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SPECIFICA TlONS

RANGES: l to 300 volts full scale in 6 ranges: l, 3, lO, 30, 100, and 300 volts
AC or DC and 0-1000 volt range DC. Resistance 0.2 olun to 500 meg-
oluns in seven ranges. Mid-scale reading of lO, 100, 1,000, 10,000,
100, 000 oluns, l megolun, and lO megohms.

ACCURACY: :t:3% of full scale on alI ranges on sinusoidal AC voltages and DC volt-
ages. The AC portion of the instrument is a peak-reading device,
calibrated in rms volts. Ohmmeter accuracy is ~l ohm at mid-scale
of RXl range, :t:5% at mid-scale of all other ranges.

FREQUENCY RESroNSE: Frequency response is flat within :t:l db up to 700 mc and drops off less
than l db at 20 cps. Probe resonant frequency is about 1,250 mc and an
indication c.an be obtained up to 3,000 mc.

INPUT IMPEDANCE: Input capacity is 1.5 IJ.IJ. f; input resistance is lO megohms at low
frequencies. At high frequencies resistance drops of! due to dielec-
tric 1osses. DC input resistance is approximate1y 122 megohms far
alI ranges.

PROBE: The probe is approximate1y l" diameter and 4-1/2" long. It is equipped
with a ground clip, and the connector may be soldered to the point under
test. Adapting connectors are available to measure voltages in coaxial
transmission lines.

POWER SUPPL Y: 115/230 volts :t:10%, 50/1,000 cps, 40 watts.

SIZE: Cabinet M:>unt: 11-1/2" high, 7-3/8" wide, 8-3/4" deep. Compartment
at rear of instrument stores probe and test leads when not in use.

WEIGHT: Cabinet Mount: 12 lbs.; shipping weight approximately 17 lbs.
Rack Mount: 12 lbs.; shipping weight approximately 26 lbs.

RACK MOUNTrnG: Available on standard RETMA 7" x 19" panel.

ACCESSO RIES ~ 452A Capacitive Voltage Divider, 25 KV max., requires ~ 452A-95A
A V An.ABLE: Adapter.

~ 453A Capacitive Vo1tage Divider, 2 KV max.
~ 455A probe Coaxial "T" Connector, far Type "N" systems.
~ 458A Probe Coaxial "N" Connector, terminates Type "N" systems.
~ 459A DC Resistive Vo1tage Multip1ier, 30 XV max.
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CAUTION

The a-c probe shell, the common ground clip lead, the instrument chassis

and cabinet, and the green grounding lead in the three-conductor power cable

a,re electrically connected together at alI times. When the NEMA connector

is used in the proper manner, a ground path is established between the 410B

and equipment which is also grounded. Do not connect the ground clip lead or

the a-c probe body to any point which is not at ground potential because a

short circuit will be created. lf such a measurement is necessary, discon-

nect the NEMA ground in the power cable by using an adapter with the ground-

ing pig-tail removed, and the cabinet insulated from ground.The 410B cabinet

will be at the same potential as the negative clip lead. Caution must be used

if the clip lead is connected to a point which is more than a few volts off

ground. Because of the potential hazard to personnel, this method is not

recommended.

One side of almost alI power distribution systems is grounded. Extreme cau-

tion must be used if direct measurement of power system voltages is at-

tempted. lf the ground clip lead is accidentally connected to the ungrounded

side of the line, severe damage to the 410B is possible because of the short

circuit created. Power line voltages can be safely measured by using the 

probe Tip only. Contacting the grounded power conductor will give a reading

of O volts while contacting the ungrounded lead will give full line voltage

reading.

The 410B is designed far the measurement of audio and r-f voltages and is

excellent far this purpose. In normal practice these voltages are almost

always measured with respect to chassis ground and no concern ne ed be given

to grounds. D-C voltages can almost always be determined by measurements

with respect to ground, either directly or by subtraction.

HP 410B VTVM.max
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SECTION I

GENERAL

1.1 GENERAL DESCRIPTION Power for the ohmmeter circuits is supplied by the
instrument power supply which eliminates the neces-

The :i!J!; Model 410B is a laboratory quality volt-ohm- sity of using any battery with its attendent mainte-
meter that has been especially designed for making nance.
accurate voltage measurements in the frequency
range from 20 cps to over 700 mc per second, with
useful indications at frequencies as high as 1500 The high accuracy obtained with alI voltage measu~e-
megacycles. The instrument has full scale a-c ments makes the '~Model 410B useful far a wlde
ranges of 1, 3, 10, 30, 100 and 300 volts, with variety of laboratory and field applications, especially
an input resistance of 10 megohms at low frequen- in high frequency work. Construction of the a-c probe
cies, shunted by 1.5 Jl/1.f. Dc ranges are provided is such as to enable the operator to minimize lead
with full scale values of 1, 3, 10, 30, 100, 300 and length and input capacity, factors which usually re-
1.000 volts. The dc input resistance is approximately strict the high frequency range in instruments of
122 megohms on ali ranges. The ohmmeter ranges this type. The wide range of a-c and d-c voltage
have mid-scale values of lO, 100, 1,000, 10,000, and resistance measurements combined with con-
100,000, 1,000,000, and 10,000,000 ohms. Accurate venience of operation make the 410B very useful far
resistance readings from 1 ohm to 500 megohms are alI types of circuit testing and trouble shooting as
easily made. well as development work.

The meter scale calibration is very straight for-
ward. Ali dc voltage ranges and ac ranges lO volts
and above are re ad on two black scales calibrated
0-1 and 0-3. Due to non linearity of the diode at
very low voltages, the 1 and 3 volt ac ranges are 1.2 POWER LINE VOLTAGE
read on special, separate, red scales.

When the instrument leaves the factory, the dual
Ali resistance readings are made on one OHMS scale. 115 volt primary windings of the power transformer
Figure 1-1 is a drawing of the 410B meter scales. are connected in parallel for operation from a nominai

115 volt source. li operation tram a nominaI 230
volt supply is desired, the windings may be easily
reconnected in series. Refer to the schematic draw- 
ing far details. Install the correct power li ne fuse 
as listed in the Table of Replaceable Parts.

VOLTS
4 6/ ~::$:;;~~,..;~ 8 \ B c

o ("" ~~~~~~::::1~~~~k~, ~ "O 1.3 THREE CONDUCTOR POWER CAlLE

oo.",.~~~-;~~, ~-"=' The three conductor power cable supplied with thiso~ ~ ' OHMS "O,t;,~ ".."'" instrument is terminated in a polarized three-prong

o ~ Il, "\!4 male connector recommended by the National Elec-

trical Manufacturers' Association. The third con-
tact is an offset round pJn, WHICH GROUNDS THE
INSTRUMENT CHASSIS when used with the appro-

Figure 1-1. Meter Scale Calibration ,Pj)410B priate receptacle. To use the NEMA connector
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in a standard two-contact receptac1e, a three-prong designed for connecting the 410B Mu1timeter across
to two-prong adapter shou1d be used. The ground a 50-ohm transmission 1ine using type N connectors.
connection emerges from the adapter as a short The T-joint has been designed so that the connection
lead which should be connected to a suitable ground of the multimeter into a transmission line circuit will
for the protection of operating personne1. not cause a standing wave ratio greater than 1.1 at

500 megacyc1es and 1.2 at 1000 megacyc1es. With
the aid of this device, measurement of power trave1-
ing through a transmission line may be made with

1.4 ACCESSORIES reasonab1e accuracy to 100~ me. The ~sua1 pre-
cautions must be taken to proV1de accurate lffipedanceThe 410B is not furnished with any accessories, matching and the e1imination of standing wayes along 

however a number of specia1 accessories are made the 1ine through which power is flowing. By using a
by b}!which extend the a-c and d-c vo1tage range of dummy 10ad at the receiving end of this T-joint,
the instrument and facilitate a-c measurements in power output of various devices can be measured.
coaxial systems. A description of these accessories In many applications power going into a realload,
and their specifications is contained be1ow; the ac - such as an antenna, can be convenient1y measured
cessories are shown in Figure 1-2. up to frequencies as high as 1000 megacycles with

good accuracy.
a. b}! Model 453A Capacitive Voltage Divider '-

The Model 453A Capacitive Divider shown in e. ~ Mode1 459A DC Resistive Vo1taf!e Mu1tig1ier
Figure 1-2a extends the a-c vo1tage range of the The Mode1 459A dc vo1tage divider shown in
410B Mu1timeter to 2000 vo1ts rms. The divider is Figure 1-2e extends the dc vo1tage range of the ,~
for liSe at frequencies above 10 ki1ocyc1es. Voltage Mode1 410B to a maximum of 30 kilovo1ts. Division
division is 100: l, := 1%, and the input capacity is ap- ratio is 100 :1, :: 5%, and the input impedance is
proximate1y 2 micromicrofarads. 12,000 megohms. This prooo offers maximum safety 

and convenience for measuring high voltages such 
b. §; Mode1 452A Capacitive Vo1tage Divider - as in television. equipment, etc. The maximum 

The Mode1 452A Capacitive Divider shown in circuit 10ading is 2.5 microamperes. 

Figure 1-2b extends the a-c vo1tage range of the
410B Mu1timeter to as much as 25 ki1ovolts. This
divider permits measurement of extreme1y high 1.5 INITIAL ASSEMBLY OF THE PROBE ASSEMBLY
a-c vo1tages such as are encounterd in die1ectric
heating equipment and similar applications. The The 410B is shipped from the factory with the probe

.
frequency range of the divider is from 25 cps to assemb1y packed in a compartment accesslble by
20 mc, although as frequency increases, the divider remova1 of the rear cover. The banana-p1ug con-
is de-rated to 1imit the r-f current flowing through nector shou1d be plugged into the botto m of the in-
its capacitors. A fixed gap is provided so that break- strument and secured with the two machine screws.
down will occur if the applied vo1tage exceeds about
28 kv at 10w frequencies. Vo1tage division is 1000: l,
:::3%, and the input capacity is 15 micromicrofarads. 1.6 METER MOVEMENT MECHANICAL ZERO
An adapter, \fj 452A-95A, is alBo required to conn~ct
the 410B AC probe to the shielded banana plug fit- Whenever the meter pointer does not indicate exactly
ting of the 452A. (The 452A fitting is designed for on zero, the pointer shou1d be reset to zero. For
use with a @; 400D type meter.) most accurate positioning of the pointer, turn the

instrument on for about 15 minutes to allow it to
c. ,?ì Model 458A Probe Coaxial "N" Connector - reach operating temperature. Turn off the power

The Model 458A coaxial connector shown in and wait at 1east 30 seconds for the capacitors in
Figure 1-2c allows the a-c probe of the 410B Multi- the instrument to discharge.
meter to be connected to a 50-ohm coaxialline.
The connector uses a female type N connector and ,
a receptacle for receiving the a-c prooo of the 410B The adjust screw is in. the meter frame at a mid-
voltmeter. No terminating resistor is included. point immediately be1ow the meter face. The ad-

justment is made properly only when the pointer
is trave1ing in the opposite d1reCtion to the turn of
the adjust screw. A1though the adjust screw may
be turned in either direction, a practical procedure
is to turn the screw in a c1ockwise direction until

d. '\)1 M'Jde1 455A Coaxial "T" Connector - the pointer starts to swing back toward zero. Then,
For measurements at the higher frequencies stili turning the screw clockwise, bring the pointer

the special T-joint shown in Figure 1-2d has been (now trave1ing counterclockwise), back to zero.
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SECTION Il 
OPERATING INSTRUCTIONS 

2.1 OPERATING CONTROLS ANO TERMINALS The probe is the negative side of the internaI volt-
age source used far resistance measurements.

A description of each of the front panel controls,
the test probes, and the meter follows: AC - A cable that terminates in the shielded probe

. F used far ac voltage measurements. The probe tip
SELECTOR - This five-position switch turns the contacts the point in a circuit where a voltage is to
instrument onj provides far measurements of nega- be measured and the clip lead on the probe connects
tive or positive d-c voltage, a-c voltage, or re- to the ground side of the circuito
sistancej and connects the appropriate probe far
the desired measurement. DC - The black, shielded cable with the black

Plastic prod is used to measure d-c voltages. The
prod is equipped with a small chuck to hold a steel

RANGE - This switch selects the full-scale volt- phonograph needle. The instrument is shipped from
age or resistance range to be used. the factory with the sharp point of the needle inside

the chuck and can be reversed il it is necessary to
employ a sharp point far good connection.

ZE RO ADJ. - The larger, fluted knob is a basic
zero adjustment that sets the meter pointer to zero COMMON - The black rubber-covered wire termi-
when the SELECTOR switch is set at - and +. The nated in an alligator clip is the negative connection
smaller knob marked AC is used to set the meter far alI measurements except those made with the
pointer to zero following the basic zero adjustment clip lead on the end of the AC probe. The common
and with the SELECTOR switch set to AC. lead is connected directly to the chassis of the in-

strument and to the third grounding conductor in the
power cable. When making resistance measurements

OHMS ADJ. "" - This knob adjusts the meter pointer this lead is positive with respect to the red prod.
to full scale ("") when the SELECTOR switch is set
to OHMS. FUSE - The fuseholder, located behind the cover

In1he rear compartment of the instrument, contains
OHMS, AC, DC, COMMON - The designation at a 0.6 amp slow-blow, 115 val.t line cartridge fuse
the bottom of the control panel identify the various replaceable by unscrewing the fuseholder cap and
test leads, which are connected underneath the in- inserting a new fuse. A 0.25 amp slow-blow fuse
strumento The connector can be removed by un- should be used il the instrument is operated on 230
screwing the two captive round head screws in either volts.
end of the connector. Once installed, the three
probes ne ed not be removed, although only the one
probe in use is connected through the SELECTOR 2.2 OPERATING AOJUSTMENTS
switch to the internaI circuits. Each probe has the
specialized function described below. The $I Model 410B has three front panel operating

adjustments: ZERO ADJ., AC ZERO ADJ. , and
OHMS ADJ."". ZERO ADJ. sets the meter pointer

OHMS - The red rubber-covered cable with the to zero when the selector switch is in the - and in
red plastic prod is used in measuring resistance. the + positions and must be adjusted ~ the AC
The prod is equipped with a small chuck to hold a and the OHMS adjustments are made. AC ZERO
steel phonograph needle. The instrument is shipped ADJ. adjusts the meter pointer to zero when the
from the factory with the sharp point of the needle selector switch is in the AC position to compensate
inside the chuck and can be reversed il it is neces- far any small residual meter reading that appears
sary to employ a sharp point far good connection. as the a-c probe is switched into operation. The
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OHMS
FULL SCALE

ADJ. AC ZERO ADJ.

O
ZERO

RANGE SWITCH
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PROBE (BLACI<)
FUNCTION SELECTOR
AND POWER SWITCH

MP- S - sre

Figure 2-1. Model410B Controls and Terminals Labeled 
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AC ZERO should be adjusted when the range switch 5) With the OHMS test lead no t shorted, sei the 
is on the 1 voli range. OHMS ADJ. .xo sets the meter OHMS ADJ. .xo knob to bring the pointer to .xo.

pointer to fuli-scale when the selector switch is
turned to the OHMS position.

The multimeter is now ready for operation. Before
attempting to make an actual measurement, study

2.3 STEP-BY.STEP OPERATING PROCEDURES the operating procedures described in the paragraphs
beIow.

A. Basic Zero Adjustment
CAUTION

1) Connect the power cabie to the power Iine. Set
the SELECTOR switch to the (-) position and aliow The voitmeter COMMON, the AC PROBE ground clip
instrument to heat for rive minutes for stabie oper- Iead, the instrument chassis and cabine t are ali
ation. eIectricaliy tied together at ali times. In addition,

the third (green) Iead in the power cabie is tied to
2) Connect the DC and COMMON test Ieads together. the chassis. If the three prong NEMA connector
Adjust the ZERO ADJ. (outer concentric knob) con- is used in a proper mating receptacIe, the 4108
troi so that the meter indicates zero with the R.'\NGE will be connected to the power system ground. When
switch sei to the l volt range. making voltage measurements, ac or dc, positive

or negative, always connect the voitmeter COMMON
3) Sei the SELECTOR switch to + and note the meter or the AC PRO8E ground clip Iead to the chassis,
reading. If the needie point has sh ift ed, sei ZERO or ground, of the equipment under test. Connecting
ADJ. so that the needle returns to the same position the ground clip to any other point wili automaticaliy
for bolli - and -I- positions of the SELECTOR switch. ground that point to the power system ground. If a

ground path in the equipment under measurement
4) Proper zero set is indicated when the meter also exists to the power ground, a short circuit wili
zero does not shift when the SELECTOR switch is result. If a three-prong to two-prong adapter is used
changed from (+) to (-) and back. with the pig-tail ground Iead disconnected, the cabinet

of the4108will assume the galle potential as the point
to which the clip Iead is connected. For safety' s

B. AC Zero Adjustment sake, it is best noi to make measurements with the
ground clip Iead connected to points not at chassis

1) Make the 8asic Zero Adjustment described above. potential. In aimost every case the measurement
can be made successfuliy by reading the voltages

2) Set the SELECTOR switch to AC and sei the with respect to ground and then subtracting one read-
RANGE switch to the 1 volt position. ing from the other.

3) Connect the AC probe clip Iead to the probe tipo 

4) Adjust the AC knob to bring the meter pointer 2.4 PROCEDURE FOR MEASURING DC VOLTAGES
to O.

a. Make the basic zero adjustment described
earlier in paragraph 2-3.

C. OHMS Full-Scale and Zero Adjustment
b. Set the SELECTOR switch to either the (+) or

1) Make the 8asic Zero Adjustment described above. (-) position, depending upon the polarity of the
voltage to be measured.

2) Sei the SELECTOR switch to OHMS.

3) Adjust the OHMS ADJ. cxo controi so that the me- c. Set the RANGE switch to the range that inciudes
ter pointer indicates .xo on the ohms scale. The the voltage to be measured.
OHMS and COMMON test Ieads musi noi be connected
together when making this adjustment. d. Connect theCOMMONtest Iead to the ground side

of the circuit to be measured and touch the DC
4) To use the ohmmeter without making the basic VOLTSprod to the point in the circuit being measured.
zero or AC adjustment, connect the OHMS and COM-
MON test Ieads together, set the RANGE switch to e. Read the measured voltage from the meter, multi-
RX1K or higher range, and adjust the ZERO ADJ. plying the indicated value by the appropriate fac-
(outside concentric knob) until the meter pointer in- toro Dc voltages are read from the two top meter
dicates zero on the ohms scale. scaIes, 0-1 and 0-3, printed in biack.
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2.5 PROCEDURES FOR MEASURING AC VOLTAGES CAUTION: The ac probe blocking capacitor is rated 
at 500 volts, do NOT connect the ac probe to higher

a. Make the AC ZERO adjustment described above. voltages. &fore measuring voltages above 50 mega- 
cycles, consult Figure 2-2 a graph of maximum 
applied voltage vs. frequency. Certain other pre- 

b. Set the RANGE switch to the range that includes cautions apply to ac voltage measurements, they 
the voltage to be measured. are discussed in paragraph 2-8. 
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Figure 2-2. Maximum Voltage that can Safely be applied to AC Probe far
Frequencies above 50 Megacycles
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c. CoJUlect the ground clip lead on the a-c probe to pedance level, this small voltage will cause errone-
ground of the circuit being measured and touch ous resistance readings. Generally, keeping the

the a-c probe tip to the other side of the circuit being capacitor terminals shorted for a few minutes will
measured. (For audio frequencies the ground lead reduce this charge to zero and a correct reading
from the voltmeter chassis may be used for negative can be made. This phenomenon will not occur on
connection instead of the ground lead on the a-c any of the lower ranges.
probe, if desired.) d. The measured voltage is then read from the a. Make the OHMS adjustment described in para-

meter. The full-scale value of the meter is graph 2-3C.
indicated by the setting of the RANGE switch.

b. Set the SELECTOR switch to the OHMS position.

NOTE c. CoJUlect the COMMON and OHMS test leads to
The O - 1V and O - 3V meter scales printed in red the resistance to be measured.
are for use ooly with the 1 V and 3V a-c positions of
the RANGE switch. The remainder of the alternat- d. Set the RANGE switch to the position that gives
ing voltage ranges are read from the two top meter the largest up-scale meter indication.
scales (O - 1 and O - 3) printed in black.

e. Read resistance value from bottom scale on
meter. The resistance is equal to the scale

indication times the multiplying factor shown by
2-6 PROCEDURE FOR MEASURING RESISTANCES the position of RANGE selector.

CAUTION f. Resistance readings up to a million megohms
or higher are possible with an external battery.

TURN OFF EQUIPMENT THAT 18 TO BE TESTED Refer to paragraph 2-10 for details.
BEF\ORE MAKING RESISTANCE MEASUREMENTS.
Be certain that no residual voltages remain in the
circuit being measured. When making a leakage 2.7 ELECTRICAL CHARACTERISTICS OF THE
resistance measurement on paper capacitors on the DIODE AND PROBE
RXlMeg range, a reading of greater than oco is some-
times measured with the OHMS leads connected ODe The f!j)Model 410B measures a-c voltages from 1 volt
way and a fairly low value of resistance will be mea- full-scale to 300 volts full-scale in the frequency
sured with the OHMS leads reversed. This is caused range from 20 cycles to 60 megacycles and measures
by a surface charge in the dielectric of the capacitor reduced voltages to 700 megacycles. The basic ac-
which leaks out after the capacitor is first discharged curacy is :1:30/0 for measurement of sine waves up to
and builds up another slight voltage across the ter- 60 megacycles per second, while the frequency re-
minals. Since the 410B operates at a very high im- sponse is :t 1 db aver the entire frequency range

+1

IO VO

~ :3 VO
~
~ .QO~ -o

~
~ I VOLT

-I

10CPS 100CPS .Imc 1.0mC 10mc 10mC 1000mc

FREQUENCY

Figure 2-3. Ratio oi Indicated to Actual Voltage as a Function oi Frequency
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.01
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FREQUENCY (MEGACYCLES)

Figure 2-4. Input Resistance and Reactance of Model 4l0B Diode Probe

from 20 cycles to 700 megacycles per secondo The transit lime is indicated by the dip in the l-volt curve
4l0B continues to be useful up to the probe resonant in the vicinity of 500 mc. The rise of the 3-volt and
frequency of approximately 1250 megacycles, and 10-volt curves is due to the effects of resonance in
indicalions can be obtained up to 3000 megacycles. the probe, which overshadow the effects of transit

lime.
A performance curve for the probe, showing the ratio
of indicated to actual voltage as a funclion of fre-
quency, is plotted in Figure 2-3. At low and medium The input resistance and shunt capacilive reactance
frequencies the response is fIato At high frequen- components in the circuit within the a-c probe are
cies, however, the response is affected by two fac- shown in the graph Figure 2-4. At low frequencies
tors: transit time of the probe diode, which is de- the inp.lt resistance exceeds lO megohms, decreas-
pendent upon the magnitude of the applied voltage; ing at higher frequencies because of dielectric and
and the resonant frequency of the probe, which is tube losses. The shunt capacity component of input
independent of the applied voltage. The effect of impedance is approximately 1.5 micromicrofarads.

i' HP410BVTVM.max
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2-8 AC MEASUREMENT PRECAUTIONS ing medium and high frequency circuits, use the 
ground clip lead on the sheli of the probe. In some 

Special considerations must be kept in mind when cases at the higher frequencies it may 00 necessary 
making a-c voltage measurements. These consid- to shorten stili further the grounding lead on the 
erations are discussed in the foliowing paragraphs. sheli of the probe. 

a. GeneraI Consideration of Comolex Wavforms For all measurements at the higher frequencies hold
Waveforms cootaining appreciable harmonics or the molded nose of the prooo as far from the external 

spurious voItages will introduce errors in the meter ground pIane or tram objects at ground iX>tentia! as 
indication since tlE meter has been calibrated to read can conveniently 00 done. Under typical conditions, 
rms values af true sine waves while the a-c prooo is this practice will keep the input capacitance several 
a peak-responding device. The magnitude of errar tenths of a micromicrafarad lower than will be ob-
that may be expected when harmonics are present tained otherwise.
on the measured waveform is indicated in the Table
oolow. For a-c measurements above approximately 250

megacycles it is nearly mandatory that measure-
Table 2-1. ~ssible Error when Measuring menta be made on voltages which are confined to

Voltage of Complex Waveforms coaxial transmission line circuits. For applications
of this type, the ~ M>ool 4l0B is ~cularly suitable

% True Model 410B because the physical configuration of the diode and
Harmonic RMS Value Indication probe is that of a concentric line, and with a few

precautions it can be connected to typical coaxial
O 100 100 transmission line circuits with little difficulty.

10% 2nd 100. 5 90 to 110
20% 2nd 102 80 to 120 To connect the ~ Model 4l0B into an existing coaxial
50.% 2nd li2 75 to 150 transmission line, cut the line away so the center
10% 3rd . 100. 5 90 to 110 conductor of the line is e~sed through a hole Iarge
20% 3rd 102 87 to 120 enough to clear the body af the voltmeter a-c prooo.
50% 3rd 112 108 to 150 The nose of the probe should be removed far this

type of measurement. Connect one terminaI of a
b. Voltage Measurements at Frequencies below button-type capacitor af approximately 50 micro-

50 Cycles/Second - Voltage measurements microfarads to the center conductor of the coaxia!
at frequencies as 10w as lO cycles per second may line so that the other terminaI of the capacitor will
be made to the unit's basic accuracy by removing contact the anode connection of the probe. A close-
the plastic nose on the a-c probe and using in its fitting meta! shield or bushing should be arranged to
piace a bIocking capacitor of 0.25 microfarad in ground the outer cylinder of the probe to the outer
series with the exposed contact of the probe. conductor of the transmission line. This type of

connection is likely to cause some increase in the
CAUTION: The gmy insulating materia! af the probe standing wave ratio of the Iine at higher frequencies.
af the 4l0B is iX>lystyrene, a 10w melting-iX>int mat- The ~ Model 455A Coaxial "T" Connector is de-
erial. It is not possible to solder to the contact signed to do this job with a vswr of less than l. l at
which is exposed when the probe nose is removed 500 me. See paragraph 1-5. 
without destroying the polystyrene. 

d. Effect of Parasitics on Voltage Readings -
At frequencies above 500 megacycles, leads ~r

c. Volta Ire Measurements at Hie:h Freauencies portions of circuits often re so nate at frequencies
At freq\Encies aoove 100 ~gacycles the distance two, three or four times the fundamental of the volt-

between the point of voltage measurement and the age being measured. These harmonics may cause
anoOO contact af tlE a-c probe must be made as short serious errors in the meter reading. Owing to the
as iX>ssible. If feasible, substitute a small button- resonant rise in the probe circuit at frequencies
type capacitor af approximately ~ micromicrofarads above 1000 megacycles, the meter may be more
far the removable tip on the a-c probe. Solder one sensitive to the harmonics than to the fundamental.
terminaI of the button capacitor to the measurement To make dependabIe measurements at these fre-
point in the circuit and not to the probe contact. quencies, the circuits ooing measured must be free
The probe contact (with tip removed) can ~n contact of all parasitics.
the otlIer terminaI of tbe capacitor far the measure-
mento e. Effect of DC present With AC Si~-

When measuring smail ac voltages, which are
At frequencies above 100 megacycles considerable present at a point along with high ~ iX>tential, y8&
voltage may be built up across ground leads and mayobta.in a VOltage reading which is in errar. This
along various parta of a grounding piane. Conse- is caused by a very smalileakage current through
quently, to avoid erroneous readings when measure- the blocking capacitor in the tip of the ac probe, and

HP 4108 VTVM.max
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might occur when you attempt to measure a l volt then Ho/t1 - 0.2, K - 0.55, and the multiply-
ac signal at the plate oi a vacuum tube. ing iactor would then be

]f this leakage is a problem you should add an ex- 1.4 (1 + -12- + 0.55).
temal blocking capacitor ahead of the probe tipo 990 1000
A Mylar or polystyrene dielectric capacitor of O. 005
~i or larger is recommended. The usual paper or For the case of a 10 microsecond negative pulse
ceramic capacitor will not bave sufficiently high and a pulse repetition frequency of 1000 pulses per
leaka.ge resistance to eliminate the probiemo second, t1 would be 990 microseconds and t2 wouId

equa l 10 microseconds. Thus, Ho/t1 would be ap-
Factory specifications require that the probe tip proximately O, and therefore (from Figure 2-5) K
blocking capacitor bave not less than 100,000 meg- would also be approximately O. The multiplying
ohms resistance, which is the highest value obtain- factor wouId then be
able in a part that meets other requirements. This
is very high, but stili makes a 1000:1 voltage divider 1.4 (1 + 990/10).
with the 122 megohms input resistance oi the meter
circuits when on the l volt ac range. A 100 volt dc Hence, it may be seen that in the case of negative
potential will be divided down and will present (ap- pulses of short duration much smaller readings will
proximately) a 0.1 volt signal to the meter circuit o be obtained than for an equivalent positive pulse.
On higher ac ranges, the efiect is reduced propor- As a result, large multiplying factors must be used
tionateIy. and lUÙess the pulse voltage is large, these measure-

ments may be impractical.
2.9 PULSE MEASUREMENTS

The 410B is a peak-responding rms calibrated type
voltmeter and is designed to measure the positive 9
peak value of the applied voltage. This property
allows the ~ Modei 4IOB to be used to measure the
positive voltage amplitude of a pulse, provided the
reading obtained is multiplied by the following factor:

ti Kl. 4 (1 + ""f2 + PRF )

where: tI is the duration oi the lX>sitive portion
oi the voltage in microseconds,

t2 is the duration oi the negative portion
cf the voltage,

K is a factcr which is a function oi the
source impedance of tre pulse gener-
ator and oi t l, and is found in the
graph oi Figure 2-5.

PHF is t~ pulse repetition irequency in
pulses per secondo

-
In genera! this eqtation is applicable where the pulse
repetition irequency is greater than 500 pulses per
second and the positive pulse duration is at least
lO microseconds. For most cases when using high
pulse repetition rates, the above iactor will reduce
to tI 

l. 4 (l + 12") 

K can be found by use ai the curve in 
Figure 2-5 when the impedance of the 
pulse gene rator Ho in kilohms and the 
duration oi the positive lX>rtion oi the 
pulse tI in microseconds are known. . . . I./T, . . . 

As an exampIe, suppose:
tI = lO microseconds,

Ho = 2 kilohmsandthepulse repetition fre- Figure 2-5. Graph used in Calculation
quency is 1000 pulses per second, oi Pulse Voltages

HP 410B VTVM.max
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2.10 RESISTANCE MEASUREMENT ABOVE 500 to the COMMON lead from the 410B. The voltmeter
MEGOHMS range switch is then adjusted to obtain an upscale

voltage reading. The meter indicates the voltage
Because of its very high input resistance the Model across the 122 megohm input resistance, which when
410B, supplemented by an external voltage, can be multiplied by the ratio of the applied voltage to the
used to measure extremely high resistances. Any measured voltage, minus one, gives the resistance
convenient d-c voltage up to 1000 volts may be used, of the unknown. The equation far determining an
the higher voltages permitting measurement of higher w1known resistance far any supply voltage and meter
resistances. A 45-volt Il B" battery extends the reading is given in the following equation. When the
resistance measurement range to approximately ratio of E applied to E measured is greater than
250,000 megohms. Resistances as high as several 100:1, the minus ODe may be dropped with no practi-
million megohms are easily and accurately made calloss in accuracy.
\vhen the leakage between the test leads is held to
a minimum by careful placement. The highest re- E
sistance that can be measured is limited by the total Rx = (~ - 1) Rm
leakage between the DC test probe and the COMMON Em
test probes on the voltmeter.

. Ebb = Externally applied battery or power supply
The measurement of extremely high resistance is voltage
accomplished by applying a known d-c voltage to
the unknown resistance in series with the 410B as Em = Voltage read on d-c volts scale of voltmeter
shown in Figure 2-6. The external voltage is first
~easured with the 410B and recorded. The positive Rm = Input resistance of voltmeter
slde of the external voltage source is then connected
through unknown resistance to the d-c measurement (410A - 100 megohms)
probe. the negative side of the voltage is connected (410B = 122 megohms)

- HP- MODEL 410 B
H.F: VTVM

NEGATIVE TEST LEAD
(CONNECT TO NEG. SIDE

OF EAPPLIED)
KEEP OHMS AND AC o B' BATTERY OR POWER SUPPLY

PROBES OOT OF WAY ( USE HIGHEST CONVENIENT VOLTAGE )

/

/'INSULATING SHEET UNKNOWN RESISTANCE
(GLASS OR EQUAL) TO BE MEASURED

DC TEST PROBE

(KEEP LE AD WELL
ISOLATED)

Figure 2-6. Setup far Measuring Extremely High Values of Resistance
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SECTION II1

THEORY OF OPERATION

3.1 GENERAL fier feeds a balanced bridge which has an indicating
meter connected between the mid-lX>ints. The mag-

The ~'Model 410B is designed to measure the ampli- nitude of deflection of the meter is thus prolX>rtional
tude of a-c and d-c voltages and the values of resist- to the amplitude of the d-c voltage applied to the
ances. To accomplish these measurements, the input of the differential amplifier.
equipment' s circuit is arranged as indicated.by the
block diagram of Figure 3-1. When measuring d-c When measuring a-c voltages, the voltage to be
voltages, the voltage to be measured is applied measured is converted to a d-c voltage in a special
through a precision voltage divider to the input of wide-band rectifier circuito The output of the recti-
a differential d-c amplifier. The output of the ampli- fier is then applied to the d-c voltage-measuring

DC AMPLlFIE~ METER BRIDGE
(-~ { .. ..,

DC PROBE B +o - I

1
AC SI VOLTAGE

RANGEPROBE o! RESISTORS

o I 
I

OHMS
o OHMS PROBE o RANGE B - 9z+ -9z-

RESISTORS
I,

l'COMMON c

LE AD AC ZERO SET
o ~ COMPENSATION I

8,+

Bz+
POWER SUPPLY :: ~

8z- 

Figure 3-1. Block Diagram oi ~ Model 410B

HP 4108 VTVM.max



Sect. In Page 2

circuit described above. A deflection of the indi-. .. l . AC "008' ~ULTI~'T[O C"'SSIS
catmg meter then occurs m proportlon to the amp 1-, A, ,~,
tude of the a-c voltage being measured.

c, o,
"'01.. d lt f th --1 ro RANG£ R£SlsrORS

For measurmg res1stance, a -c vo age rom e ANO AMPtlrl£RS

voltmeter power supply is appliect through a large
resistance to form a constant current source. This
supplies a circuit consisting of the unknown resistance ~g C5

connected in parallel with a known resistance. The
proportion of the internai voltage that appears across
the unla1own resistance is related to the ratio of the "STOu~['T C"'SSoS

. .OOU"Ounknown to the known reS1stance. The voltage across TEST LEAD ro "£GlILArOR v6

the unknown resistance is then applied to the input RO

of the differential amplifier as before, with the re-
sult that the magnitude of meter deflection is re- Figure 3-2. Schematic Diagram of AC Probe
latro to the value of the resistance being measured.

3-2 R-f RECTlflER . is shown in Figure 3-3. The input capacitor is

molded in a removable probe tip far applications
The circuit used far rectifying a-c signal voltages is where even the small iead iength of the tip should
shown in Figure 3-2. The circuit is a half-wave be minimized. The diode is specially designed to
shunt-detector type circuit which operates to charge bave pIane rather than circular geometry. This
the small input coupling capacitor CIto the peak type of construction has been used in arder to re-
value of the positive haif of the a-c voitage being duce the physicailength of the diode and to achieve
measured. To smooth the rectified a-c voltage far a diode having extremely low anode-cathode capacity.
appiication to the differential ampiifier, a iarge re- The construction is such that the probe has an input
sistor (22 megohms) and capacitors C2 and C3 are capacity of only about 1.5 mmf, about 1.3 of which
connected across the output of the rectifier. The is the anode-cathode capacity of the diode. To
voltage across the ca}:acitors riBes to the peak value achieve short transit time for the diode, the anode-
of the rectified wave and is applied through the pre- cathode spacing has been maintained at on1y .003
cision voltage divider to the d-c amplifier. inch. Reliabie r-f grounding of the diode cathode

is obtained by use of a large area contact ring in theSince the voltmeter is designed to be capable of special socket far the diode. Figure 3-4 shows a

measuring high frequencies, the rectifier circuit line drawing of the probe diode.
is OOilt in the form of a probe so that it can be physi-
cally placed close to the point of measurement. The
probe connects to the voitmeter proper through a The capacity in the RC filter is divided into two
flexible cable. parts. A small 500 mmf capacitor, C2, is wilt into

the probe near the base of the diode. At high fre-
This arrangement permits short iead lengths far quencies this capacitor in combination with the 22-
the actual a-c portion of the measuring circuit so megohm filter resistor gives sufficient filtering so
that residual inductances will be minimized. that the inductance of the flexible cable is of no

consequence. For lower frequency filtering, Capa-
A cutaway view of the a-c probe showing the input citar C3, is connected at the end of the cabie inside
biocking capacitor, rectifier diode, and RC filter the multimeter housing.

Figure 3-3. Cutaway View of High-Frequency Probe
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purpJse of this amplifier is to serve as an impedance 

transformer between the 100-megohm impedance
level in the range switch and the meter circuits.
To achieve a high input impedance for the amplifier,
it is operated without a grid resistor other than the
100-megohm voltage divider and at a low plate cur-
rent in the arder of a couple of microampers. Gas
current effects in the high grid impedance are mini-
mized by operating the amp1ifier tubes at a reduced
heater vo1tage and a low plate voltage (approximately

ANODE 20 volts). Very large cathode resistances are used
to enhance the stability of the amplifier.

For a-c measurements the se:::ond or " balance" in-
put to the differential amplifier is connected to a

Figure 3-4. Actual Size Drawing of source of small d-c voltage in the power supply cir-
High-Frequency Diode cuit. This arrangement is designed to compensate

the voltmeter far " emission voltages" that occur. in the probe diode. Because of the high thermal

level of the probe diode cathode, electrons are emit-
The probe is constructed from molded polystyrene ted by the cathode even though no signal voltage is
to offer a low dielectric 1055 which, together with app1ied to the diode anode. Some of these e1ectrons
the 10w input capacity, makes the probe a high im- travel to the anode, giving it a net negative potential
pedance device. The input impedance of the probe of approximately l volt, which will mask small sig-
as a function of frequency is given in Figure 2-4. nal voltages applied to the diode../

The flexible cable connecting the probe to the volt- To compensate far this effect, the d-c voltage ap-
meter is a double-shielded single conductor cable. plieù to the second input of the d-c amplifier is ad-
The outside shield carries a-c power for the diode justed to be equalto the emission voltage of the
heater; the inner lead carries the d-c voltage from diode. A voltage divider in the balance channel di-
the RC filter to the voltmeter. Ground return is vides the compensating voltage in the same propor-
made through the inner shield. tion as the input range switch divides the emission

voltage so that the amplifier wili always be compen-
sated when the a-c probe is connected. The AC zero

3.3 RANGE EXTENDING RESISTORS set contrai on the front panel adjusts the compen-
sating voltage to exactly balance the voltage produced

To extend the voltage range aver which both a-c and by the diode thereby bringing the meter to zero.
d-c measurements can be made, a precision volt-
age divider is connected to the input of the d-c ampli- For d-c measurements the second input to the differ-
fiero The taps on the divider are arranged so that ential amplifier is grounded and serves only to supply
the input to the amplifier does not exceed approxi- a d-c level to balance the bridge.
mately .85 volt far a full-scale reading on d-c volt- 
age measurements. On a-c measurements approxi-
mately 1.17 volts is applied to the amplifier for a 3.5 METER CIRCUIT
full-scale reading. This increased voltage on a-c
measurements is compensated by resistors in series The double-ended output of the differential ampli-
with theindicating meter, as described later. fier is applied to a bridge circuit across which is

connected the indicating meter, as illustrated by
The precision voltage divider is made up of high- the diagram in Figure 3-5. Two arms of the bridge
stability deposited carbon type resistors mounted are triode tubes whose grids are connected to the
on a seven-position rotary switch which serves as two sides of the differential amplifier. With no volt-
the range switch far the instrument. age being measured, the two triodes bave equal grid

potentials and the bridge is in a balanced state. The
front pane l ZERO SET control R19a, a potentiometer

3-4 DC AMPLIFIER located between the two legs of the bridge and the
d-c supply voltage, establishes the exact electrical

The taps on the precision voltage divider connect balance of the bridge for ali types of operation.
through the range switch to one input of the differ- Potentiometer R32 is connected in series with the
ential voltage amplifier. The amplifier consists of meter to adjust the sensitivity of the meter circuit
the two halves of a i2AU7 twin triode. The principle to the precise required value.
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+50 VDC + 150 VDC
REGULATED UNREGULATED

VOLTAGE TO BE
MEASURED

V2A V3A
12AU7 I/ZI2.AU

.
RI9A

-50 VDC -150 VDC ZERO
REGULATED UNREGULATED ADJ.

V28 V38
DIODE EMISSION ,.-.}fz 12AU7 I/ZI2AU7 ,.-,

COMPENSATING VOLTAGE,' " " '\

AC

DCQ
OHM.:L

+50 VDC +150 VDC
REGULATED UNREGULATED

Figure 3-5. Basic DC Amplifier Circuit

To permit measurement of either positive or negative and d-c ranges. For the one and three volt a-c
d-c voltages without reversai of the test Ieads the ranges, however, it is necessary to use special
SELECTOR switch reverses the meter within the meter scales because the probe diode operation at
bridge so that an up-scale reading is obtained with Iow voltages is non-linear.
either polarity.

For a-c roeasurements the range switch of the volt- For resistance measurements the SELECTOR switch
meter connects in series with the meter additionai connects the meter in series with the front panei
current-reducing resistors (R35 through R40) to OHMS ADJ. <XI contrai which adjusts the sensitivity
reduce the meter current by approximateIy 30% so of the meter to obtain a precise full-scale indication
that the same meter scale can be used far the a-c before making a measurement.
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3.6 RESISTANCE MEASUREMENT voltage far operation of the differential d-c ampli- 
fier, ohmmeter circuits, and diode compensating 

When the multimeter is to be used to measure re- circuits. D-c power far operating the bridge is ob-
sistance, the range switch connects an additional tained directly from the rectified output of the power
set of precision resistors to the input of the d-c supply. A regulated heater voltage of 5 volts a-c
amplifier as shown in the block diagram in Figure is also provided far the probe diode, regulation being
3-1. A small, stable voltage of about 1.2 volts is obtained through the use of the constant current baI-
taken from the regulated power supply and applied last tube V6. Potèntiometer R50 shunting the diode
through a precision resistance to the input of the heater is used to adjust the voltage across the heater
d-c amplifieT thereby causing full-scale deflection to 5 volts. A small resistor is connected in series
of the meter. The resistance to be measured is with the heater of V2 to operate this heater on ap-
then connected between the input of the d-c ampli- proximately 4-1/2 volts. The heater winding also
fier and ground. This resistance thus completes a supplies a voltage which is rectified by a metallic
voltage divider and reduces the voltage applied to the rectifier far the RX1 resistance OHMS range only.
amplifier, bringing the meter reading down-scale. This voltage is adjusted to approximately 1.2 volt
The range switch of the multimeter connects ap- by R49 to obtain full-scale deflection on the RX1
propriate values of precision resistors into the range consistent with that on the RX10 range, when
ohmmeter circuit to extend the resistance-measur- the line voltage is at 115 volts.
ing range. (On the RX1 range the necessary volt- age comes from a small selenium rectifier which 

is not regulated.) The power transformer far the multimeter is equipped 
with two primary windings so that the instrument may 
be connected far operation on either 115 or 230 voli

3.7 POWER SUPPLY power. The windings are connected in parallel far
use with 115 volts, and in series far 230 volts. For

The power supply circuit includes a full-wave recti- proper phasing of the windings the terminals on the
fier \vith an RC filter at the output mtherectifier. An transformer are numbered and wired as shown on
082 105-volt regulator tube provides regulated d-c the schematic diagram far the multimeter.

HP 4108 VTVM.max



Sect. IV page 1

SECTION IV

MAINTENANC

4.1 INTRODUCTORY imum life oi the probe diode. To check the heater
voltage oi probe diode VI:

No routine maintenance procedures are required
ior th~ ti> Mode~ 410B. When rep~a~ing a~y oi the t} Remove back cover irom the instrument by
tubes In the equlpment, however, lt IS deslraple to pushmg down the button at the top rear oi cabine t
check the accuracy oi the multimeter. To do this and slide the back cover off.
it is necessary to bave a precision d-c voltmeter
and a precision a-c voltmeter, preierabl~ oi the 2) Remove two retaining screws irom instrument
dynamometer type. The accuracy oi these mstru- rear and sUde instrument chassis iorward out oi
ments should be within 1-2%, because the basic ac- cabinet..
curacy of the 410B is within 3%. The procedure to
foUow in checking and adjusting the calibration oi 3) Connect 410B to variable power transformer,
the instrument are described in paragraphs 4-4 and set Une voltage to 115 volts (or 230 volts) and turn
4-5. 410B ono

I! a tube failure occurs after an extended period of use 4) Connect an ac voltmeter such as (@)Model 400DI
&1ch as 1000 hours of operat~ time, it i~ desirable H IL or Model 403A, between pin 7 oi VB (baUast
to replace ali tu t tlme, to avold need far tube) and chassis ground. I! necessary adjust R50
more frequent  than necessary. to obtain 5. O volts rms. '

A trouble-shooting chart listing possible operating
troubles is included at the end oi this section (para-
graph 4-7). REPLACEMENT CF V2 AND V3 -

When V2 or V3 are replaced, rive checks should be
made:

4.2 TUBE REPLACEMENT . . ..
1. Amplifler balance Wlth lllle voltage at 115 volts.

REPLACING VI -
When replacing probe diode VI, some change in a-c 2. Microphonics: stability oi the zero adjustment
voltage-measuring accuracy may occur on the lower when the tubes are jarred.
three a-c measuring ranges oi the instrument. In
a typical case these changes will be less than 2%. 3. Amplifier balance with line voltage change from
With some diodes the changes can be greater than 103 to 127 volts.
this, however, so it is desirable to recheck caIi-
bration accuracy. 4. Gas in V2.

The quality oi the individuaI replacement diode will 5. Voltage calibration.
also efiect the high irequency accuracy of the in-
strumento However, specialized equipment is neces- NOTE
sary far checking the high frequency accuracy. I!
high frequency errors are suspected with a new diode The foUowing instructions describe a procedure
installed, it is recommended that another replacement which will provide optimum instrument performance
diode be tried. over a wide range oi line voltages. It is based on

the procedure used at the iactory. I! such perform-
The heater voltage should be checked when probe ance is not needed, the care in selection oi tubes
diode VI is replaced. Accurate setting oi this volt- can be reduced considerably.
age is nec~ssary tI> insure proper operation andmax- HP 4108 VTVM.max
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Figure 4-1. Test Probe Assembly, Including Exploded View of AC Probe

The following steps should be performed in tl1e arder V2. With V3 only in its socket, check the ZERO
given. If a tube fails to pass any test, it must be re- ADJUST range on both (+) DC and (-) DC. Ideally,
placed and alI tests repeated again in tl1e proper it should be tl1e same in botl1 positions of the FUNC-
or.der. TION switch. Select several tubes which are as

nearly balanced as possible, by trying them in the 
To obtain maximum range of adjustment of the ZERO V3 socket. Use the tube which has the best balance SET control it is necessary that tl1e four triode sec- far V2 and tl1e next best far V3. To insure the best 

tions of the two 12AU7 tubes be similar in plate cur- margin of zero adjustment, the tubes should be se-
rent characteristics. It is possible to have a com- lected to allow tl1e ZERO ADJUST contrai to move
bination of tubes which will have very little zero the meter pointer at least 1/3 of the way up scale 
adjustment range on, say, (+) DC VOLTS and an both witl1 (+) and (-) DC VOLTS positions of tl1e 
excessive amount on (-) DC VOLTS. This is caused FUNCTION switch, when bolli tubes are in their 
by non-uniformity between tubes. These character- sockets. Next, check far microphonics by first 
istics also change considerably in the first 50 hours accurately setting the ZERO ADJUST to zero the 
of tube operation. meter and tl1en tap V2 and V3. li tl1e meter zero

irratica1ly changes position, one or bolli of tl1e tubes 
A suggested method far determining if individuaI have loose elements, which allow tl1e static plate 
tubes are reasonably balanced is to first remove current to change value when jarred. Generally, 
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V2 is the most sensitive and should be suspected causes the m eter zero setting to change. NOTE: first. li the elements in V3 are very loose, it will The effects of this test should not be confused"\Vrth 
cause the same indication. The detective tube or those of microphonic tubes. The Microphonic tube
tubes should be replaced with ones which are of test must bave been passed first.
more sound construction. The balance test must
be again repeated as described above.

T . th t th th d ... l th Final voltage calibration should be made alter tubeso msure a e ca o e em1ss1on 15 amp e, e . .
l . lt h ld b t t 115 lt AlI th bave been mstalled Wh1ch pass ali the above checks.me vo age 5 ou e se o vo s. ow e. . . .
. . Smce the gam character1stlcs change somewhat dur-
mstrument to heat run far atleast 5 mmutes. Zero. th f . t fifty h f t . .t . d .

bl. mg e 1rs ours o opera 10n, l 15 es1ra eset the meter. Reduce the lme voltage to 103 volts t h t th . st t f t l t fu . l belo.. o ea run e m rumen or a eas lS ong re
far a per10d of at least 1 mmute. li the tubes have fina! al .b t . . d Th al .b t . ed. . . . a c l ra 10n 15 ma e. e c l ra 10n proc ure
good cathode em1SS10n character1stlcs, the meter t b f 11 d alt l t f V2 V3 . d.. . o e o owe er repacemen o or 15 es-
zero will not dnft more than approx1mately 5%. li .. 4-4the zero drifts down scale to the left, the amount of cr1bed m paragraph .
drift can be measured from changing the position
of the FUNCTION switch to the apposite polarity:
(+) to (-) or vice versa, depending on the originaI
position, so an up scale reading is obtained. 4.3 REPLACEMENT OF BALLAST TUBE V6

li the drift is not excessive, return the line voltage Failure of V6 is usually caused by overloading due
to 115 volts and.r.eset the meter zero.. After ~he to shortso For this reason, before installing a new
tubes bave stab111zed at 115 volts! ra1se the l~e ballast tube, it is recommended that the resistance
voltag: to 127 volts and repeat the drift check. Agam between pin 7 of V6 and ground be checked with V6
the drift should be less than 5%. li not,. try another removed tram socket. The resistance will initially
tube or tubes. . V2 should be replaced f1rst and .then read 2 to 3 ohms and slowly increase. 1£ the reading
V3. AlI prev10us steps should be repeated fIrst. does not increase to above 4 ohms, there may be a

. shorto li the resistance increases to aver 4 ohmso
To check far a gassy V2, f1rst accurately ze~o set it is ordinarily safe to install the new ballast tube,
the meter. Check the accuracy of the settmg by
switching the FUNCTION switch from (+) to (-) and
back. li the sett~ is perfect, the meter pointer will After installing the new ballast tube, measure the
not move. Feed m a d-c voltage of exactly 1. O volto heater voltage of probe diode V1 (see para. 4-2)(To facilitate this test the voltage should be fed o

through a dpdt switch so that the polarity can be
quickly switched. li this is not done, it is very dif-
ficult to determine by eye if the two readings are
the same within 1%). 4-4 BASIC VOLTAGE CALIBRATION

li V2 is gassy, a certain errar exists on the 1 volt
range due to the gas current flowing through the Before attempting to adjust either the a-c calibration
100 megohm resistive divider. Since the basic ampli- accuracy or the ohmmeter calibration accuracy, it
fier gain is set with the FUNCTION switch set to is necessary that the calibration of the d-c measur-
(+), this errar is compensated far when the gain is ing circuits be accurate. Checking the d-c calibra-
set. When the polarity is reversed, however, the tion accuracy is also recommended after replacing
grid is biased negatively by the measured voltage V2 or V3. The procedure is as follows:
and thé value of the gas current changes somewhat.
This results in a different reading. a. Connect multimeter to a 115-volt power source

and allow to heat far at least 15 minutes. It is
A second method of cbecking far gas current is, to desirable that the line voltage be accurately adjusted
first accurately set the meter zero as described to 115 volts or to the predominating line voltage
above. The RANGE SWITCH should be on the 1 VOLT value if that value is somewhat less or more than
DC range. Rotate the RANGE swrrCH to 300 VOLTS. 115 volts. The power transformer in the equipment.
If the input tube V2 is gassy, the zero will shift when is also designed to accommodate 230 volt lines; if
the RANGE SWITCH is rotated. The grid impedance the equipment is operated tram 230 volt lines, the
to ground is 100 megohms on the 1 VOLT range and above information should be modified accordingly.
approximately 300, 000 ohms, on the 300 voli range
(neglecting a fixed 5.6 megohm resistor). The effects b. Remove the back cover tram the instrument.
of the gas current are thus reduced as the RANGE To remove the cover push down the butto n at
SWITCH is advanced to a higher range, which in turn the top rear of the cabinet and slide back cover off.
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c. Zero set the instrument with the RANGE switch d. Apply to the a-c probe a voltage of exactly 1

set to the 1 volt range and the SELECTOR switch volt rms. This voltage should bave an accurate,

set to the + and - {X>sitions as described in paragraph undistorted sine waveform. The frequency of this

2-5. voltage should preferably be 100 cps or higher if

permitted by the frequency characteristic of the 

d. Set SELECTOR switch to +. Range switch should dynamometer voltmeter. A good voltage source 

remain at 1 volto far this purpose is an accurate audio oscillator such

as the (~Model 200AB, 205AG, etc. To determine

e. Apply exactly 1 volt d-c to the d-c test leads. that the voltage applied to the probe is accurate,

This 1 voI t value can be obtained using a bat- it should be monitored by the precision dynamometer 

tery and potentiometer arrangement. The voltage type voltmeter. 

applied to the voltmeter should be monitored and

adjusted using the precision d-c meter described e. With exactly 1 volt rms applied to the probe, 

earlier. With exactly 1 volt applied to the multi- the voltmeter should indicate exactly full-scale

meter the meter pointer should indicate an exact on the 1 volt a-c (red) meter scale. li not, adjust

full-scale reading on the uppermost scale. li neces- R35 (available through back of instrument). 

sary, adjust R32 through the back of the instrument

to make the meter read exactly full-scale. R32 is f. Set the RANGE selector tu the 3-volt range.

identified in Figure 4-2 and by appropriate markings Increase voltage applied to probe to exactly

on the back of the instrument. 3 volts rms. Adjust potentiometer R39 to obtain

accurate full-scale reading on the 3 volt a-c (red)

f. The calibration of the remaining d-c ranges meter scale.

should now be checked ingoiar as the external ,

precision meter and d-c source will permit. No g. Calibrate the remaining a-c ranges, reading

adjustment circuits are provided, however, far the the 1 and 3 volt d-c (black) scales of the meter.

remaining d-c ranges. The accuracy of these ranges The following chart shows the adjusting {X>tentiom-

is determined by the values of the precision range eters far each of the a-c ranges.

switch resistors R3 through R9. A gross inaccuracy

in any of the remaining d-c ranges indicates an in-

correct range resistor or resistors. RANGE Calibrating Adjustment

Switch Setting Voltage Resistor

g. Check a-c calibration accuracy as described

below. IV 1V RMS R35

3V 3V RMS R39

10V 10V RMS R40

4-5 AC VOLTAGE CALIBRATION 30V 30V RMS R36

100V 100V RMS R37

The accuracy of the a-c voltage ranges of the multi- 300V 300V RMS R38

meter should be checked after the probe diode VI

has been replaced. Before checking the a-c ranges,

it is desirable to adjust the basic d-c voltage cali-

bration as described above in paragraph 4-4. The 4-6 OHMMETER ADJUSTMENTS

procedure far checking and adjusting the a-c cali-

bration is as follows: No internaI adjustments are provided for the ohm-

meter circuits other than for the full-scale setting

a. Adjust line voltage as described in step a. of of the RXl range. The full-scale setting of the RXl 

paragraph 4-4 above; remove back cover as range may begin to differ tram that of the other

described in step b. of the same paragraph. ranges as selenium rectifier CR1 ages. (Assuming

the line voltage is the same value as when R49 was

b. Set SELECTOR switch to a-c and RANGE switch originally set.) To adjust the full-scale setting of

to 1 volt position. Allow equipment to heat far the RX1 range to be equal to the full-scale setting

at least 15 minutes with these switch settings. of the other ranges, proceed as follows:

C. Set the FUNCTION switch to (+) DC and set the a. Connect multimeter to power line and allow to

meter zero. Check by switching from (+) to (-) warm up. Normally the multimeter should be

and back. There should be no shift. Set the FUNC- operated from 115 volts; however, if it is to be oper-

TION switch to AC. Zero set a-c circuit with the ated at line voltages substantially higher or lower

AC ZERO contrai. (The RANGE switch stilI at the than 115 volts the adjustment may be made at the

1 volt position.) expected line voltage.
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b. Zero set the instrument as described in para- e. If meter pointer does not read exactly full-scale
graph 2-3. (cc), remove back panel from multimeter case

and adjust R49 as necessary. 

c. Set RANGE switch to RXI0 range and adjust The accuracy of the RXl range is not affected if the
OHM ADJ. (X) for exact full-scale maer reading. full-scale (CXJ) is not the same for RXl and RXI0 

and above, since the OHMS ADJ. CXJ control should o!
be adjusted to bring the pointer to (IX;) before mea- 

d. Set RANGE switch to RXl range. surements are made. 

4.7 TROUBLE SHOOTING CHART

Table 4-1. Trouble Shooting Chart

SYMPTOM CAUSE OF TROUBLE REMEDY AND CHECKS 

AC power cord plugged in, in- Defective power cord, plug, or Check power source and con- 
strument turned on, pilot light receptacle. nections. . 

does not light and no readings . . 
obtained. Fuse (Fl) blown. Check fuse (Fl) and rectifler 

tube V5.

Defective a-c Switch. Check. power switch continuity. 

No readings obtainable, no zero Defective tubes V2, V3 or V5. Check V2, V3, and V5, if neces-
adjustment, pilot lamp lights. sary, replace and recalibrate,

see paragraph 4-2.

Zero set drift or zero set not Defective tubes V2 and V3. Check tubes V2 and V3, replace 
possible. and recalibrate, see paragraph

4-2.

No a-c readings, d-c readings Probe cap loose, defective VI Tighten probe cap. Check VI 
normal. or V6. for operation.

. 
A-c zero set drifts or inaccurate Defective VI. Replace VI and recallbrate as 

a-c readings only on alI ranges. instructed in paragraph 4-3. 

A-c zero set not possible. Outside shield of a-c probe cable Check cable and repair short.
shorted to ground.

Inaccurate d-c and a-c readings. Defective V2 or V3, defective Check V2 and V3 or R3 through
range resistor (R3 through R9), R9, readjust R32 as instructed
misadjustment of R32. in paragraph 4-4.

Erroneous resistance readings Burned resistors RI0 through Check resistors RI0 through
following use of OHMS probe on R13. R13 and if necessary, replace 

high d-c voltage. burned resistor.
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Figure 4-2. Rear View of Model 4108 Chassls Removed trom lnstrument Case
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Figure 4-3. Right Side View of Model 410B
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SECTION V

TABLE OF REPLACEABLE PARTS

NOTE

,
Standard components bave been used in this instrument, 

whenever possible. Special components may be obtained

tram your local Hewlett-Packard representative or tram

the factory.

When ordering parts always include:

l. ~ Stock Number.

2. Complete description of part including circuit
reference.

3. Model number and serial number of instrument.

4. If part is no t liste d, give complete description,
function and location of parto

Corrections to the Table ol Replaceable Parts are listed

on an Instruction Manual Change sheet at the front of this

manual.

RECOMMENDED SPARE PARTS LIST

Column RS in the Table lists the recommended spare parts

quantities to maintain one inst.rument far one year of iso-

lated service. arder complete spare parts kits tram the

Factory Parts Sales Department. ALWAY.S MENTION THE

MODEL AND SERIAL NUMBERS OF INSTRUMENTS INVOLVED.

12-1-59 
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TABLE OF REPLACEABLE PARTS

cmcurr '/jjJ STOCK
REF. DESCRIPTION, MFR. . &MFR. DESIGNATION NO. TQ RS

C1~ 2 Capacitors: part of AC probe .

C3 Capacitor: fixed, mica 0140-0017 l 1
4700 pf z*

C4 thru Capacitor: fixed, ceramic 0150-0014 6 2
C9 .005;i.f, 500 vdcw K*

C10 Capacitor: fixed, electrolytic, 0180-0055 1 l ,
4 ,.li, 450 vdcw CC* ;

CR1 Rectifier, metallic Federa! Tel & Radio 1880-0005 1 l

Fl Fuse, cartridge: 0.6 amp, slow blow, 2110-0016 1 10
for 115V operation T*

.

Fuse, cartridge: 1/4 amp, slow bloW, 2110.0018
far 230V operation E*

Il Lamp, incandescent: 6-8V 2140-0009 1 l
.15 amp, #47 N*

MI Meter HP* 1120-0009 1 l

Pl Power cord Elec. Cords Co. 8120-0050 1 l

Rl Resistor: fixed, composition, 0690-2261 2 l
22 megohms, :t 10%, 1 VI B*
part of Cable Assembly,

DC probe

R2 Same as R1 (part of AC probe)

R3 Resistor: fixed, deposited carbon, 0730-0079 1 l
216,300 ohms, :tl%, 1 W Hp.

R4 Resistor: fixed, deposited carbon 0730-0096 1 l
683,700 ohms, :t 1%, 1 W HP*

R5 Resistor: fixed deposited carbon, 0730-0113 1 l
2. 163 megohms, :t 1%, 1 W Hp.

R6 Resistor: fixed, deposited carbon, 0730.0130 1 1
6.837 megohms, :t 1%, 1 W Hp.

* See ,r List of Manufacturers Code Letters For Replaceable Parta Table" .

TQ - Total quantity used in the instroment.
RS - Recommended spares far one year isolated service for one instrument.
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TABLE OF REPLACEABLE PARTS

cmcurr ~ STOCK
REF. DESCRIPTION, MFR. . &MFR. DESIGNATION NO. TQ RS

R7, 8 Resistor: fixed, deposited carbon 0733 -0005 2 1
21.63 megohms, :t 1%, 2 W Hp.

R9 Resistor: fixed, deposited carbon, 0733-0011 1 1
46.74 megohms, i: 1%, 2 W Hp.

R 10 Resistor: fixed, deposited carbon, 0727 -0043 1 l
100 ohms, i: 1%, 1/2 W NN.

R11 Resistor: fixed, deposited carbon, 0727 -0095 1 l
900 ohms, i: 1%, 1/2 W NN*

R12 Resistor: fixed, deposited ~arbon, 0727-0152 1 l
9000 ohms, i: 1%, 1/2 W NN.

R13 Resistor: fixed, deposited carbOn, 0727-0203 1 l
90,000 ohms, i: 1%, 1/2 W NN*

R 14 Resistor: fixed, deposited carbon, 0727 -0251 1 l
683,700 ohms, :t1%, 1/2 W Hp.

R 15 Resistor: fixed, deposited carbon, 0727 -0223 1 l
216,300 ohms, :t 1%, 1/2 W Hp.

R 16 Resistor: fixed, composition, 0687 -6831 1 l
68,000 ohms, i:l0%, 1/2 W B*

R17 Resistor: fixed, composition, 0687 -2231 1 l
22, 000 ohms, i: 10%, 1/2 W B*

R 18 Resistor: fixed, composition, 0687 -1031 1 l
10, 000 ohms, i: 10%, 1/2 W B*

R19 A, B Resistor: variab1e, wirewound, 2100-0050 1 l
2 sections, front: 100 ohms,
rear: 200 ohms i: 10%, 2W BO*

R20 Resistor: fixed, composition, 0689-3955 2 l
3.9 megohms, :t 5%, 1 W B.

R21, 22 Resistor: fixed,deposited carbon, 0727-0244 2 l
500,000 ohms, :t1 % 1/2 W NN.

R23 Resistor: fixed, composition, 0689-1365 1 l
13 megohms, i: 5%, 1 W B* 

R24 This circuit reference
not assigned

* See Il List of Manufacturers Code Letters For Replaceab1e Parts Table'l .
TQ - Total quantity used in the instrument.
RS - Recommended spares far one year isolated service for one instrument. 
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TABLE OF REPLACEABLE PART8 

cmcun' ifi); STOCK 
REF. DESCRIPTION, MFR. * &MFR. DESIGNATION NO. TQ RS 

R25 Same as R20 

R26 Resistor: fixed, composition, 0689-6815 2 1
680 ohms, % 5%, 1 W B*

R27 Resistor: fixed, composition, 0689-2715 2 1
270 ohms, % 5%, 1 W B*

R28 Resistor: fixed, composition, 0687 -5651 1 1
5.6 megohms, %10%, '1/2 W B*

R29 Same as R2"l

R30 Sltme as R26 

R31 Resistor: variable, composition, linear taper, 2100-0036 1 1 
1000 ohms z20%, 1/2 W G* 

R32 Resistor: variable,composition, linear taper, 2100-0185 4 1
500 ohms z30%, 1/4 W BO*

R33 Resistor: fixed, composition, 0693-6821 1 1
6800 ohms, % 10%, 2 W B*

R34 Resistor: fixed, composition, 0693-10331 1 1
10, 000 ohms, % 10%, 2 W B*

R35 Same as R32

R36, 37, Resistor: variable, wirewound, 2100-0206 3 1
38 50 ohms, z10%, 1 W Mel-Rain Corpo

R39, 40 Same as R32

R41 Resistor: fixed, composition, 0693-4721 1 1
4700 ohms, z10%, 2W B*

R42 Resistor: fixed, composition, 0690-1011 1 1
100 ohms, z10%, 1W B*

R43 Resistor: fixed, composition, 0690-2721 1 1
2700 ohms, z10%, 1W B*

R44 Resistor: fixed, composition, 0690-2221 1 1
2200 ohms, z10%, 1W B* 

R45,46 Resistor: fixed, wirewound, 0816-0006 2 l 
5000 ohms, z10%, 10W S* 

. See Il List of Manufacturers Code Letters For Replaceable Parts Table" .
TQ ~ Total quantity used in the instrument.
RS - Recommended spares far one year isolated service far one instrume nt,
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cmcurr ~ STOCK
REF. DESCRIPTION, MFR. - & MFR. DESIGNATION NO. TQ RS

R47 Resistor: fixed, wirewound, 410B-26 1 1
12 ohms HP*

R48 Resistor: fixed, composition, 0693-3301 1 1
33 ohms, :1:10%, 2W B*

R49, 50 Resistor: variable, wirewound, 2100-0035 2 1
25 ohms, :1:10%, 3WPrecision Parts Co.

R51 Resistor: fixed, composition, 0690-1001 1 1
10 ohms :I: 10%, 1 W
Optimum va.lue selected at factory
Average value shown B.

R51A Resistor: fixed, composition, 0690-1801 1 1
18 ohms :t 100/0, 1 W B-

R52 Resistor: fixed, composition, 0690-3301 1 1
33 ohms, :1:.10%, 1 W B-

R53 Resistor: fixed, composition 0690.3311 l l
330 ohms, :1:10%, 1W B-

SlA thru Selector Switch Assembly HP- 410B-19A 1 1
SlG Switch, rotary: less components W' 3100.0065 l

SlH Switch, power: rear section cf W' 3130-0030
selector switch

S2 Range Switch Assembly Hp. 410B-19W 1 l

T1 Transformer, power Hp. 9100-0021 1 l

V1 Tube, electron: 2-01C Hp. 1920-0008 l l
or

Tube, electron: EA53 Hp. 1920-0010

V2,3 Tube, electron: 12AU7 HP* G-73R 2 2

Tubes selected far best performance will be
supplied by '~(if ordered by ~Stock No. ),
but tubes meeting EIA standards will normally r~
result in the instrument operating within speci- ~'"

fications.

V4 Tube, electron: OB2 ZZ* 1940-0007 l 1 

V5 Tube, electron: 6X4 ZZ' 1930-0016 l 1 

V6 Tube, ballast: #6-4 C' 0852-0003 l l

./

- See Il List oi Manufacturers Code Letters For Replaceable Parts Table" .
TQ- Total quantity used in the instrument.
RS- Recommended spares far one year isolated service far one instrument.
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MISCELLANEO US

Connector board: male HP* 410B-76M 1 1

Holder, fuse: T* 1400-0007 1 1

Pilot lamp jewel n* 1450-0003 1 l

Knob: engraved AC HP* G-74AC 1 1

Knob: SELECTOR, RANGE HP* G-74N 2 1

Knob: ZERO ADJ. HP* G-74J 1 1 
Knob: OHMS ADJ. HP* G-74C 1 l 

The nnmbers shown in the circuit reference 

column identify the following parts on the

Complete Probe Assembly drawing.

Assembly, Test lead, includes AC probe 
(less diode) DC probe, Ohms probe, 

Common Lead, female connector board

and shield HP* 410B-21-
95A

Assembly, AC probe (less diode) with cable 410B-21-
HP* 95B

Assembly, DC probe with cable HP* 410B-21-
95C

Assembly, Ohms probe with cable 410B-21-
HP* 95D

Assembly, Common Lead HP* 410B-21- 

95E 

NOTE: The numbers shown in the circuit
reference column identify the following parts 
shown in Figure 4-1. 

1 Jumper, ground, far AC probe HP* 410B-21J 

2 Clip, ground, far AC probe HP* 410B-21H 

3 Probe head HP* 410B-23D 

4 Sleeve, far AC probe HP* 410B-21E 

* See "List of Manufacturers Code Lettera For Replaceable Parta Table" .

TQ - Total quantity used in the instrument.

RS - Recommended spares far one year isolated service far one instrument. 
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5 Screw, Machine, Fillister Head, 2220 -0001
No. 4-40 x 3/16 in. HP*

6 Assemb1y, probe contact, for AC Probe HP* 410B-21C

7,8 Tip and contact spring (for 2-01C diode) HP* 410B-21N
(for EA53 diode) Hp. 410B-21P

9 Tube, eIectron (see V1)

10,11 AssembIy, socket, fo, probe diode Hp. 410B-21B

12. Ring, retaining 410B-21F

13 CIip, alligator Hp. 1400-0046

14 CabIe, biack, 48 in. Hp. 8160-0001

15 NeedIe, phono Hp. 1490-0013

16, 17, 19 Body, DC probe Hp. 410B-21L

18 Resistor: fixed, composition, (see R1)

20 Nut Hp. 410B-21K

21 CabIe, coaxial, 48 in. Hp. 8120-0003

22 Same as 15

23,24,25 Body, Ohms probe Hp. 1490-0011

26 CabIe, red, 48 in. Hp. 8160-0002

27 Nut, No. 4-40 x 3/16 in. Hp. 2340-0001

28 Washer, Iock, No.4, 1/16 in. Hp. 2190-

29 Washer, fiber, extruded Hp. 3050-0005

30 Connector, female board Hp. 410B-76F

31 Shield, test Iead terminaI board Hp. 410B-55

32 Screw, Machine, Round head, 2360-0015
No. 6-32 x 1-1/8 in. Hp.

.
33 Screw, Machine, Fillister Head,

No. 4-40 x 3/4 in. Hp. 2220-0006

34 Washer, flat, steel, No.6 Hp. 3050-0016
'.~~ "' , _o_.. - " ,'.',' " I. See Il Llst of Manufacturers Code Letters For Replaceabie Parts Table" .

TQ - Total quantity used in the instrument.
RS - Recommended spares for one year isolated service for one instrument.
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CLAIM FOR DAMAGE IN SHIPMENT
The instrument shouId be tested as soon as it is received. If it fails to operate

properly, or is damaged in any way, a claim should be filed with the carrier. A Culi
report of the damage shouId be obtained by the claim agent, and this report should
be forwarded to uso 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.

WARRANTY
Hewlett.Packard Company warrants each instrument manufactured by them to

be free from defects in material and \vorkmanship. Our liability under this warranty
is limited to servicing or adjusting any instrument returned to the factory for that
purpose and to replace any defective parts thereof. Klystron tubes as well as other
electron tubes, fuses and batteries are specifically excluded from any liability. This
warranty is effective for one year after delivery to the originaI purchaser when the
instrument is returned, transportation charges prepaid by the originaI purchaser,
and when upon our examination it is disclosed to our satisfaction to be defective. If
the fault has been caused by misuse or abnormal conditions of operation, repairs
will be billed at costo In this case, an estimate will be submitted before the work is
started.

li any fault develops, the following steps should be taken:

l. Notify us, giving fuiI details of the difficulty, and include the model number
and serial number. On receipt of this information, we will give you servite data
or shipping instructions.

2. On receipt of shipping instructions, forward the instrument prepaid, to the
factory or to the authorized repair station indicated on the instructions. If requested,
an estimate of the charges will be made before the work begins provided the instru-
ment is not covered by the warranty.

SHIPPING
All shipments of Hewlett-Packard instruments should be made via Truck or

RaiIway Express. The instruments should be packed in a strong exterior container
and surrounded by two or three inches of excelsior or similar shock-absorbing material.

DO NOT HESITATE TO CALL ON US

HEWlETT-PACKARD COMPANY
..l"~J_,..t_,..1 a.7_t"."I~,~ ~,. J;rll.l ~~.I Sd """"~".1

1501 Page Mill Road Palo Alto. California 

CA8L£ l "H£WPACK"
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