is not, proceed as
follows:

1. Adjust mechanical meter zero-set as in para
graph 3-22.

2. To check the electrical zero turn instrument
on and remove all input to the probe (short
probe tip if Vhf, place in radiation-free cavity
if coaxial).

3. Turn the RANGE switch to the I VOLT or
greater range. The meter pointer should be
on zero. If it is not, the cathode follower bias
must be reset. Turn RANGE switch to the
blank, fully clockwise, position as shown. In
this position the feedback loop is opened.

4. Adjust BIAS ADJ control (on rear) until meter
reads zero. To set the electrical ZERO con
trol, follow the instructions given in figure 3-10.

01193-1

Figure 3-9. Electrical Zero Adjustment

3-3



Section III
Figure 3-10

Mode1411A

Ul'OUS

.~~
", I""'" Jf"

·""'41'~~ .....

1. Remove input to probe (see figure 3-9). 5. Connect probe tip to point to be measured.
Connect ground lead (if any) to ground.

6. Read amount of voltage on appropriate scale.

7. If the rf voltage being measured is nonsinusoidal,
multiply the reading by the appropriate correc
tion factor (see paragraph 3-27, Interpreting
the Reading). This is the true value.

3 0

4. Turn RANGE switch to the range containing the
expected voltage (it is unnecessary to readjust
ZERO control).

2. Switch. RANGE switch to 0.01 volt range.

3. Turn the ZERO control fully clockwise. Now
turn ZERO control counterclockwise until the
meter reads zero.

3-4

Figure 3-10. Operating Procedure

01193-1
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SECTION IV

PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

4-2. This instrument consists essentially of a self
balancing servo system using semiconductor diodes
as detector elements. The servo output, which is pro
duced by detecting a low-frequency feedback signal, is
compared to the detected rf and adjusted automatically
so as to make the difference voltage very nearly zero.
The detection characteristics of the two diodes, the rf
dfiltector, and the feedback detector are carefully
matched by calibration. Thus, since these outputs
are equal, the low-frequency feedback signal must
have the same effective amplitude as the input rf.
Linear readings are obtained by metering the low
frequency feedback (which is linear) at a high level.

4-3. Referring to the block diagram, figure 4-1, the
ac voltage to be measured is coupled through the
probe-tip capacitor and applied across the. rf diode
detector CR1 to be rectified. The rectified signal
is compared in the modulator (VI and V2) with a
rectified 'signal coming from the comparison diode

(CR2). The difference between these two dc signals
is amplified in the chopper amplifier (V3A& Band
V4A). The amplified signal is demodulated by the
demodulator (V5 &6) and fed to the cathode follower
output stage (V4B).

4-4. The direct current output of the cathode follower
goes to the 100 kc oscillator (Q1) and the modulator
(Q2). This signal controls the amplitude of the 100 kc
fed to the power amplifier (V7). The output of V7,
taken from the cathode, is rectified by CR14 and the
direct current causes the meter to read upscale.

4-5. The 100 kc signal is also fed, through the range
attenuator, to the ac feedback diode detector CR2.
This diode rectifies the 100 kc and feeds a direct
current, which is proportional to the 100 kc, through
R9 and Rt7 to the comparatoiandmodulatorV2. This
dc signal is compared with the de signal developed by
therf signal being measured. The difference between
these two dc signals is the signal which is chopped and
amplified in the chopper amplifier.

I
I RF -

DC

>i DIODE

LDETECTOR --. rD,IiIP.4R.HD,~ LOOP- GAIN CATHODE
I AND f0- EQUALI ZING - AMPLIFIER r-- OEMODULATOR1- FOLLOWER
I I MODULATOR ATTENUATOR OUTPUT
I AC FE EDBACK

I
I DIODE -7V~+200V I

- J DC
I DETECTOR DC -7VI '.

, ~rBIA~I IZEROI I
I I

L__ ;.J

MODULATEDL ____1---_ ... I
~f-
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OSCILLATOR
I AMPLIFIER

" 'I' ..
'J..- ,
I

RANGE SWITCH o---~.
TUNEDI
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.- r AMPLIFIER

I
I
I
I
I
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I FOllOWER
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ATTENUATOR , • r-

.0

"

RECORDER METER,
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\
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>-n-~

TIP

-~

-;ii"
- :;~,

FIgure 4-1. Block Diagram
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Section IV
Paragraphs 4-6 to 4-26

4-6. Since the gain of the amplifier is high and the
feedback loop is connected as a servo system, the
level in the amplifier will automatically adjust itself
until the de developed by the 100 kc very nearly equals
the de developed by the signal being measured.. The
range attenuator sets the ratio of the 100 kc feedback.
The loop-gain equalizing attenuator keeps the loop
gain constant when the range attenuator is switched.

4-7. PROlE.

4-8. Referring to the schematic diagram, note that
the probe tips may be substituted for one another so
that the particular one best suited for a particular
application may be used. All probe tips contain a
blocking capacitor. In addition to blocking dc, this
capacitor is the charging capacitor for the rfdetector
diode CRl.

4-9. In the probe body itself there is a cartridge
containing the two detector diodes and associated
components in close thermal contact. As the ambient
temperature of the probe changes, the temperature
of both diodes changes in a similar manner tending to
balance out the changes in rectification characteristics
with temperature.

4,,10, MODULATOR.
4-11. The signal to be measured, which is coupled
through the probe-tip capacitor, is rectified by CR1.
The resultant de is filtered by RIO and Cll, and
applied to a chopper-type modulator containing two
photo-conductive cells, VI and V2, which are alter
nately exposed to light. The output of the modulator
is a square wave which is proportional to the differ
ence between the rectified comparison signal and the
rectified incoming signal.

4-12. CHOPPER AMPLIFIER.

4-13. The modulator output is amplified by the chop
per amplifier. This amplifier is a standard audio
amplifier with a gain-equalizing attenuator between
stages. This attenuator, together with the attenuator
in the feedback path, keeps the loop gain approximately
constant as the ranges are switched. Note that as
attenuation is switched into the gain-equalizing atten
uator, it is switched out of the feedback path.

4-14. DEMODULATOR.

4-15. The demodulator assembly converts the chop
ped and amplified signal back to de and consists of
two photocells as in .the modulator. They are illu
minated by the same light chopped as the modulator;
however, in this case the input is a chopped signal
and the output is de. In respect to phasing, when VI
is illuminated (low resistance) V6 is also illuminated,
while V2 and V5 are dark. On the other half-cycle
VI and V6 are dark while V2 and V5 are illuminated.
The chopper is a synchronous motor which chops a
light beam at the rate of 5/6th of the line frequency.
The line frequency is avoided to prevent any de off
s~t due to hum in the amplifier.

4-2

Mode1411A

-4-16. CATHODE FOLLOWER.

4-17. The de signal from the demodulator is fed to a
cathode follower V4B which provides a low impedance
input to the modulator Q2 and the down-scale meter
circuit, CR11 & 12 and R55. The down-scale meter
circuit works as a switch to furnish a current which
drives the needle on the meter down-scale instead of
up-scale.

-4-18. Since the normal signal circuit will only move
the meter needle up-scale, some provision must be
made to indicate a down-scale drift, otherwise the
system may drift off zero in the negative direction
without any indication on the meter.

-4-19. The grid of the cathode follower V48 is kept
from going positive by the clamp CR3. This prevents
the voltage at the cathode from rising so high as to
exceed the collector voltage ratings of Q1 and Q2.
The normal output from the cathode follower (pin 1)
is positive. However, if for any reason this voltage
goes negative, CR11 will conduct and drive the meter
down-scale. Crystal rectifier CR12 is merely a
clamp to ensure that this circuit only drives the
meter down-scale. ActuaIly, around zero voltage
both circuits are driving the meter which gives pos
itive control of this meter indication even at low
signal levels.

4-20. MODULATOR AND 100 KC OSCILLATOR.

4-21. A direct current signal is also fed from the
cathode follower to both the modulator and 100 kc
oscillator. This signal amplitude modulates the
100 kc signal generated by Ql. This modulated sig
nal then passes through a tuned filter consisting of
C66, L3, and C68 to the power amplifier. This
filter removes any harmonics of 100 kc present in
the signal.

-4-22. POWER AMPLIFIER.

4-23. Tube V7 is a tuned rf amplifier which amplifies
the 100 kc signal. This amplifier furnishes a signal
to the up-scale meter circuit consisting of R51 & 53,
CR13, CR14, and C51. This meter circuit is an
average detector operating at a high level.

4-24. A similar circuit is also provided for the re
corder output circuit except that this circuit also has
a variable attenuator R54 which may be used to cali
brate the recorder.

-4-25. FEEDIACK.

4-26. The output from the power amplifier is div
ided by cn, 73, and 74 into two voltage levels
approximately 10 db apart. These two voltages are
the input for the feedback attenuator consisting of
C82 through C91. The feedback attenuator selects
one of these voltage levels and one or more of the
capacitors for each range. There is an additional
(unmarked) position at the 10 VOLT end of the feed
back attenuator where the feedback loop may be
opened for test purposes.
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SECTION V

MAINTENANCE

Section V
Paragraphs 5-1 to 5-7

5-1. INTRODUCTION.

5-2. Components within Hewlett-Packard instruments
are conservatively operated to provide maximum in
strument reliability. In spite of this, parts within an
instrument may fail. If you adopt a systematic ap
proach to troubleshooting, the instrument can be re
paired with a minimum amount of "down time".

5-3. Check the tubes if an instrument is completely
inoperative and there is no obvious fault, such as a
burned-out fuse, defective power cable, or power
line failure. Tube replacement will, in most cases,
restore operation. See paragraph 5-11 for tube re
placement information. Information in paragraph
5-16, Troubleshooting, in this manual will assist you

. when troubles are more complex.

5-4. If the instrument is operating, the zero-adjust
ment procedure, figure 3-9, is a fast method of
checking the basic adjustments and operation of the
instrument.

5-5. Standard, readily available components are used
for manufacture of Hewlett';' Packard instruments when
ever possible. These parts can be obtained from your
Hewlett-Packard sales office or directly from the
factory. Your Hewlett-Packard sales o(fice maintains
a parts stock for your convenience.

5-6. TEST EQUIPMENT.

5-7. Test equipment recommended for use in main
taining and servicing the Model 411A is listed in
table 5-1. Equipment having similar characteristics
can be substituted for the equipment listed.

Instrument Type Required Characteristics Use Model

AC Voltmeter ±3% accuracy at 100 kc, Measuring ac signals ~ Model 400D/H/L
0.001-30 volt

OC Voltmeter ±2% accuracy, 0.003 to 1000 volt Measuring de voltages ~ Model412A

Oscillator 500 kc at 10 volt Calibration ~ Model 200cD

Attenuator Adjustable to at least 60 db in Calibration ~ Model 355B
1 db steps

Variable Continuously adjustable from Checking for operation on Superior Electric
Transformer 100 to 130 volts, equipped with high and low lines. 3PN116

a monitor voltmeter accurate
within ± 1 volt

Test Oscillator 10 mc to below 100 kc Low frequency response ~ Model 650A

Signal generator 10 to 480 mc and High frequency response ~ Model608C
480 to !OOO mc fjJ Model 612A

Type N <IT" Flat frequency respbnse ± 1 db Frequency response ~ 411A-21D
Connector 1 mc-l kmc

Standing Wave Reads swr on slotted line used Frequency response ~ Model 415B
Indicator

Slotted Line Operating frequency 1 kmc to Frequency response <Fi> Model 805C
500 mc ot below

Coaxial Slide- Operating frequency 1 kmc to Frequency response <Fi> Model 872A
Screw Tuner 500 mc or below

Power Meter Operating frequency 1 kmc to Frequency response ~ Model 431C with
500 mc or below ~ Model 478A

01193-1
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Section V
Paragraphs 5-8 to 5-20

5-8. REMOVING THE CABINET.

5-9. Disconnect the power cord while removing the
cabinet. The cabinet is held in place by two screws
in the back. Remove these two screws and slide the
instrument forward out of the cabinet.

WARNING

Dangerous potentials are exposed when this
instrument is removed from the cabinet.

5-10. CARTRIDGE AND/OR CAlLE REPLACEMENT.

5-11. To remove the cartridge first remove the probe
tip, if any. Loosen the cartridge and the probe handle
from the cable by loosening the number 4 allen screws
in the handle and in the shell around the cartridge.
Note that to loosen the cartridge the allen screw must
be screwed in (clockwise, opposite to the normal
manner of loosening a screw). Push the cable through
the handle. Remove the cartridge without getting
fingerprints on it by using gloves or a handkerchief
to pull the cartridge from the socket. Install the new
cartridge in the reverse order.

5-12. To replace the probe cable cut the individual
wires going to the 411A-65C board where they come
from the shield. Loosen the two nuts holding the cable
to the front panel and slide the nuts off the cable.
Pull the cable from the front panel. Install new cable
in reverse order soldering the wires from the cable
in place of the wires with the same color which are
still attached to the 411A-65C board.

5-13. TUBE REPLACEMENT.

5-14. Check tubes by substitution rather than by using
a "tube checker". The results obtained from the
"tube checker" may be misleading. Before removing
a tube mark it, so that ifthe tube is good it can be re
turned to the same socket. Replace only tubes proved
to be weak or defective.

5-15. Any tube with corresponding standard EIA
(JEDEC) characteristics can be used as a replacement.

Mode1411A

Refer to table 5-2 Component Replacement for addi
tional tests which may be required when changing
tubes or transistors.

5-16. TROUBLESHOOTING.

5-17. Adopting a systematic approach to trouble
shooting will enable you to find the trouble in the
shortest possible time and eliminate the possibility of
damaging the transistors or other parts of the instru
ment. Whenever trouble is suspected perform the
following steps in the order given until the trouble is
located.

5-18. Inspect for burned-out tubes, burned-out modu
lator light bulbs, overheated resistors, etc.

5-19. MEASURE POWER SUPPLY VOLTAGES,

5-20. If the instrument is not completely dead the
trouble may be either in the -power supply or in the
instrument itself. Check the power supply voltages
first, as follows:

a. Turn the RANGE switch to the extreme clock
wise (unmarked) position. In this switch position the
feedback is disconnected. With normal ac input volt
age measure the following voltages with a dc voltmeter:

(1) +340 volt supply at pin 7 of VIOL This voltage
. must be greater than + 320 volts,less than + 360

volts. This voltage must not change more than
45 volts for a change in line voltage from 115
to 102 volts (230 to 204 volts for 230 volt model).
Plug the Model 411A into the variable trans
former as a power source for this measurement.
If the dc voltage change is greater than 45 volts
try replacing VIOL

(2) +210 volt supply at pin 1 of VI02. This voltage
must be greater than + 194 volts,less than +222
volts. The dc voltage change must not exceed 3
volts for a change in line voltage from 102 to
128 volts. If the dc voltage change is too great
try replacing V3.

-ll

-~.\

Table 5-2. Component Replacement

When replacing the following components perform the additional test indicated.

Reference Designator Component Name Perform These Tests

Ql Transistor Retune Modulator!Amplifier par. 5-26
Q2 Transistor Retune Modulator!Amplifier par. 5-26

~~}RePlace411A-23C
Photocell None
Photocell None

V3 Vacuum Tube Readjust Hum Balance par. 5-35
V4 Vacuum Tube Readjust Bias par. 5-34
V5 Photocell None
V6 Photocell None
V7 Vacuum Tube Retune Modulator!Amplifier par. 5-26

-~.

•
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(3) + 200 volts at CIS. This voltage must be greater
than +164 volts, less than +210 volts. If not, try
changing VIOl, 102, or 103.

(4) -7 volts at the counterclockwise arm terminal
with two WIres of ZERO control 1. is
vo tage must more negative than - • volts

.and less than -7.5 volts. This voltage must not
change more than 0.1 volt for a line voltage
change of 102 to 128 volts (204 to 256 volts for
230 volt model). If riot change CR4.

b. With an ac voltmeter measure the voltages at
terminals 4 and 5 on T10l. The sum of these voltages
should be between 5.9 and 6.7 vrms with 1-15 volt input
(230 volt on 230 volt model). If not, check for shorts
in tubes and wiring or replace T10l.

5-21. MEASURE RIPPLE.

5-22. With the Model 411A still set to the unmarked;
open loop, position measure the ripple voltages with
the ac voltmeter. Use a shielded lead and connect
the shield lead to the ground lug near CIS on the
outside of the 411A chassis. .

5-23. With an ac voltmeter check the following
voltages:

a. +340 volt supply at pin 7 of VIOL The ripple
voltage should be 1.5 vrms or less. If not, 'check
C102, VIOL

b. +210 volt supply at pin 1 of V102. The ripple
voltage should be 30 millivolts rms or less. If not,
check C101, 102, 103 and VI02, 103.

c. -7 volt supply at the counterclockwise arm
terminal with two wires of the ZERO control (R13).
The ripple voltage must be 3 millivolts or less. If
not, check CR4.

d. +200 volt supply at CIS. The ripple voltage
must be 0.3 millivolts rms or less. If not, check CIS.

Note

Move RANGE switch off open-loop position.

5-24. DOWNSCALE METER CIRCUIT.

Note

All of the following procedures assume no
input to the probe. If the instrument picks
up signals of any kind, short out the probe
tip with as short a lead length as possible,
or place the tip in a radiation-free cavity.

01193-1

Section V
Paragraphs 5-21 to 5-29

5-25. Short out the demodulator assembly (V5 and V6)
by connecting a clip lead between the lead on the de
modulator assembly A2 going to C46 and the center
terminal of A2. The meter should indicate below zero
with the Bias Adj. control on the rear apron set fully
counterclockwise. Set Bias Adj. control to obtain a
zero meter indication. Remove the clip lead.

5-26. MODULATOR/A,\I1PLIFIER TUNING.

5-27. Since this instrument is fundamentally a servo
system, a fault anywhere in the instrument will cause
a faulty reading on the meter. Finding the particular
stage causing the trouble may be difficult with an
instrument so dependent upon feedback. The following
procedure will enable you to break the feedback loop
and determine whether the fault is in the feedback loop
or the probe and chopper sections. This test disables
the probe and chopper sections and measures the re
action of the feedback section.

a. Disable the chopper/amplifier section by short
ing the terminal on the demodulator A2 which goes to
C46 and the center terminal of A2.

b. Set Bias Adj. control on rear apron fully clock
wise, and the RANGE switch to the 3 VOLTS position.

c. Connect an ac voltmeter (30 volt range) to mea
sure the voltage to ground at the <flO-volt bus" (wire
going to terminal marked BRN/WHT on 411A -65E
etched circuit board).

d. Connect a dc voltmeter (+ 300 volt range) tomea
sure the voltage to ground at pin 5 of V7.

e. Adjust L3 for a peak indication of, the ac volt-
meter. "

f. Adjust L4 for a peak indication on the dc volt
meter.

g. Repeat step e and step f until final "touch up" of
tuning causes no further increase of readings on the
voltmeters. Tuning of one coil interacts with the
tuning of the other coil.

5-28. When tuning is completed, voltage on the dc
voltmeter must be greater than +21Ovolt and less than
+ 280 volt. If this voltage is high do NOT detune L3 or
L4 to meet these limits. The trouble causing this high
voltage must be eliminated. The voltage on the ac volt
meter should exceed 11 vrms. If this voltage fails to
exceed 11 vrms despite careful tuning, the trouble could
be a poor V4 or V7. Under these conditions, if the dc
voltage on pin 1 of V4B is more than +4.3 volts, then
V4B is satisfactory.

5-29. Return the instrument to normal operating
condition:

a. Lock the adjusting screws ,on L3 and L4; do this
CAREFULLY so as riot to disturb adjustment.

b. Disconnect the meters and the clip lead.

c. Adjust Bias Adj. control on rear apron to set
meter to zero with RANGE switch set full clockwise.

5-3
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Figure 5-1

SERVICING ETCHED CIRCUIT BOARDS

Mode1411A

Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a low power
soldering iron (50 watts maximum) and following these instructions. Copper that lifts off the board should
be cemented in place with a quick drying acetate base cement having good electrical insulating properties.

A break in the copper should be repaired by soldering a short length of tinned copper wire across the break.

Use only high quality rosin core solder when repairing etched circuit boards. NEVER USE PASTE FLUX.
After soldering, clean off any excess flux and coat the repaired area with a high quality electrical varnish
or lacquer.

When replacing components with multiple mounting pins such as tube sockets, electrolytic capacitors, and
potentiometers, it will be necessary to lift each pin slightly, working around the components several times
until it is free.

WARNING: If the specific instructions outlined in the steps below regarding etched circuit boards without
eyelets are not followed, extensive damage to the etched circuit board will result.

1. Apply heat sparingly to lead of component to be
replaced. If lead of component passes through
an eyelet in the circuit board, apply heat on com
ponent side of board. If lead of component does
not pass through an eyelet, apply heat to con:
dUCtor side of board.

3. Bend clean tinned leads on new part and care
fully insert through eyelets or holes in board.

~
~1~4t1lLw~lfp;m:Zj

2. Reheat solder in vacant eyelet and quickly in
sert a small awl to clean inside of hole. If hole
does not have an eyelet, insert awl or a #57
drill from conductor side of board.

4. Hold part against board (avoid overheating) and
solder leads. Apply heatto component leads on
correct side of board as explained in step 1.

~
::::;: ::;:;:;:;:;:,:::,:,:,:,;, ,~

---.~

In the event that either the circuit board has been damaged or the conventional method is impractical, use
method shown below. This is especially applicable for circuit boards without eyelets.

1. Clip lead as shown below.

,------,....----CLIP

~HERE

2. Bend protruding leads upward. Bend lead of
new component around protruding lead. Apply
solder using a pair of long nose pliers as a
heat sink.

This procedure is used in the field only as an alternate means of repair. It is not used within the factory.

Figure 5-1. Servicing Etched Circuit Boards
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Section V
Paragraph 5-43 cont'd

c. Connect the probe of the 411A across the same
vOltage as the ac voltmeter (see figure 5-2). Make
the mechanical and electrical zero-sening just before
connecting the probe (see figure 3~9).

Model41lA

o
d. Set the RANGE switch on the Model 411A to the

10 VOLT range.

e. Adjust the anenuator and the AMPLITUDEcontrol
on the oscillator until the ac voltmeter reads exactly
10 volts (taking into account any correC[ion factors).

~ !

)
,-\

"
,

10'
yo II

'"

~20OCO ~""'H

@ ~3556 g
600n 0 0

IlIl 0 0
0

INPUT G

Figure 5-2. Calibration Test Setup

~
I

10'

,03V

,
.3'

3'

@J411A

o 0

o.
.l>-s ....

f. Read the value indicated on the 411A. If this
reading is within ±3% of 10 volts proceed to the next
lowest range; if not. adjust R53 (on chassis near
rear of range switch) until it does. Adjustment of
R53 (10 volt Cal) affects all ranges. The other cali
bration adjustments are non-interacting.

g. Repeat steps e and f on all of the other ranges
adjusting the calibration adjustments, if necessary,
as follows: Range (volts) Adjustment (figure 5-3)

3 C87
1 C86
.3 C85
.1 C84
.03 C83

OUTPUT
TERMINALS

(
AMPLITUDE

.54

FIOI

I
1

CALIBRATE RANGES IV .IV .OIV I,IIP-S'938

Figure 5-3. Right Side Internal View
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5-45. FINAL TEST.

5-46. This series of tests should be performed at
incoming inspection, after repairing an instrument,
or at any other time that there is a question about the
proper operation of this instrument.

rf~
Paragraphs 5-45 to 5-47

c. Slowly adjust the position of the 872A to move
the 415B meter needle slightly to the right.

d. Repeat steps band c until in step c moving the·
872A carriage to either left or right can only cause
the 415B meter needle to move counterclockwise.

h. Measure the swr. If it exceeds 1.01 repeat
step g. The swr is measured as follows:

e
. f. Repeat steps b andl§Juntil in step e adjusting the

micrometer screw in either direction produces a
counterclockwise motion of the 415B meter needle.

e. Slowly adjust the 872A probe penetration (micro
meter screw adjustment) to move the 415B meter
needle slightly to the right. 00 NOT MOVE THE
CARRIAGE.

g. Flip the lever switch on the Model 415B to
EXPAND and repeat steps d and f. Continue the rep
etitiOIl of steps d and (until the swr (see step h) is
less than 1.01.a. Connect the instruments as shown in figure 5-4

with the signal generator turned to 500 mc (480 mc
with Model 608C).-· ---=-

5-47. In this procedure we first adjust the measuring
equipment to match the power meter to the 50-ohm
line. Then set exactly 90% of full-scale level on the
411A. Record the reading on the 431A.- Set this same
reading on the 431A at the upper frequency limit of
the particular probe .tip used. Read the indication on
the 411A. Readings should be within ±3% to 50 mc,
± 6% to 150 mc, and ± 1 db to 1 kInc. The lower fre
quency response may be checked by substituting a
test oscillator, such as the r$ Model 650A Test
Oscillator, in place of the signal generator. Proceed
as follows:

I

Set the RANGE switch on the 411A to .03 VOLTq.

(1) Move the 805C carriage to obtain a maximum
415B indication.

~431A
wrrH 478A

LO-M-40!5

~872A

(2) Adjust the 415B RANGE and GAIN controls to
obtain exactly full-scale indication with the
lever switch in thepXPAND position.

-(3) Move the 805C carriage to a position where
the 415B indication is a minimum and read
EXPANDED SWR scale. This is the swr.
This value should be less than 1.01. If not,
reduce this swrby retuning the 872A. DO
NOT PROCEED FURTHER UNTIL THIS RATIO
IS REDUCED TO 1.01 OR BELOW.

RF OUTPUT

o

b. Slide the Model 805C carriage to a position at
which the 415B indicates a minimum (maximum
counterclockwise deflection).

Q[]Q
@

®

Note

During the following steps it may be nec
essary at times to readjust the 415's RANGE
and GAIN controls to maintain nearly full
scale deflection. Adjust the output from the
signal generator so that the final reading on
the Model 415B ends up with the RANGE
switch set to 50. The level on this range will
be far enough out of the noise to give a good
reading but not high enough to drive the de
tector crystal out of its square-law region.

~608C/612A

-.f

i
1

te.., .... ,..,\' ,
~

INPUT \....::==...........
~'f'rIIA UNDER TEST

-~" 0
INPUT ....e.........-.£.

~415B

Figure 5-4. Test Setup for Final Test
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Model 411A

AI

I,lP-$-939

•

)
.J

ItllO 0016

HOt

••

CHANGE THESE JUMPERS
IF UNIT NOT EQUIPPED

WITH 115V-230V SWITCH OPTION

R4'
BIAS ADJ.

OUTPUT
TERMINALS

Figure 5-5. Left Side Internal View

j. Set the signal generator for CW output and adjust
the level until the 431 A reads approximately 16.2
micrOwBtts. The 411 A should read within I db (Il%)
of 90% of full scale on the 0 to I scale of the 411A.
If nOt, recheck calibration.

Note

This reading and all those which follow
should be checked with the 41lA at 102 and
128 volts ac input set by means of a variable
transfonner. These readings should also
be within the specifications. If not, refer
to paragraph 5-16 Troubleshooting.

limit of the signal generator. whichever is lower) and
adjust the output level to the same reading obtained In
step k.

n. The reading on the 411A should be within I db
(11%) of 90%. From 50 to 150 mc the reading should
be within 6%. and from 1 mc to 50 mc the reading
should be within 3%. If the reading is not within these
limits repeat the procedure to make sure no error in
testint; has occurred. If no error in testing can be
found, replace the probe cartridge and recalibrate
(paragraph 5-43) the instrument. I

I
k. Adjust the OUtput of the signal generator to ex

actly 90% of fuJI scale on the 411A. Note the reading
on the Model 431A.

m. Change the frequency of the signal generator to
the frequency limit of the probe tip (or the frequency

5-48. The previous procedure tests the probe on the
square-law IXlrtion of Its characteristics. To test
the probe on its straight line IXlrtion of its character
istics repeat the above tests with the 411 A set to the
.3 VOLT range and 1.62 mllllwatts Input as read on
the Model 431A.
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Model411A Section VI
Paragraphs 6-1 to 6-7

SECTION VI

REPLACEABLE PARTS

6-1. INTRODUCTION. 6-4. ORDERING INFORMATION.

~2. This sectiQn contains information for ordering
replacement parts. Table 6-1 lists parts in alpha
numerical order of their reference designators and
indicates the description and t$ stock number of each
part, together with any applicable notes. Table 6-2
lists parts in alpha-numerical order of their t$ stock
numbers and provides the following information on
each part:

6-5. To order a replacement part, address order or
inquiry either to your authorized Hewlett-Packard
sales representative or to

CUSTOMER SERVICE
Hewlett-Packard Company
395 Page Mill Road
Palo Alto, California

a. Description of the part (see list of abbreviations
below).

b. Manufacturer of the part in a five-digit code;
see list of manufacturers in appendix.

c. Typical manufacturer's stock number.

d. Total quantity used in the instrument (TQ column).

e. Recommended spare part quantity for complete
maintenance during one year of isolated service
(RS column).

6-3. Miscellaneous parts not indexed in table 6-1 are
listed at the end of table 6-2.

or, in Western Europe, to

Hewlett-Packard S.A.
Rue du Vieux Billard No.1
Geneva, Switzerland.

6-6. Specify the following information for each part:

a. Model and complete serial number of instrument.

b. Hewlett-Packard stock number.

c. Circuit reference designator.

d. Description.

6-7. To order a part not listed in tables 6-1 and 6-2,
give a complete description of the part and include its·
function and location.

A
B
C
CR
DL
DS
E

= assembly
= motor
= capacitor
= diode
= delay line
= device signaling (lamp)
= misc electronic part

F
FL
J
K
L
M

= fuse
= filter
= jack
= relay
= inductor
= meter

REFERENCE DESIGNATORS

P = plug
Q = trans istor
R = resistor
RT = thermistor
S = switch
T = transformer

v = vacuum tube, neon
OOlb, photocell, etc.

W = cable
X = socket
XF = fuseholder
XV = tube socket
XDS = lampholder

lin = linear taper
log = logarithmic taper

m = milli = 10- 3

M = megohms
ma = milliamperes
minat= miniature
mfg = metal film on

glass
mfr = manufacturer

ABBREVIATIONS

mtg = mounting
my = mylar

obd = order by de-
scription

p = peak
pc = printed circuit

board
pf = picofarads =

10- 12 farads
pp = peak- to- peak
piv = peak inverse

voltage
pos = position( s)
poly = polystyrene
pot = potentiometer

rect = rectifier

rot = rotary
rms = root- mean- square
rmo = rack mount only

td = time delay
Ti0

2
= titanium dioxide

tog = toggle
tol = toleranc e
trim = trimmer
twt = traveling wave tube

var = variable
w/ = with
W = watts
ww = wirewound
w/o = without

* = optimum value
selected at factory,
average value
shown (part may
be omitted)

s- b = slow - blow
Se = selenium
sect = section( s)
Si = silicon
sl = slide

= normally closed
= neon
= normally open
= negative positive

zero- zero tem
perature coefficient

= not separately
replaceable

nsr

NC
Ne
NO
NPO

impg = impregnated
incd = incandescent
ins = insulation ( ed)

elect = electrolytic
encap= encapsulated

h = henries
Hg = mercury

K = kilo

Ge = germanium
grd = ground (ed)

f = farads
fxd = fixed

bp = bandpass
bwo = backward wave

oscillator

EIA = Tubes and transistors
selected for best
performance will be
supplied if ordered
by ~ stock numbers;
tubes or transistors
meeting Electronic
Industries' Associa
tion standards will
normally result in
instrument operating
within specifications

del> = deposited
det = detector

c = carbon
cer = ceramic
cmo = cabinet mount only
coef = coefficient
com = common
comp = composition
conn = connection
crt = cathode - ray tube

....

01193-1 6-1



Table 6-1. Reference Designation Index

Section VI
Table 6-1

Circuit
Reference

Al

A2

A3

Bl thru BI00

BIOI

Cl thru C9

CI0

C11

C12

C13

C14

C15

C16

C17 thru C20

C21

C22

C23

C24 thru C30

C31

C32

C33

C34 thru C43

C44

C45

C46

C47 thru C50

C51,52

C53 thru C60

C61

C62

6-2

~ Stock No.

411A-23C

412A-23B

411A-21A-3

0150-0067

0170-0030

0170-0077

0170-0029

0140-0091

0180-0011

0180-0033

0150-0052

0150-0050

0150-0012

0150-0012

0180-0033

0160-0015

0150-0024

0150-0012

0160-0029

0150-0052

0140-0170

0170-0079

Description

Assy, modulator: includes VI, 2

Assy, demodulator: includes V5, 6

Assy, detector cartridge: includes CRl, CR2, RIO

Not assigned

nsr; part of chopper assy (see Misc.)

Not assigned

fxd, cer, 130·pf :1:2%, 500 vdcw

fxd, poly, O. 1 Ilf :I: 1~, 50 vdcw

fxd, poly, 0.047 1J.f :I: 1~, 50 vdcw

fxd, poly, 0.01 1J.f :I: 10%, 50 vdcw

fxd, mica, 820 pf :I: 5%, 500 vdcw

fxd, elect, 20 1J.f, 450 vdcw

fxd, elect, 501J.f, 6 vdcw

Not assigned

fxd, cer, 0.05 1J.f :1:20%, 400 vdcw

fxd, cer, lK pf, 600 vdcw

fxd, cer, 0.01 1J.f :l:2~, 1000 vdcw

Not assigned

fxd, cer, 0.0l1J.f :l:2~, 1000 vdcw

fxd, elect, 50 1J.f, 6 vdcw

fxd, paper, 0.47 1J.f :I: 1~, 200 vdcw

Not assigned

fxd, cer, 0.02 1J.f + 80%-20%, 600 vdcw

fxd, cer, 0.01 1J.f :1:20%, 1000 vdcw

fxd, paper, 1 1J.f :1:20%, 200 vdcw

Not assigned

fxd, cer, 0.05 1J.f :1:20%, 400 vdcw

Not assigned

fxd, mica, 5. 6K pf :1:5%, 300 vdcw

fxd, my, 0.0471J.f :l:2~, 50vdcw

# See introduction to this section

Model411A

Note

01193-1
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Model411A

Table 6-1. Reference Designation Index (Cont'd)

Section VI
Table 6-1

I,.

('
\

Circuit
~ Stock No. Description NoteReference

C63 thru C65 0150-0052 fxd, cer, 0.05 IJi ±20%, 400 vdcw

C66 0140-0159 fxd, mica, 3K pf ±2%, 300 vdcw

C67 0150-0052 fxd, cer, 0.05 IJi ±20%, 400 vdcw

C68 0140-0092 fxd, mica, 240 pf ±5%, 500 vdcw

C69,70 Not assigned

C71 0150-0052 fxd, cer, 0.051Ji ±20%, 400 vdcw

C72 thru C74 0140-0162 fxd, mica, 4.7K pf ±10%, 300 vdcw

C75 0150-0052 fXd, cer, 0.05 IJi ±20%, 400 vdcw

C76 thru C80 Not assigned

C81 0170-0029 fxd, poly, O. 011Ji ±10%, 50 vdcw

C82 thru C85 0130-0006 var, cer, 5-20 pf, 500 vdcw

C86 0130-0001 var, cer, 7-45 pf, 500 vdcw

C87 0140-0036 fXd, mica, 110 pf ±5%, 500 vdcw

C88 0130-0001 var, cer, 7-45 pf, 500 vdcw

C89 0140-0036 fXd, mica, 110 pf ±5%, 500 vdcw

C90 0140-0171 fXd, mica, 0.01 IJi ± 10%, 300 vdcw

C91 0140-0152 fxd, mica, 1K pf ±5%, 300 vdcw

C92 thru C100 Not assigned

C101 0150-0052 fXd, cer, 0.051Ji ±20%, 400 vdcw

C102 0180-0024 fxd, elect, 40 1Ji, 450 vdcw

C103 0150-0052 fxd, cer, 0.05 IJi ±20%, 400 vdcw

CR1,2 nsr; part of A3 assy

CR3 1901-0023 Diode, Si

CR4 G-29G-79 Diode, Si

CR5 thru CR10 Not assigned

CR11 thru CR16 1910-0004 Diode, Ge: 1N90

DS1 thru DS100 Not assigned

DS101 thru DS104 2140-0012 Lamp, indicator: 6.3V, 0.15 amp, No. 12

DS105 2140-0012 Lamp, indicator: 6.3V, 0.15 amp, No. 12

# See introduction to this section

01193-1 6-3



Table 6-1. Reference Designation Index (Cont'd)

Section VI
Table 6-1

Circuit
Reference

F1 thru F100

F101

FL1

J1

J2

L1

L2

1.3

L4

L5

M1

Q1,2

R1 thru R8

R9

RIO

R11

R12

R13

R14

R15

R16

R17

6-4

t$ Stock No.

2110-0007

2110-0008

411A-27A

AC-10C

AC-54A

AC-54D

G-10G

9140-0020

9140-0037

9140-0087

9140-0013

9140-0040

G-81C

1850-0062

0687-4721

0687-2261

0727-0249

2100-0044 .

0687-1051

0687-4711

0687-2261

0687-4741

Description

Not assigned

Fuse, cartridge: 1 amp, s-b (for 115V operation)

Fuse, cartridge: 1/2 amp, s-b (for 230V operation)

Assy, line filter: includes J2

Binding post, black (cmo)
(rmo)

Insulator, binding post: black, double hole (cmo)
(rmo)

Insulator, binding post: black, single hole (cmo)
(rmo)

Binding post, red (cmo)
(rmo)

nsr; part of FL1

Inductor, fxd: 400 IJh

Inductor, fxd, 5 mh

Inductor, var: 7.5-14 mh

Inductor, var: 600 IJh ± 5%

Inductor, fxd: 42 IJh

Meter

Transistor: 2N404

Not assigned

fXd, comp, 4.7K ohms ± 10%, 1/2 W

nsr; part of A3 assy

fxd, comp, 22M ± 10%, 1/2 W

fxd, dep c, 667K ohms ± 1%, 1/2 W

var, comp, lin, 50K ohms ± 10%

fXd, comp, 1M ± 10%, 1/2 W

fxd, comp, 470 ohms ± 10%, 1/2 W

fxd, comp, 22M ± 10%, 1/2 W

fxd, comp, 470K ohms ± 10%, 1/2 W

# See introduction to this section

Model411A

Note

01193-1
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Circuit !Fj) Stock No. Description NoteReference

R18 0687-4751 fxd, camp, 4. 7M ±1~, 1/2 W

R19 0687-1031 fxd, camp, 10K ohms ±1~, 1/2 W

R20,21 0687-1051 fxd, camp, 1M ±1~, 1/2 W

R22 0687-1041 fxd, camp, lOOK ohms ±1~, 1/2 W

R23 0687-6821 fxd, camp, 6.8K ohms ±1~, 1/2W

R24 0687-2221 fXd, camp, 2.2Kohms ±1~, 1/2 W

R25 0687-6811 fxd, camp, 680 ohms ±1~, 1/2 W

R26 0687-2211 fxd, camp, 220 ohms ±1~, 1/2 W

R27 0687-1011 fxd, camp, 100 ohms ±1~, 1/2 W

R28,29 Not assigned

R30 0687-1051 fxd, camp, 1M ±1~, 1/2 W

R31 0687-4731 fxd, camp, 47K ohms ±1~, 1/2 W

R32 0687-2751 fxd, camp, 2.7M ±1~, 1/2 W

R33 0687-1021 fxd, camp, lK ohms ±1~, 1/2 W .
R34 0687-1041 fxd, camp, lOOK ohms ±1~, 1/2 W

R35 0687-8241 fxd, camp, 820K ohms ±1~, 1/2 W

R36,37 Not assigned

R38 0687-2261 fxd, camp, 22M ±1~, 1/2 W

R39 thru R43 Not assigned

R44,45 0684-4741 fxd, camp, 470K ohms ±1~, 1/4W

R46 2100-0194 var, camp, lin, lK ohms ±2~, 1/2 W

R47 0683-1031 fxd, camp, 10K ohms ±1~, 1/2 W

R48 0687-4721 fxd, camp, 4. 7K ohms ±10%, 1/2 W

R49,50 Not assigned

R51 0727-0158 fxd, dep c, 10. lK ohms ±1%, 1/2W

R52 0727-0148 fxd, dep c, 7842 ohms ±1%, 1/2 W

R53 2100-0011 var, comp, lin, 5K ohms

R54 2100-0167 var, comp, lin, 10K ohms ±3~, 1/3 W (rmo)

2100-0187 var, comp, lin, 10K ohms ±3~, 1/3 W (cmo)

I.,..
I

I

I
!
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Table 6-1. Reference Designation Index (Cont'd)

Circuit
~ Stock No. Description NoteReference

R55 0687-4721 fxd, comp, 4.7K ohms ±10%, 1/2 W

R56 thrti R59 Not assigned

R60 0687-2241 fxd, comp, 220K ohms ± 10%, 1/2 W

R61 0687-6801 fxd, comp, 68 ohms ±10%, 1/2 W

R62 0687-1021 fxd, comp, 1K ohms ±10%, 1/2 W

R63 0687-6801 fxd, comp, 68 ohms ±10%, 1/2 W

R64 0690-8231 fxd, comp, 82K ohms ±10%, 1 W

R65 0687-1021 fxd, comp, 1K ohms ±10%, 1/2 W

R66 0687-1011 fxd, comp, 100 ohms ±10%, 1/2 W

R67 0687-6811 fxd, comp, 680 ohms ±10%, 1/2 W I,

R68 thru R70 Not assigned
I'

R71 0693-1031 fxd, comp, 10K ohms ±10%, 2W

R72 thru R99 Not assigned .
R100 0687-1011 fxd, comp, 100 ohms ±10%, 1/2 W

R101 0816-0017 fxd, WW, 6.3K ohms ±10%, lOW

R102 0687-2241 fxd, comp, 220K ohms ± 10%, 1/2 W

R103 2100-0020 var, ww, lin, 50 ohms ±20%, 1W

Sl 411A-19B Assy, range switch

S2 thru S100 Not assigned

S101 3101-0001 Switch, tog: SPST

S102 3101-0033 Switch, slide: DPDT

....

T1 thru TlOO Not assigned

T101 9100-0021 Transformer, power

V1,2 nsr; part of Al assy

V3 1932-0030 Tube, electron: 12AX7

V4 1933-0007 Tube, electron: 6AU8

V5,6 G-30B Photoconductive cell

V7 1923-0028 Tube, electron: 6CB6A

# See introduction to this section
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Circuit
<F/J Stock No. Description NoteReference

V8 thru VI00 Not assigned

VIOl . 1930-0016 Tube, electron: 6X4

VI02, 103 1940-0007 Tube, electron: OB2

XFI0l 1400-0084 Fuseholder

XVl,2 Not assigned

XV3 1200-0073 Socket, tube: 9 pin

XV4 1200-0048 Socket, tube: 9 pin, pc

XV5,6 Not assigned

XV7 1200-0047 Socket, tube: 7 pin, pc

XV8 thru XVI00 Not assigned

XVI0l thru XVI03 1200-0009 Socket, tube: 7 pin

MISCE LLANEOUS

G-74C Knob, black: 3/4"

G-74N Knob, black: 1" bar w/arrow

411A-21A Assy, probe

411A-21A-12 Assy, probe cable

411A-21E Assy, BNC probe-tip

411A-21G Accessory probe kit: includes

411A-21A-3 Assy, detector cartridge

" 411A-218 Assy, probe-tip: pen type

411A-21C Assy, VHF probe-tip

411A-21D Assy, type N "T" probe-tip

411A-21F Assy, 100: 1 capacitance divider probe-tip

411A-21G-l Box, accessory :

411A-37A Rod, modulator light, lucite

411A-65C Assy, etched circuit board (components included)

411A-65D Assy, etched circuit board (components included) CO
411A-65E " Assy, etched circuit board (components included) "

425A-97A Assy, chopper: includes BIOI, DSI01 thru DSI04

1450-0020 Jewel, pilot light

8120-0078 Cable, power

# See introduction to this section
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'$ stock No. Description 1/ Mfr. Mfr. Part No. TQ RS

AC-10C Binding post, black 28480 AC-10C
(cmo) 1 1
(rmo) 2

AC-54A Insulator, binding post: black double hole 28480 AC-54A
(cmo) 1 0
(rmo) 2

AC-54D Insulator, binding post: black, single hole 28480 AC-54D
(cmo) 1 0
(rmo) 2

G-10G Binding post, red (cmo) 28480 G-10G 1 1
(rmo) 2

G-29G-79 Diode, Si 28480 G-29G-79 1 1

G-30B Photoconductive cell 28480 G-30B 2 2

G-81C Meter
,

28480 G-81C 1 1

411A-19B Assy, range switch 28480 411A-19B 1 1

411A-21A Assy, detector cartridge: includes 28480 411A-21A-3 1 1
3 CR1, CR2, RIO

411A-23C Assy, modulator: includes VI, 2 28480 411A-23C 1 1

411A-27A Assy, line filter: includes J2 28480 411A-27A 1 1

412A-23B Assy, demodulator 28480 412A-23B 1 1

0130-0001 C, var, cer, 7-45 pf, 500 vdcw 72982 503000-D2PO-33R .2 1- , I-

0130-0006 C, var, cer, 5-20 pf, 500 vdcw 72982 503000-B2PO-28R 4 1

0140-0036 C, fxci, mica, 110 pf ±5%, 500 vdcw 00853 obd1/ 2 1

0140-0091 C, fxd, mica, 820 pf ±5%, 500 vdcw 72136 CM20E821J 1 1

0140-0092 C, fxd, mica, 240 pf ±5%, 500 vdcw 00853 OR1324E5 1 1

0140-0152 C, fxci, mica, 1K pf ±5%, 300 vdcw 72136 DM16F102J 1 1

0140-0159 C, fxd, mica, 3K pf ±2%, 300 vdcw 72136 DM19F302G 1 1

0140-0162 C, fxd, mica, 4.7K pf ±1~, 300 vdcw 72136 DM20F472K 3 1

0140-0170 C, fxci, mica, 5. 6K pf ±5%, 300 vdcw 72136 DM20F562J 1 1

0140-0171 C, fxd, mica, O. 01 pi ±1~, 300 vdcw 72136 DM30F103K 1 1

0150-0012 C, fxd, cer, O. 01 pi ±2~, 1000 vdcw 71590 13C DISC. 3 1

0150-0024 C, fxd, cer, 0.02 pi + 8~-2~, 600 vdcw 91418 B.02GMV 1 1

0150-0050 C, fxd, cer, 1K pf, 600 vdcw 84411 type E 1 1

~...;."~~.. ,

01193-1
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tFjJStockNo. Description # Mfr. Mfr. Part No. TQ RS

0150-0052 C, fxd, cer, 0.05 IJi ±2(1}h, 400 vdcw 05729 20X503MC4 11 3

0150-0067 C, fxd, cer, 130 pf ±2%, 500 vdcw 95275 CY13C13IG-A 1 1

0160-0015 C, fxd, paper, 0.47 j.Ji ±10%, 200 vdcw 56289 109P47492 1 1

0160-0029 C, fxd, paper, 1 IJi ±20%, 200 vdcw 82376 MQCS-2-1M 1 1 .

0170-0029 C, fxd, poly, 0.01 IJi ± 1(1}h, 50 vdcw 56289 114P1039R5S2 2 1

0170-0030 C, fxd, poly, 0.1 IJi ± 1(1}h, 50 vdcw 56289 type 114P style T15 1 1

0170-0077 C, fxd, poly, 0.047 IJi ± 1(1}h, 50 vdcw 56289 114P4739R5T15 1 1 or ...',

0170-0079 C, fXd, my, 0.0471Ji ±2(1}h, 50vdcw 84411 style 3, type 601PE 1 1
"

0180-0011 C, fxd, elect, 20 1Ji, 450 vdcw 56289 D32550 1 1
"

0180-0024 C, fxcl, elect, 40 1Ji, 450 vdcw 56289 D32441 1 1

0180-0033 C, fxd, elect, 50 1Ji, 6 vdcw 56289 30D133A1 2 1.. ..

0684-4741 R, fxd, camp, 470K ohms ±10%, 1/4W 01121 CB4741 2 1 .,

0687-1011 R, fxd, camp, 100 ohms ±10%, 1/2 W 01121 EB1011 3 1

0687-1021 R, fXd, camp, 1K ohms ± 1(1}h, 1/2 W 01121 EB1021 3 .. 1

0687-1031 R, fxcl, camp, 10K ohms ±10%, 1/2 W 01121 EB1031 2 i

0687-1041 R, fxd, camp, lOOK ohms ±10%, 1/2 W 01121 EB1041 2 '1' . ,

0687-1051 R, fxd, camp, 1M ± 1(1}h, 1/2 W 01121 EB1051 4 .. 1

0687-2211 R, fxd, 220 ohms ±10%, 1/2 W 01121 EB2211 1 1
..

comp,

0687-2221 R, fxd, comp, 2.2K ohms ± 1(1}h, 1/2 W 01121 EB2221 1 '1 .,

0687-2241 R, fxd, comp, 220K ohms ± 1(1}h, 1/2 W 01121 EB2241 2' 1

0687-2261 R, fxd, comp, 22M ± 1(1}h, 1/2 W 01121 EB2261 3 1

0687-2751 R, fxcl, comp, 2.7M ± 1(1}h, 1/2 W 01121 EB2751 1 1

0687-4711 R, fxcl, comp, 470 ohms ±10%, 1/2 W 01121 EB4711 1 1 .. '

0687-4721 R, fxd, comp, 4. 7K ohpls ± 10%, 1/2 W 01121 EB4721 2 1

0687-4731 R, fxd, comp, 47K ohms ± 1(1}h, 1/2 W 01121 EB4731 1 1

0687-4741 R, fxd,
,

470K 6hms ±10%, 1/2 W 01121 EB4741 1 1 ..,comp,

4.7M ± 1(1}h, 1/2 W EB4751 1
.. '.~

0687-4751 R, fxd, comp, 01121 ' 1

0687-6801 R, fxd, comp, 68 ohms ± 1(1}h, 1/2 W 01121 EB6801 2 1 .
,

0687-6811 R, fxd, comp, 680 ohms ± 1(1}h, 1/2 W 01121 EB6811 " 2 1

Section VI
Table 6-2

Table 6-2. Replaceable Parts (Conttd)

Model411A
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'* See introduction to this section
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Table 6-2. Replaceable Parts (Cont'd)

~StockNo. Description # Mfr. Mir. Part No. TQ RS ~ ....

~.

DCl/2CR5 obd# 1 1

DCl/2CR5 obd# 1 1

type C-Hl 1 1

316PH-3702 3 1

3708-2-4 1 1

3908-2-4 1 1

PCNJ-237 (BC-AG) 1 1

0687-6821 R, fXd, comp, 6.8K ohms ±10%, 1/2 W

0687 -8241 R, fXd, comp, 820K ohms ±10%, 1/2 W

0690-8231 R, fxd, comp, 82K ohms ±10%, 1 W

0693-1031 R, fxd, comp, 10K ohms ± 10%, 2 W

0727-0148 R, fxd, dep c, 7842 ohms ±1%, 1/2 W

0727 -0158 R, fxd, dep c, 10. lK ohms ±1%, 1/2 W

0727 -0249 R, fxd, dep c, 667K ohms ±1%, 1/2 W

0816-0017 R, fxd, ww, 6. 3K ohms ±10%, 10 W

1200-0009 Socket, tube: 7 pin

1200-0047 Socket, tube: 7 pin, pc

1200-0048 Socket, tube: 9 pin,pc

1200-0073 Socket, tube: 9 pin

1400-0084 Fuseholder

1850-0062 Transistor: 2N404

1901-0023 Diode, Si

1910-0004 Diode, Ge: IN90

1923-0028 Tube, electron: 6CB6A

1930-0016 Tube, electron: 6X4

1932-0030 Tube, electron: 12AX7

1933-0007 Tube, electron: 6AV8

1940-0007 Tube, electron: OB2

2100-0011 R, var, comp, lin, 5K ohms

2100-0020 R, var, ww, lin, 50 ohms ±20%, 1 W

2100-0044 R, var, comp, lin, 50K ohms ±10%

01121

01121

01121

01121

19701

19701

19701

35434

91662

91662

91662

95354

75915

02735

OOOCC

73293

80131

80131

80131

80131

80131

11237

11236

01121

EB6821

EB8241

GB8231

HB1031

DC1/2CR5 obd#

342014

34146

CODl-159

1N90

6CB6A

6X4

12AX7

6AV8

OB2

type 45, obd#

type 112

JAIN056S503VA

1 1

1 1

1 1

1 1

1 1

1 1

2 2

1 1

6 6

1 1

1 1

1 1

1 1

2 2

1 1

1 1

1 1

,,.

2100-0167 R, var, comp, lin, 10K ohms ±30%, 1/3 W 11237
(rmo)

2100-0187 R, var, comp, lin, 10K ohms ±30%, 1/3 W 11237
(cmo)

2100-0194 R, var, comp, lin, 1K ohms ±20%, 1/2 W 11237

type 45, obd#

type 45, obd#

type 45, obd#

(1) 1

1 1

1 1

2110-0007 Fuse, cartridge: 1 amp, s-b
(for 115V operation)

71400 MDL1 1 10

r
# See introduction to this section
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TQ!IRS11$ Stock No.1 Description # Mfr. Mfr. Part No.

2110-0008 Fuse, cartridge: 1/2 amp, s-b 71400 MDL1/2
(for 230V operation)

2140-0012 Lamp, indicator: 6. 3V, O. 15 amp, No. 12 24455 No. 12
-

1
-

1

3101-0001 Switch, toggle: SPST 04009 AH&H80994-H
-

1
-

1

3101-0033 Switch, slide: DPDT 42190 4633 1
-

1

9100-0021 Transformer, power 98734 4076
-

1
-

1

9140-0013 1 Inductor, var: 600 f,Jh ± 5% 98405 300-600 f,Jh
-

1
-

1

9140-0020 Inductor, fxd: 400 f,Jh 99848 1400-15-401 1
-

1

9140-0037 Inductor, fxd: 5 mh 99848 35000-15-502
-

1
-

1

9140-0040 Inductor, fxd: 42 f,Jh 99848 obd# 1 1

9140-0087 Inductor, var: 7.5-14 mh 09250 obd#
-

1
-

1

MISCE LLANEOUS

G-74C Knob, black: 3/4" (cmo) 28480 G-74C 1 0
(rmo) 2 0

G-74N Knob, black: 1" bar w/arrow 28480 G-74N 1 0

411A-21A Assy, probe 28480 411A-21A 1 1

411A-21A Assy, probe cable 28480 411A-21A-12 1 1
-12

411A-21E Assy, BNC probe-tip 28480 411A-21E 1 1

411A-21G Accessory probe kit: includes 28480 411A-21G 1 0

411A-21A Assy, detector cartridge 28480 411A-21A-3 (1)
-3

411A-2lB Assy, probe-tip: pen type 28480 411A-2:lB (1)

411A-21C Assy, VHF'probe-tip 28480 411A-2:1C (1)

411A-2lD Assy, type N "T" probe-tip 28480 411A-2:lD (1)

411A-21F Assy, 100: 1 capacitance divider 28480 411A-2:1F (1)
probe-tip

411A-21G Box, accessory 28480 411A-21G-1 (1) I
-1

411A-37A Rod, modulator light 28480 411A-37A 2 0'

411A-65C I Assy, etched circuit board 28480 411A-65C 1 0
(components included)

411A-65D Assy, etched circuit board 28480 411A-65D
-

1 0
(components included)

411A-65E ASBy, etched circuit board 28480 411A-65E
-

1 0
(components included)

425A-97A ABBY, chopper: includes BIOI, 28480 425A-97A 1 1

I DS101 thru DS104

1450-002~1 Jewel, pilot light 72765 14L-15 1 1
8120-0078 Cable, power 70903 KH-4147 1 1

# See introduction to this section
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