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SPECIFICATIONS

RANGES:

ACCURACY:

FREQUENCY RESPONSE:

INPUT IMPEDANCE:

PROBE:

POWER SUPPLY:

SIZE:

WEIGHT:

RACK MOUNTING:

ACCESSORIES
AVAILABLE:

1 to 300 volts full scale in 6 ranges: 1, 3, 10, 30, 100, and 300 volts
AC or DCand 0-1000 volt range DC. Resistance 0.2 ohm to 500 meg-
ohms in seven ranges. Mid-scale reading of 10, 100, 1, 000, 10, 000,
100, 000 ohms, 1 megohm, and 10 megohms.

£3% of full scale on all 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 +1 ohm at mid-scale
of RX1 range, +5% at mid-scale of all other ranges.

Frequency response is flat within+1 db up to 700 mc and drops off less
than 1db at 20 cps. Probe resonantfrequency isabout 1, 250 mc and an
indication can be obtained up to 3, 000 mc.

Input capacity is 1.5 pf; input resistance is 10 megohms at low frequen-
cies. At high frequencies resistance drops off dueto dielectric losses.
DC input resistance is approximately 122 megohms for all ranges.

The probe is approximately 1" (2. 54 cm) diameter and 4-1/2" (9.4 cm)
long. It is equipped with a ground clip, and the connector may be sol-
dered to the point under test. Adapting connectors are available to
measure voltages in coaxial transmission lines.

115/230 volts +10%, 50/1, 000 cps, 40 watts.
Cabinet Mount: 11-1/2" (29.2 cm) high, 7-3/8'* (18.7 cm) wide, 8-3/4"
(22.2 cm) deep. Compartment at rear of instrument storesprobe and

test leads when not in use.

Cabinet Mount: 12 1lbs.(5. 4 kg); shipping weight approximately (7. 65kg)
Rack Mount: 12 1bs.(5. 4 kg); shipping weight approximately (9. 0 kg)

Available on standard RETMA 7' x 19" panel.
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3,2) NOTE:
DIMENSIONS IN INCHES AND (MILLIME TERS).

11039A Capacitive Voltage Divider, 25 KV max. , requires 11018A
Adapter.

11040A Capacitive Voltage Divider, 2 KV max.

11042A Probe Coaxial"T'" Connector, for Type ''N'' systems.
11044A DC Resistive Voltage Divider, 30 KV max.

11043A Coaxial '"N'' Connector, adapts to Type ''N" systems.
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| WARNING I

The a-c probe shell, the common groéound clip lead, the instrument chassis
and cabinet, and the green grounding lead in the three-conductor power cable
are electrically connected together at all 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. If 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 all power distribution systems is grounded. Extreme cau-
tion must be used if direct measurement of power system voltages is at-
tempted., If the ground clip lead is accidentally connected to the ungrounded
side of the line, severe damag'e 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 0 volts while contacting the ungrounded lead will give full line voltage

reading.

The 410B is designed for the measurement of audio and r-f voltages and is
excellent for this purpose. In normal practice these voltages are almost
always measured with respect to chassis ground and no concern need be given
to grounds. D-C voltages can almost always be determined by measurements

with respect to ground, either directly or by subtraction.



1-1 GENERAL DESCRIPTION

The & Model 410B is a laboratory quality volt-ohm-
meter that has been especially designed for making
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
megacycles. The instrument has full scale a-c
ranges of 1, 3, 10, 30, 100 and 300 volts, with
an input resistance of 10 megohms at low frequen-
cies, shunted by 1.5 pyuf. Dc ranges are provided
with full scale values of 1, 3, 10, 30, 100, 300 and
1,000 volts. The dc input resistance is approximately
122 megohms on all ranges. The ohmmeter ranges
have mid-scale values of 10, 100, 1,000, 10, 000,
100, 000, 1,000,000, and 10,000,000 ohms, Accurate
resistance readings from 1 ohm to 500 megohms are
easily made.

The meter scale calibration is very straight for-
ward. All dc voltage ranges and ac ranges 10 volts
and above are read 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
read on special, separate, red scales.

All resistance readings are made on one OHMS scale,
Figure 1-1 is a drawing of the 410B meter scales.

Figure 1-1. Meter Scale Calibration ¢ 410B
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SECTION |
GENERAL

Power for the ohmmeter circuits is supplied by the
instrument power supply which eliminates the neces-
sity of using any battery with its attendent mainte-
nance.

The high accuracy obtained with all voltage measure-
ments makes the @ Model 410B useful for a wide
variety of laboratory and field applications, especially
in high frequency work. Construction of the a-c probe
is such as to enable the operator to minimize lead
length and input capacity, factors which usually re-
strict the high frequency range in instruments of
this type. The wide range of a-c and d-c voltage
and resistance measurements combined with con-
venience of operation make the 410B very useful for
all types of circuit testing and trouble shooting as
well as development work.

1-2 POWER LINE VOLTAGE

When the instrument leaves the factory, the dual
115 volt primary windings of the power transformer
are connected in parallel for operation from a nominal
115 volt source. If operation from a nominal 230
volt supply is desired, the windings may be easily
reconnected in series. Refer to the schematic draw-
ing for details, Install the correct power line fuse
as listed in the Table of Replaceable Parts,

1-3 THREE CONDUCTOR POWER CABLE

The three conductor power cable supplied with this
instrument is terminated in a polarized three-prong
male connector recommended by the National Elec-
trical Manufacturers' Association. The third con-
tact is an offset round pin, WHICH GROUNDS THE
INSTRUMENT CHASSIS when used with the appro-
priate receptacle. To use the NEMA connector
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in a standard two-contact receptacle, a three-prong
to two-prong adapter should be used. The ground
connection emerges from the adapter as a short
lead which should be connected to a suitable ground
for the protection of operating personnel.

1-4 ACCESSORIES

The 410B is not furnished with any accessories,
however a number of special accessories are made
by @& which extend the a-c and d-c voltage range of
the instrument and facilitate a-c measurements in
coaxial systems. A description of these accessories
and their specifications is contained below; the ac-
cessories are shown in Figure 1-2,

a. @Model 11040A Capacitive Voltage Divider

TheModel 11040A Capacitive Divider shown in
Figure 1-2a extends the a-c voltage range of the
410B Multimeter to 2000 volts rms. The divider is
for use at frequencies above 10 kilocycles. Voltage
division is 100:1, +1%, and the input capacity is ap-
proximately 2 micromicrofarads.

b. @®Model 11039A Ca?acitive Volg%e Divider

The Mode apacitive Divider shown in
Figure 1-2b extends the a-c voltage range of the
410B Multimeter to as much as 25 kilovolts. This
divider permite measurement of extremely high
a-c voltages such as are encounterd in dielectric
heating equipment and similar applications. The
frequency range of the divider is from 25 cps to
20 mc, although as frequency increases, the divider
is de-rated to limit the r-f current flowing through
its capacitors. A fixed gap is provided so that break-
down will occur if the applied voltage exceeds about
28 kv at low frequencies. Voltage division is 1000:1,
+3%, and the input capacity is 15 micromicrofarads.
An adapter, @ 11018 A, is also required to comnect
the 410B AC probe to the shielded banana plug fit-
ting of the 11039A. (The 11039A fitting is designed
for use with a 400 D type meter. )

c. @®Model 11043A Probe Coaxial "N'" Connector
The Model 11043A coaxial connector shown in
Figure 1-2c allows the a-c probe of the 410B Multi-
meter to be connected to a 50-ohm coaxial line.
The connector uses a female type N connector and
a receptacle for receiving the a-c probe of the 410B
voltmeter. No terminating resistor is included.

d. @& Model 11042A Coaxial "T'" Connector
For measurements at the higher frequencies
the special T-joint shown in Figure 1-2d has been

designed for connecting the 410B Multimeter across
a 50~ohm transmission line using type N connectors.
The T-joint has been designed so that the connection
of the multimeter into a transmission line circuit will
not cause a standing wave ratio greater than 1.1 at
500 megacycles and 1.2 at 1000 megacycles, With
the aid of this device, measurement of power travel-
ing through a transmission line may be made with
reasonable accuracy to 1000 mc. The usual pre-
cautions must be taken to provide accurate impedance
matching and the elimination of standing waves along
the line through which power is flowing. By using a
dummy load at the receiving end of this T-joint,
power output of various devices can be measured.
In many applications power going into a real load,
such as an antenna, can be conveniently measured
up to frequencies as high as 1000 megacycles with
good accuracy.

e. (pModel 11044ADC Resistive Voltage Divider

The Model 11044A dc voltage divider shown in
Figure 1-2e extends the dc voltage range of the ¢
Model 410B to a maximum of 30 kilovolts. Division
ratio is 100:1, +5%, and the input impedance is
12, 000 megohms. This probe offers maximum safety
and convenience for measuring high voltages such
as in television equipment, etc. The maximum
circuit loading is 2. 5 microamperes.

1-5 INITIAL ASSEMBLY OF THE PROBE ASSEMBLY

The 410B is shipped from the factory with the probe
assembly packed in a compartment accessible by
removal of the rear cover. The banana-plug con-
nector should be plugged into the bottom of the in-
strument and secured with the two machine screws,

1-6 METER MOVEMENT MECHANICAL ZERO

Whenever the meter pointer does not indicate exactly
on zero, the pointer should be reset to zero. For
most accurate positioning of the pointer, turn the
instrument on for about 15 minutes to allow it to
reach operating temperature. Turn off the power
and wait at least 30 seconds for the capacitors in
the instrument to discharge.

The adjust screw is in the meter frame at a mid-
point immediately below the meter face. The ad-
justment is made properly only when the pointer
is traveling in the opposite direction to the turn of
the adjust screw., Although the adjust screw may
be turned in either direction, a practical procedure
is to turn the screw in a clockwise direction until
the pointer starts to swing back toward zero. Then,
still turning the screw clockwise, bring the pointer
(now traveling counterclockwise), back to zero.

)
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1-2a -hp- Model 11040A
Capacitive Voltage Divider

1-2b -hp- Model 11039A
Capacitive Voltage Divider

PROBE-T-CONNECTOR
1-2¢ -hp- Model 11043A o
Probe Coaxial "N

MODEL 11047 4
Connector

1-2d -hp- Model 11042A Coaxial "T'" Connector

L Wit L —-
1-2e -hp- Model 11044A DC Resistive Voltage Divider

Figure 1-2. Accessories for Model 410B
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PILOT LIGHT

OHMS
FULL SCALE

ADJ. AC ZERO ADJ.

DC

ZERO ADJ. RANGE SWITCH

COMMON (GND) LEAD

)
OHMS PROBE (RED) )

DC PROBE (BLACK)
FUNCTION SELECTOR
AND POWER SWITCH

AC PROBE

GROUNDING CLIP MP-S - 878

Figure 2-1. Model 410B Controls and Terminals Labeled



2-1 OPERATING CONTROLS AND TERMINALS

A description of each of the front panel controls,
the test probes, and the meter follows:

SELECTOR - This five-position switch turns the
instrument on; provides for measurements of nega-
tive or positive d-c voltage, a-c voltage, or re-
sistance; and connects the appropriate probe for
the desired measurement.

RANGE - This switch selects the full-scale volt-
age or resistance range to be used.

ZERO ADJ. - The larger, fluted knob is a basic
zero adjustment that sets the meter pointer to zero
when the SELECTOR switch is set at - and +. The
smaller knob marked AC is used to set the meter
pointer to zero following the basic zero adjustment
and with the SELECTOR switch set to AC.

OHMS ADJ.«~ - This knob adjusts the meter pointer
to full scale (») when the SELECTOR switch is set
to OHMS.

OHMS, AC, DC, COMMON - The designation at
the bottom of the control panel identify the various
test leads, which are connected underneath the in-
strument. The connector can be removed by un-
screwing the two captive round head screws in either
end of the connector. Once installed, the three
probes need not be removed, although only the one
probe in use is connected through the SELECTOR
switch to the internal circuits. Each probe has the
specialized function described below.

OHMS - The red rubber-covered cable with the
red plastic prod is used in measuring resistance.
The prod is equipped with a small chuck to hold a
steel phonograph needle. The instrument is shipped
from the factory with the sharp point of the needle
inside the chuck and can be reversed if it is neces-
sary to employ a sharp point for good connection.

Sect.II Page 1

SECTION I
OPERATING INSTRUCTIONS

The probe is the negative side of the internal volt-
age source used for resistance measurements.

AC - A cable that terminates in the shielded probe
is used for ac voltage measurements. The probe tip
contacts the point in a circuit where a voltage is to
be measured and the clip lead on the probe connects
to the ground side of the circuit.

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
phonograph needle. The instrument is shipped from
the factory with the sharp point of the needle inside
the chuck and can be reversed if it is necessary to
employ a sharp point for good connection.

COMMON - The black rubber-covered wire termi-
nated in an alligator clip is the negative connection
for all measurements except those made with the
clip lead on the end of the AC probe. The common
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
this lead is positive with respect to the red prod.

FUSE - The fuseholder, located behind the cover
in the rear compartment of the instrument, contains
a 0.6 amp slow-blow, 115 volt line cartridge fuse
replaceable by unscrewing the fuseholder cap and
inserting a new fuse. A 0.25 amp slow-blow fuse
should be used if the instrument is operated on 230
volts.

2-2 OPERATING ADJUSTMENTS

The @ Model 410B has three front panel operating
adjustments: ZERO ADJ., AC ZERO ADJ., and
OHMS ADJ.«~, ZERO ADJ. sets the meter pointer
to zero when the selector switch is in the - and in
the + positions and must be adjusted before the AC
and the OHMS adjustments are made. AC ZERO
ADJ. adjusts the meter pointer to zero when the
selector switch is in the AC position to compensate
for any small residual meter reading that appears
as the a-c probe is switched into operation. The
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AC ZERO should be adjusted when the range switch
is on the 1 volt range. OHMS ADJ. « sets the meter
pointer to full-scale when the selector switch is
turned to the OHMS position,

2.3 STEP-BY-STEP OPERATING PROCEDURES

A. Basic Zero Adjustment

1) Connect the power cable to the power line. Set
the SELECTOR switch to the (-) position and allow
instrument to heat for five minutes for stable oper-
ation.

2) Connect the DC and COMMON test leads together.
Adjust the ZERO ADJ. (outer concentric knob) con-
trol so that the meter indicates zero with the RANGE
switch set to the 1 volt range.

3) Set the SELECTOR switch to + and note the meter
reading. If the needle point has shifted, set ZERO
ADJ. so that the needle returns to the same position
for both - and + positions of the SELECTOR switch.

4) Proper zero set is indicated when the meter

zero does not shift when the SELECTOR switch is
changed from (+) to (-) and back,

B. AC Zero Adjustment

1) Make the Basic Zero Adjustment described above.

2) Set the SELECTOR switch to AC and set the
RANGE switch to the 1 volt position.

3) Connect the AC probe clip lead to the probe tip.
4) Adjust the AC knob to bring the meter pointer
to 0. L

C. OHMS Full-Scale and Zero Adjustment

1) Make the Basic Zero Adjustment described above.
2) Set the SELECTOR switch to OHMS.

3) Adjust the OHMS ADJ. « control so that the me-
ter pointer indicates © on the ohms scale. The
OHMS and COMMON test leads must not be connected
together when making this adjustment.

4) To use the ohmmeter without making the basic
zero or AC adjustment, connect the OHMS and COM-
MON test leads together, set the RANGE switch to
RXIK or higher range, and adjust the ZERO ADJ.
(outside concentric knob) until the meter pointer in-
dicates zero on the ohms scale.

5) With the OHMS test lead not shorted, set the
OHMS ADJ. « knob to bring the pointer to «.

The multimeter is now ready for operation. Before
attempting to make an actual measurement, study
the operating procedures described in the paragraphs
below.

CAUTION

The voltmeter COMMON, the AC PROBE ground clip
lead, the instrument chassis and cabinet are all
electrically tied together at all times. In addition,
the third (green) lead in the power cable is tied to
the chassis. If the three prong NEMA connector
is used in a proper mating receptacle, the 410B
will be connected to the power system ground. When
making voltage measurements, ac or dc, positive
or negative, always connect the voltmeter COMMON
or the AC PROBE ground clip lead to the chassis,
or ground, of the equipment under test. Connecting
the ground clip to any other point will automatically
ground that point to the power system ground. If a
ground path in the equipment under measurement
also exists to the power ground, a short circuit will
result, If a three-prong to two-prong adapter is used
with the pig-tail ground lead disconnected, the cabinet
of the 410Bwill assume the same potential as the point
to which the clip lead is connected. For safety's
sake, it is best not to make measurements with the
ground clip lead connected to points not at chassis
potential. In almost every case the measurement
can be made successfully by reading the voltages
with respect to ground and then subtracting one read-
ing from the other.

2-4 PROCEDURE FOR MEASURING DC VOLTAGES

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

b. Set the SELECTOR switch to either the (+) or
(-) position, depending upon the polarity of the
voltage to be measured.

c. Set the RANGE switch to the range that includes
the voltage to be measured.

d. Connect the COMMON test lead to the ground side
of the circuit to be measured and touch the DC
VOLTS prod to the point in the circuit being measured.

e. Read the measured voltage from the meter, multi-

plying the indicated value by the appropriate fac-
tor. Dc voltages are read from the two top meter
scales, 0-1 and 0-3, printed in black.
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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. Before 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.

i 350

TR ot - 326

BRBERARS) 300

S 275

250

CTr T 25
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}
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) : . munn 175

150
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100

MAXIMUM  APPLIED VOLTAGE

15

) 90

Sl o

0
10 2 3 4 5 6789100 2 5 4 5 6 7 891000

FREQUENCY MC

Figure 2-2., Maximum Voltage that can Safely be applied to AC Probe for
Frequencies above 50 Megacycles
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c¢. Connect the ground clip lead on the a-c probe to

ground of the circuit being measured and touch
the a-c probe tip to the other side of the circuit being
measured. (For audio frequencies the ground lead
from the voltmeter chassis may be used for negative
connection instead of the ground lead on the a-c
probe, if desired.)

d. The measured voltage is then read from the
meter. The full-scale value of the meter is
indicated by the setting of the RANGE switch.

NOTE

The 0 - 1V and 0 - 3V meter scales printed in red
are for use only with the 1V and 3V a-c positions of
the RANGE switch. The remainder of the alternat-
ing voltage ranges are read from the two top meter
scales (0 - 1 and 0 - 3) printed in black.

2.6 PROCEDURE FOR MEASURING RESISTANCES
CAUTION

TURN OFF EQUIPMENT THAT IS TO BE TESTED
BEFORE MAKING RESISTANCE MEASUREMENTS.
Be certain that no residual voltages remain in the
circuit being measured. When making a leakage
resistance measurement on paper capacitors on the
RX1Meg range, a reading of greater than « is some-
times measured with the OHMS leads connected one
way and a fairly low value of resistance will be mea-
sured with the OHMS leads reversed. This is caused
by a surface charge in the dielectric of the capacitor
which leaks out after the capacitor is first discharged
and builds up another slight voltage across the ter-
minals. Since the 410B operates at a very high im-

pedance level, this small voltage will cause errone-
ous resistance readings. Generally, keeping the
capacitor terminals shorted for a few minutes will
reduce this charge to zero and a correct reading
can be made. This phenomenon will not occur on
any of the lower ranges.

a. Make the OHMS adjustment described in para-
graph 2-3C.

b. Set the SELECTOR switch to the OHMS position,

c. Connect the COMMON and OHMS test leads to
the resistance to be measured.

d. Set the RANGE switch to the position that gives
the largest up-scale meter indication.

e. Read resistance value from bottom scale on

meter. The resistance is equal to the scale
indication times the multiplying factor shown by
the position of RANGE selector.

f. Resistance readings up to a million megohms
or higher are possible with an external battery.
Refer to paragraph 2-10 for details.

2.7 ELECTRICAL CHARACTERISTICS OF THE
DIODE AND PROBE

The & Model 410B measures a-c voltages from 1 volt
full-scale to 300 volts full-scale in the frequency
range from 20 cycles to 60 megacycles and measures
reduced voltages to 700 megacycles. The basic ac-
curacy is +3% for measurement of sine waves up to
60 megacycles per second, while the frequency re-
sponse is +1db over the entire frequency range

+1
I0 VOLTS
3 VOLTS
S| 50
Q
Q
@ | VOLT
-1
l0Cps 100cps Imc 1.0mc 1Omc I00mc

FREQUENCY

Figure 2-3. Ratio of Indicated to Actual Voltage as a Function of Frequency

1000 mc
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Figure 2-4, Input Resistance and Reactance of Model 410B Diode Probe

from 20 cycles to 700 megacycles per second. The
410B continues to be useful up to the probe resonant
frequency of approximately 1250 megacycles, and
indications can be obtained up to 3000 megacycles.

A performance curve for the probe, showing the ratio
of indicated to actual voltage as a function of fre-
quency, is plotted in Figure 2-3. At low and medium
frequencies the response is flat. At high frequen-
cies, however, the response is affected by two fac-
tors: transit time of the probe diode, which is de-
pendent upon the magnitude of the applied voltage;
and the resonant frequency of the probe, which is
independent of the applied voltage. The effect of

transit time is indicated by the dip in the 1-volt curve
in the vicinity of 500 mc. The rise of the 3-volt and
10-volt curves is due to the effects of resonance in
the probe, which overshadow the effects of transit
time.

The input resistance and shunt capacitive reactance
components in the circuit within the a-c probe are
shown in the graph Figure 2-4, At low frequencies
the input resistance exceeds 10 megohms, decreas-
ing at higher frequencies because of dielectric and
tube losses. The shunt capacity component of input
impedance is approximately 1.5 micromicrofarads.
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2-8 AC MEASUREMENT PRECAUTIONS

Special considerations must be kept in mind when
making a-c voltage measurements. These consid-
erations are discussed in the following paragraphs.

a. General Consideration of Complex Wavforms

Waveforms containing appreciable harmonics or
spurious voltages will introduce errors in the meter
indication since the meter has been calibrated to read
rms values of true sine waves while the a-c probe is
a peak-responding device. The magnitude of error
that may be expected when harmonics are present
on the measured waveform is indicated in the Table
below,

Table 2-1. Possible Error when Measuring
Voltage of Complex Waveforms

% True Model 410B
Harmonic RMS Value Indication
0 100 100
10% 2nd 100. 5 90 to 110
20% 2nd 102 80 to 120
50% 2nd 112 75 to 150
10% 3rd 100. 5 90 to 110
20% 3rd 102 87 to 120
50% 3rd 112 108 to 150

b. Voltage Measurements at Frequencies below
50 Cycles/Second - Voltage measurements
at frequencies as low as 10 cycles per second may
be made to the unit's basic accuracy by removing
the plastic nose on the a-c probe and using in its
place a blocking capacitor of 0.25 microfarad in
series with the exposed contact of the probe.

CAUTION: The gray insulating material of the probe
of the 410B is polystyrene, a low melting-point mat-
erial. It is not possible to solder to the contact
which is exposed when the probe nose is removed
without destroying the polystyrene.

c. Voltage Measurements at High Frequencies

At frequencies above 100 megacycles the distance
between the point of voltage measurement and the
anode contact of the a-c probe must be made as short
as possible. If feasible, substitute a small button-
type capacitor of approximately 50 micromicrofarads
for the removable tip on the a-c probe. Solder one
terminal of the button capacitor to the measurement
point in the circuit and not to the probe contact.
The probe contact (with tip removed) can then contact
the other terminal of the capacitor for the measure-
ment.

At frequencies above 100 megacycles considerable
voltage may be built up across ground leads and
along various parts of a grounding plane. Conse-
quently, to avoid erroneous readings when measure-

ing medium and high frequency circuits, use the
ground clip lead on the shell of the probe. In some
cases at the higher frequencies it may be necessary
to shorten still further the grounding lead on the
shell of the probe.

For all measurements at the higher frequencies hold
the molded nose of the probe as far from the external
ground plane or from objects at ground potential as
can conveniently be done. Under typical conditions,
this practice will keep the input capacitance several
tenths of a micromicrofarad lower than will be ob-
tained otherwise.

For a-c measurements above approximately 250
megacycles it is nearly mandatory that measure-
ments be made on voltages which are confined to
coaxial transmission line circuits. For applications
of this type, the ¢ Model 410B is particularly suitable
because the physical configuration of the diode and
probe is that of a concentric line, and with a few
precautions it can be connected to typical coaxial
transmission line circuits with little difficulty.

To connect the ¢ Model 410B into an existing coaxial
transmission line, cut the line away so the center
conductor of the line is exposed through a hole large
enough to clear the body of the voltmeter a-c probe.
The nose of the probe should be removed for this
type of measurement. Connect one terminal of a
button-type capacitor of approximately 50 micro-
microfarads to the center conductor of the coaxial
line so that the other terminal of the capacitor will
contact the anode connection of the probe. A close-
fitting metal shield or bushing should be arranged to
ground the outer cylinder of the probe to the outer
conductor of the transmission line, This type of
connection is likely to cause some increase in the
standing wave ratio of the line at higher frequencies.
The ¢pModel 11042A Coaxial "T" Connector is de-
signed to do this job with a vswr of less than 1. 1 at
500 mc. See paragraph 1-4.

d. Effect of Parasitics on Voltage Readings -

At frequencies above 500 megacycles, leads or
portions of circuits often resonate at frequencies
two, three or four times the fundamental of the volt-
age being measured. These harmonics may cause
serious errors in the meter reading. Owing to the
resonant rise in the probe circuit at frequencies
above 1000 megacycles, the meter may be more
sensitive to the harmonics than to the fundamental.
To make dependable measurements at these fre-
quencies, the circuits being measured must be free
of all parasitics.

e. Effect of DC Present With AC Signal -

When measuring small ac voltages, which are
present at a point along with high dc potential, you
may obtain a voltage reading which is in error. This
is caused by a very small leakage current through
the blocking capacitor in the tip of the ac probe, and




might occur when you attempt to measure a 1 volt
ac signal at the plate of a vacuum tube.

¥ this leakage is a problem you should add an ex-
ternal blocking capacitor ahead of the probe tip.
A Mylar or polystyrene dielectric capacitor of 0.005
pf or larger is recommended. The usual paper or
ceramic capacitor will not have sufficiently high
leakage resistance to eliminate the problem.

Factory specifications require that the probe tip
blocking capacitor have not less than 100, 000 meg-
ohms resistance, which is the highest value obtain-
able in a part that meets other requirements. This
is very high, but still makes a 1000:1 voltage divider
with the 122 megohms input resistance of the meter
circuits when on the 1 volt ac range. A 100 volt dc
potential will be divided down and will present (ap-
proximately) a 0.1 volt signal to the meter circuit.
On higher ac ranges, the effect is reduced propor-
tionately.

2-9 PULSE MEASUREMENTS

The 410B is a peak-responding rms calibrated type
voltmeter and is designed to measure the positive
peak value of the applied voltage. This property
allows the ¢p Model 410B to be used to measure the
positive voltage amplitude of a pulse, provided the
reading obtained is multiplied by the following factor:
t] K
1.4(1+—t—2 + PRF )

is the duration of the positive portion

of the voltage in microseconds,

t2  is the duration of the negative portion
of the voltage,

K is a factor which is a function of the

source impedance of the pulse gener-

ator and of t], and is found in the

graph of Figure 2-5.

is the pulse repetition frequency in

pulses per second.

where: f]

PRF

In general this equation is applicable where the pulse

repetition frequency is greater than 500 pulses per

second and the positive pulse duration is at least

10 microseconds. For most cases when using high

pulse repetition rates, the above factor will reduce
© laq.tl
. + t?

K can be found by use of the curve in

Figure 2-5 when the impedance of the

pulse generator R, in kilohms and the

duration of the positive portion of the

pulse t] in microseconds are known.

As an example, suppose:

t1
Ro

10 microseconds,
2 kilohms and the pulse repetition fre-
quency is 1000 pulses per second,
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then R,/t; - 0.2, K = 0.55, and the multiply-

ing factor would then be

1.4 (1 + 10 , _0.55
990 1000

For the case of a 10 microsecond negative pulse
and a pulse repetition frequency of 1000 pulses per
second, tj would be 990 microseconds and tg would
equal 10 microseconds. Thus, Ro/t1 would be ap-
proximately 0, and therefore (from Figure 2-5) K
would also be approximately 0. The multiplying
factor would then be

1.4 (1 + 990/10).

Hence, it may be seen that in the case of negative
pulses of short duration much smaller readings will
be obtained than for an equivalent positive pulse.
As a result, large multiplying factors must be used
and unless the pulse voltage is large, these measure-
ments may be impractical.

8 freiten R, = Internal Z of Pulse e
Generator in kilohms eg==zsiedl

Ty = Pulse duration in
microseconds

Figure 2-5.

Graph used in Calculation
of Pulse Voltages
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2.10 RESISTANCE MEASUREMENT ABOVE 500
MEGOHMS

Because of its very high input resistance the Model
410B, supplemented by an external voltage, can be
used to measure extremely high resistances. Any
convenient d-c voltage up to 1000 volts may be used,
the higher voltages permitting measurement of higher
resistances. A 45-volt " B" battery extends the
resistance measurement range to approximately
250, 000 megohms. Resistances as high as several
million megohms are easily and accurately made
when the leakage between the test leads is held to
a minimum by careful placement. The highest re-
sistance that can be measured is limited by the total
leakage between the DC test probe and the COMMON
test probes on the voltmeter.

The measurement of extremely high resistance is
accomplished by applying a known d-c voltage to
the unknown resistance in series with the 410B as
shown in Figure 2-6. The external voltage is first
measured with the 410B and recorded. The positive
side of the external voltage source is then connected
through unknown resistance to the d-c measurement
probe, the negative side of the voltage is connected

to the COMMON lead from the 410B. The voltmeter

range switch is then adjusted to obtain an upscale ))
voltage reading. The meter indicates the voltage '
across the 122 megohm input resistance, which when

multiplied by the ratio of the applied voltage to the

measured voltage, minus one, gives the resistance

of the unknown. The equation for determining an

unknown resistance for any supply voltage and meter

reading is given in the following equation. When the

ratio of E applied to E measured is greater than

100:1, the minus one may be dropped with no practi-

cal loss in accuracy.

Ebpy
Ry = q - 1) Ry,
Epp = Externally applied battery or power supply
voltage
E,; = Voltage read on d-c volts scale of voltmeter
Ry, = Input resistance of voltmeter

(410A = 100 megohms)
(410B = 122 megohms)

-HP- MODEL 4108
HE VTVM

KEEP OHMS AND AC
PROBES OUT OF WAY

INSULATING SHEET
(GLASS OR EQUAL)

Figure 2-6.

NEGATIVE TEST LEAD ))
(CONNECT TO NEG. SIDE '
OF EAPPLIED)

'B' BATTERY OR POWER SUPPLY
( USE HIGHEST CONVENIENT VOLTAGE )

UNKNOWN RESISTANCE
TO BE MEASURED

DC TEST PROBE

(KEEP LEAD WELL
ISOLATED)

Setup for Measuring Extremely High Values of Resistance )



3-1 GENERAL

The @& Model 410B is designed to measure the ampli-
tude of a-c and d-c voltages and the values of resist-
ances. To accomplish these measurements, the
equipment’'s circuit is arranged as indicated by the
block diagram of Figure 3-1. When measuring d-c
voltages, the voltage to be measured is applied
through a precision voltage divider to the input of
a differential d-c amplifier. The output of the ampli-

o DC PROBE
AC S/ VOLTAGE

— . e o1 RANGE o
ROBE RESISTORS

|
°
I
o |
|

—0

OHMS
RANGE
RESISTORS

COMMON
LEAD AC ZERO SET o
COMPENSATION

Oe—1—o—
OHMS PROBE o

DC AMPLIFIER

{—% __A
4 N
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SECTION [N
THEORY OF OPERATION

fier feeds a balanced bridge which has an indicating
meter connected between the mid-points. The mag-
nitude of deflection of the meter is thus proportional
to the amplitude of the d-c voltage applied to the
input of the differential amplifier.

When measuring a-c voltages, the voltage to be
measured is converted to a d-c voltage in a special
wide-band rectifier circuit. The output of the recti-
fier is then applied to the d-c voltage-measuring

METER BRIDGE

POWER SUPPLY !

Figure 3-1. Block Diagram of @ Model 410B
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circuit described above. A deflection of the indi-
cating meter then occurs in proportion to the ampli-
tude of the a-c voltage being measured.

For measuring resistance, a d-c voltage from the
voltmeter power supply is applied through a large
resistance to form a constant current source. This
supplies a circuit consisting of the unknown resistance
connected in parallel with a known resistance. The
proportion of the internal voltage that appears across
the unknown resistance is related to the ratio of the
unknown to the known resistance. The voltage across
the unknown resistance is then applied to the input
of the differential amplifier as before, with the re-
sult that the magnitude of meter deflection is re-
lated to the value of the resistance being measured.

3-2 R-F RECTIFIER

The circuit used for rectifying a-c signal voltages is
shown in Figure 3-2., The circuit is a half-wave
shunt-detector type circuit which operates to charge
the small input coupling capacitor C1 to the peak
value of the positive half of the a-c voltage being
measured. To smooth the rectified a-c voltage for
application to the differential amplifier, a large re-
sistor (22 megohms) and capacitors C2 and C3 are
connected across the output of the rectifier. The
voltage across the capacitors rises to the peak value
of the rectified wave and is applied through the pre-
cision voltage divider to the d-c amplifier.

Since the voltmeter is designed to be capable of
measuring high frequencies, the rectifier circuit
is built 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 voltmeter proper through a
flexible cable. .

This arrangement permits short lead lengths for
the actual a-c portion of the measuring cirecuit so
that residual inductances will be minimized.

A cutaway view of the a-c probe showing the input
blocking capacitor, rectifier disde, and RC filter

AC PROBE MULTIMETER CHASSIS
A

ct R2 PROBE CABLE

PROBE TIP 22 MEG

i i AAY TO RANGE RESISTORS
A} AND AMPLIFIERS

vi c2
PROBE e
DIODE \[=—m s00

Il

PROBE

SHELL INSTRUMENT CHASSIS

-—
GROUND

TEST LEAD 5 VOLTS AC TO REGULATOR V6
410B-RO

Figure 3-2. Schematic Diagram of AC Probe

is shown in Figure 3-3. The input capacitor is
molded in a removable probe tip for applications
where even the small lead length of the tip should
be minimized. The diode is specially designed to
have plane rather than circular geometry. This
type of construction has been used in order to re-
duce the physical length of the diode and to achieve
a diode having extremely low anode-cathode capacity.
The construction is such that the probe has an input
capacity of only about 1.5 mmf, about 1.3 of which

is the anode-cathode capacity of the diode. To

achieve short transit time for the diode, the anode-
cathode spacing has been maintained at only . 003
inch. Reliable r-f grounding of the diode cathode
is obtained by use of a large area contact ring in the
special socket for the diode. Figure 3-4 shows a
line drawing of the probe diode.

The capacity in the RC filter is divided into two
parts. A small 500 mmf capacitor, C2, is built into
the probe near the base of the diode. At high fre-
quencies this capacitor in combination with the 22-
megohm filter resistor gives sufficient filtering so
that the inductance of the flexible cable is of no
consequence. For lower frequency filtering, Capa-
citor C3, is connected at the end of the cable inside
the multimeter housing.

Figure 3-3. Cutaway View of High-Frequency Probe

3



410B-B-0320

Figure 3-4. Actual Size Drawing of
High-Frequency Diode

The probe is constructed from molded polystyrene
to offer a low dielectric loss which, together with
the low input capacity, makes the probe a high im-
pedance device. The input impedance of the probe
as a function of frequency is given in Figure 2-4,

The flexible cable connecting the probe to the volt-
meter is a double-~-shielded single conductor cable.
The outside shield carries a-c power for the diode
heater; the inner lead carries the d-c voltage from
the RC filter to the voltmeter. Ground return is
made through the inner shield.

3-3 RANGE EXTENDING RESISTORS

To extend the voltage range over which both a-c and
d-c measurements can be made, a precision volt-
age divider is connected to the input of the d-c ampli-
fier. The taps on the divider are arranged so that
the input to the amplifier does not exceed approxi-
mately . 85 volt for 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
full-scale reading. This increased voltage on a-c
measurements is compensated by resistors in series
with the indicating meter, as described later.

The precision voltage divider is made up of high-
stability deposited carbon type resistors mounted
on a seven-position rotary switch which serves as
the range switch for the instrument.

3-4 DC AMPLIFIER

The taps on the precision voltage divider connect
through the range switch to one input of the differ-
ential voltage amplifier. The amplifier consists of
the two halves of a 12AU7 twin triode. The principle
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purpose 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 order of a couple of microampers. Gas
current effects in the high grid impedance are mini-
mized by operating the amplifier tubes at a reduced
heater voltage and a low plate voltage (approximately
20 volts). Very large cathode resistances are used
to enhance the stability of the amplifier.

For a-c measurements the second or " balance" in-
put to the differential amplifier is connected to a
source of small d-c voltage in the power supply cir-
cuit. This arrangement is designed to compensate
the voltmeter for '"emission voltages' that occur
in the probe diode. Because of the high thermal
level of the probe diode cathode, electrons are emit-
ted by the cathode even though no signal voltage is
applied to the diode anode. Some of these electrons
travel to the anode, giving it a net negative potential
of approximately 1 volt, which will mask small sig-
nal voltages applied to the diode.

To compensate for this effect, the d-c voltage ap-
plied to the second input of the d-c amplifier is ad-
justed to be equal to the emission voltage of the
diode, A voltage divider in the balance channel di-
vides the compensating voltage in the same propor-
tion as the input range switch divides the emission
voltage so that the amplifier will always be compen-
sated when the a-c probe is connected. The AC zero
set control on the front panel adjusts the compen-~
sating voltage to exactly balance the voltage produced
by the diode thereby bringing the meter to zero.

For d-c measurements the second input to the differ-
ential amplifier is grounded and serves only to supply
a d-c level to balance the bridge.

3-5 METER CIRCUIT

The double-ended output of the differential ampli-
fier is applied to a bridge circuit across which is
connected the indicating meter, as illustrated by
the diagram in Figure 3-5. Two arms of the bridge
are triode tubes whose grids are connected to the
two sides of the differential amplifier. With no volt-
age being measured, the two triodes have equal grid
potentials and the bridge is in a balanced state. The
front panel ZERO SET control R19a, a potentiometer
located between the two legs of the bridge and the
d-c supply voltage, establishes the exact electrical
balance of the bridge for all types of operation.
Potentiometer R32 is connected in series with the
meter to adjust the sensitivity of the meter circuit
to the precise required value.
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+50 vDC
REGULATED

+150 vDC
UNREGULATED

VOLTAGE TO BE
MEASURED
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R25
+50 vVDC +150 VDC
REGULATED UNREGULATED
Figure 3-5. Basic DC Amplifier Circuit

To permit measurement of either positive or negative
d-c voltages without reversal of the test leads the
SELECTOR switch reverses the meter within the
bridge so that an up-scale reading is obtained with
either polarity.

For a-c measurements the range switch of the volt-
meter connects in series with the meter additional
current-reducing resistors (R35 through R40) to
reduce the meter current by approximately 30% so
that the same meter scale can be used for the a-c

and d-c ranges. For the one and three volt a-c
ranges, however, it is necessary to use special
meter scales because the probe diode operation at
low voltages is non-linear.

For resistance measurements the SELECTOR switch
connects the meter in series with the front panel
OHMS ADJ. « control which adjusts the sensitivity
of the meter to obtain a precise full-scale indication
before making a measurement.

3



3-6 RESISTANCE MEASUREMENT

When the multimeter is to be used to measure re-
sistance, the range switch connects an additional
set of precision resistors to the input of the d-c
amplifier as shown in the block diagram in Figure
3-1. A small, stable voltage of about 1.2 volts is
taken from the regulated power supply and applied
through a precision resistance to the input of the
d-c amplifier thereby causing full-scale deflection
of the meter. The resistance to be measured is
then connected between the input of the d-c¢ ampli-
fier and ground. This resistance thus completes a
voltage divider and reduces the voltage applied to the
amplifier, bringing the meter reading down-scale.
The range switch of the multimeter connects ap-
propriate values of precision resistors into the
ohmmeter circuit to extend the resistance-measur-
ing range. (On the RX1 range the necessary volt-
age comes from a small selenium rectifier which
is not regulated.)

3-7 POWER SUPPLY

The power supply circuit includes a full-wave recti-
fier with an RC filter at the output of the rectifier, An
OB2 105-volt regulator tube provides regulated d-c
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voltage for operation of the differential d-c ampli-
fier, ohmmeter circuits, and diode compensating
circuits. D-c power for operating the bridge is ob-
tained directly from the rectified output of the power
supply. A regulated heater voltage of 5 volts a-c
is also provided for the probe diode, regulation being
obtained through the use of the constant current bal-
last tube V6., Potentiometer R50 shunting the diode
heater is used to adjust the voltage across the heater
to 5 volts. A small resistor is connected in series
with the heater of V2 to operate this heater on ap-
proximately 4-1/2 volts. The heater winding also
supplies a voltage which is rectified by a metallic
rectifier for the RX1 resistance OHMS range only.
This voltage is adjusted to approximately 1.2 volt
by R49 to obtain full-scale deflection on the RX1
range consistent with that on the RX10 range, when
the line voltage is at 115 volts.

The power transformer for the multimeter is equipped
with two primary windings so that the instrument may
be connected for operation on either 115 or 230 volt
power. The windings are connected in parallel for
use with 115 volts, and in series for 230 volts. For
proper phasing of the windings the terminals on the
transformer are numbered and wired as shown on
the schematic diagram for the multimeter.



4-1 INTRODUCTORY

No routine maintenance procedures are required
for the % Model 410B. When replacing any of the
tubes in the equipment, however, it is desirable to
check the accuracy of the multimeter. To do this
it is necessary to have a precision d-c voltmeter
and a precision a-c voltmeter, preferably of the
dynamometer type. The accuracy of these instru-
ments should be within 1-2%, because the basic ac-
curacy of the 410B is within 3%. The procedure to
follow in checking and adjusting the calibration of
the instrument are described in paragraphs 4-4 and
4-5,

If a tube failure occurs after an extended period of use
such as 1000 hours of operating time, it is desirable
to replace all tubes at that time, to avoid need for
more frequent recalibration than necessary.

A trouble-shooting chart listing possible operating
troubles is included at the end of this section (para-
graph 4-17).

4-2 TUBE REPLACEMENT

REPLACING V1 -

When replacing probe diode V1, some change in a-c
voltage-measuring accuracy may occur on the lower
three a-c measuring ranges of the instrument. In
a typical case these changes will be less than 2%.
With some diodes the changes can be greater than
this, however, so it is desirable to recheck cali-
bration accuracy.

The quality of the individual replacement diode will
also effect the high frequency accuracy of the in-
strument. However, specialized equipment is neces-
sary for checking the high frequency accuracy. If
high frequency errors are suspected with a new diode
installed, it is recommended that another replacement
diode be tried.

The heater voltage should be checked when probe
diode V1 is replaced. Accurate setting of this volt-
age is necessary to insure proper operation and max-
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SECTION IV
MAINTENANCE

imum life of the probe diode. To check the heater
voltage of probe diode V1:

1) Remove back cover from the instrument by
pushing down the button at the top rear of cabinet
and slide the back cover off,

2) Remove two retaining screws from instrument
rear and slide instrument chassis forward out of
cabinet..

3) Connect 410B to variable power transformer,
set line voltage to 115 volts (or 230 volts) and turn
410B on,

4) Connectanacvoltmeter suchas Model 400D/
H/L or Model 403A, between pin Tor V6 (ballast
tube and chassisground. Adjust R50 to obtain 5.0
volts rms if the 201C diode is used and 6.3 volts
rms if the EA53 diode is used.

REPLACEMENT OF V2 AND V3 -
When V2 or V3 are replaced, five checks should be
made:

1. Amplifier balance with line voltage at 115 volts,

2. Microphonics: stability of the zero adjustment
when the tubes are jarred.

3. Amplifier balance with line voltage change from
103 to 127 volts.

4. Gas in V2,

5. Voltage calibration.

NOTE

The following instructions describe a procedure
which will provide optimum instrument performance
over a wide range of line voltages. It is based on
the procedure used at the factory. If such perform-
ance is not needed, the care in selection of tubes
can be reduced considerably.
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NOTE

I. PART NUMBERS ARE LISTED IN
MISCELLANEOUS PORTION OF
TABLE 5-1.

2.EA 53 OR 2-0IC DIODE
ORIGINALLY INSTALLED,

Figure 4-1. Test Probe Assembly, Including Exploded View of AC Probe

The following steps should be performed in the order
given. If a tube fails to pass any test, it must be re-
placed and all tests repeated again in the proper
order.

To obtain maximum range of adjustment of the ZERO
SET control it is necessary that the four triode sec-
tions of the two 12AU7 tubes be similar in plate cur-
rent characteristics. It is possible to have a com-
bination of tubes which will have very little zero
adjustment range on, say, (+) DC VOLTS and an
excessive amount on (-) DC VOLTS. This is caused
by non-uniformity between tubes. These character-
istics also change considerably in the first 50 hours
of tube operation.

A suggested method for determining if individual
tubes are reasonably balanced is to first remove

V2, With V3 only in its socket, check the ZERO
ADJUST range on both (+) DC and (-) DC. Ideally,
it should be the same in both positions of the FUNC-
TION switch. Select several tubes which are as
nearly balanced as possible, by trying them in the
V3 socket. Use the tube which has the best balance
for V2 and the next best for V3. To insure the best
margin of zero adjustment, the tubes should be se-
lected to allow the ZERO ADJUST control to move
the meter pointer at least 1/3 of the way up scale
both with (+) and (-) DC VOLTS positions of the
FUNCTION switch, when both tubes are in their
sockets. Next, check for microphonics by first
accurately setting the ZERO ADJUST to zero the
meter and then tap V2 and V3, If the meter zero
irratically changes position, one or both of the tubes
have loose elements, which allow the static plate
current to change value when jarred. Generally,



V2 is the most sensitive and should be suspected
first. If the elements in V3 are very loose, it will
cause the same indication. The defective tube or
tubes should be replaced with ones which are of
more sound construction. The balance test must
be again repeated as described above.

To insure that the cathode emission is ample, the
line voltage should be set to 115 volts. Allow the
instrument to heat run for at least 5 minutes. Zero
set the meter. Reduce the line voltage to 103 volts
for a period of at least 1 minute. If the tubes have
good cathode emission characteristics, the meter
zero will not drift more than approximately 5%. If
the zero drifts down scale to the left, the amount of
drift can be measured from changing the position
of the FUNCTION switch to the opposite polarity:
(+) to (-) or vice versa, depending on the original
position, so an up scale reading is obtained.

If the drift is not excessive, return the line voltage
to 115 volts and reset the meter zero. After the
tubes have stabilized at 115 volts, raise the line
voltage to 127 volts and repeat the drift check. Again
the drift should be less than 5%. If not, try another
tube or tubes. V2 should be replaced first and then
V3. All previous steps should be repeated first.

To check for a gassy V2, first accurately zero set
the meter. Check the accuracy of the setting by
switching the FUNCTION switch from (+) to (-) and
back. If the setting is perfect, the meter pointer will
not move. Feed in a d-c voltage of exactly 1.0 volt,
(To facilitate this test the voltage should be fed
through a dpdt switch so that the polarity can be
quickly switched. If this is not done, it is very dif-
ficult to determine by eye if the two readings are
the same within 1%).

If V2 is gassy, a certain error exists on the 1 volt
range due to the gas current flowing through the
100 megohm resistive divider. Since the basic ampli-
fier gain is set with the FUNCTION switch set to
(+), this error is compensated for when the gain is
set. When the polarity is reversed, however, the
grid is biased negatively by the measured voltage
and the value of the gas current changes somewhat.
This results in a different reading.

A second method of checking for gas current is, to
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