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Figure 1-1. The Type 1806-AR Electronic Voltmeter.




INTRODUCTION

SECTION 1

INTRODUCTION

1.1 PURPOSE.

The Type 1806-AR Electronic Voltmeter (Figure
1-1) is a high-input-impedance, wide-range voltmeter.
It is used for the measurement of ac and both positive
and negative dc voltages, up to 1500 volts. With the ad-
dition of the Type 1806-P1 Tee Connector accessory,
it will measure accurately ac voltage on a 50-ohm co-
axial line at frequencies up to 1500 Mc. It can also be
used as an ohmmeter, for the measurement of dc resis-
tance from 0.2 ohm to 1000 megohms.

1.2 DESCRIPTION.

The voltmeter is basically a very stable dc volt-
age amplifier having a vacuum-tube input stage which
provides high input impedance and low grid current.
The output from the amplifier is fed to the meter, which
is connected in series with one of several resistors;

the meter range is determined by the resistor selected.

A probe containing a vacuum diode rectifies the
ac signal for ac voltage measurements. The above-
mentioned dc voltage amplifier is then used to mea-
sure the resultant dc signal. Except on the lowest ac
range, the voltmeter is essentially a peak-responding
instrument for the measurement of ac voltage; however,
it is calibrated to indicate the rms value of an applied
sinusoidal voltage.

For resistance measurements, a regulated volt-
age source, in series with one of four range-determin-
ing resistors, is connected to the inpur terminals so
that the unknown resistance can be determined by the
measurement of the voltage drop across it.

This voltmeter is available in two models. The
Type 1806-AR is mounted in a relay-rack cabinet, es-
pecially designed to minimize the required rack height.
The Type 1806-A is a portable bench model in a Flip-
Tilt case. This model can be set up with its panel at
any angle from horizontal to vertical, for convenient
error-free operation.



@ TYPE 1806-AR ELECTRONIC VOLTMETER

1.3 CONTROLS.

The following controls are on the panel of the Type 1806-AR Electronic Voltmeter:

NAME TYPE FUNCTION
MEASUREMENT 5-position rotary Tums instrument on and
switch selects type of measure-
ment, AC, DC+, DC-, Q.
VOLTS FULL 4-position rotary Selects range of voltage
SCALE switch or resistance.
AC ZERO Continuous rotary Adjusts meter zero on AC
control and () ranges.
DC ZERO Continuous rotary Adjusts meter zero on DC
control ranges.
DC INPUT 2-position rotary Selects input resistance
RESISTANCE switch (screw- for DC voltage measure-
driver control) ments (except on 1500-volt
range).

1.4 CONNECTORS.

Binding posts on the front panel provide con-
nections for resistance and dc voltage measurements;
they can also be used for ac voltage measurements
when the probe is in its storage socket. A removable
link allows the low input terminal to be connected to
or disconnected from the cabinet, which is permanent-
ly grounded by the third wire of the power cord.

The probe for ac measurements can be stored in
the socket provided on the front panel, or it can be
withdrawn for convenient connection to measurement
points. The probe and its cable can be extended ap-
proximately 3} feet for use. The cable is simply push-
ed back into the instrument to rewind it on its storage
reel.

Figure 1-2. Tbhe probe and various tip and ground-clip
accessories.

1.5 ACCESSORIES SUPPLIED.

Several different probe-tip connectors and ground
clips are supplied with the voltmeter for ac voltage
measurements (Figure 1-2). Spare fuses are also sup-
plied with the instrument.
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1.6 ACCESSORIES AVAILABLE. Connector is an essential accessory (Figure 1-3). It
allows the probe to be connected across a 50-ohm co-
For measurements at frequencies greater than axial line with minimum disturbance to the system.

several hundred megacycles, the Type 1806-P1 Tee

Figure 1-3. The probe with tip removed and the Type
1806-P1 Tee Connector screwed in its place.
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SECTION 2

INSTALLATION

2.1 MOUNTING.

The Type 1806-AR Electronic Voltmeter is
mounted in a heavy-gauge aluminum cabinet. Supplied
with the instrument are special rack-mounting brackets,
which secure the cabinet and the instrument to the
rack, permitting either to be withdrawn independently
of the other. Instructions for installing the instrument
in a relay rack accompany these brackets.

2.2 POWER SUPPLY.

Connect the Type 1806-AR to a source of power
as indicated by the legend at the power plug. While in-
struments are normally supplied for 115-volt operation,
the power transformer can be reconnected for 230-volt
service (see schematic diagram, Figure 5-8). When
changing connections, be sure to replace line fuses
with those of the correct current rating for the new
input voltage (refer to Parts List). Appropriate mea-
sures should be taken so that the legend indicates the
new input voltage. On instruments changed from 230 to
115 volts, this simply means removal of the 230-v name-
plate; a 115-v legend is marked beneath. For instru-
ments changed from 115 to 230 volts, a nameplate
(Type 5590-1664) may be ordered from General Radio.

The third wire of the power cord is permanently
connected to the cabinet. Note that the electrical shock
hazard protection afforded by the third wire is not in
effect if, for any reason, the third wire is not connec-
ted to external ground.

2.3 ADJUSTMENT OF MECHANICAL ZERO.

Before turning on the instrument, adjust the
screw on the face of the meter, if necessary, to set
the pointer exactly on zero.

2.4 ADJUSTMENT OF ELECTRICAL ZEROS.

The electrical zero for the measurement of DC+,
DC-, and Q is set by the DC ZERO control. To make
this adjustment, turn the MEASUREMENT knob to DC+
and allow five or ten minutes for the instrument to
warm up. Set the VOLTS FULL SCALE knob to 1.5.
Short-circuit the input binding posts (red to gray) and
adjust the DC ZERO control so that the meter indi-
cates exactly zero. The same procedure can be fol-
lowed with the MEASUREMENT knob set at DC- or f.

With the binding-posts still short-circuited and
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with the probe in its storage socket, turn the MEA-
SUREMENT knob to AC. Adjust the AC ZERO con-
trol so that the meter again indicates exactly zero.

2.5 OHMMETER FULL-SCALE CHECK.

Remove the short circuit from the input binding
posts and turn the MEASUREMENT knob to (). The

SECTION 3

OPERATING

3.1 DC VOLTAGE MEASUREMENTS.

3.1.1 CONNECTIONS. Make all dc voltage measure-
ments with the voltage source connected to the input
binding posts on the front panel. The red binding post
is the high terminal; the gray binding post is the low
terminal. The link is used to connect the low terminal
to the metallic binding post, which is the cabinet and
the third-wire ground connection. With the MEASURE-
MENT knob in the DC+ position, an upscale deflec-
tion of the meter indicates that the voltage at the red
binding post is positive with respect to that at the
gray; when the switch is in the DC- position, an up-
scale deflection indicates that the red post is negative
with respect to the gray. The gray binding post is the
low terminal in the sense that it has much greater cap-
acitance to the case ground than has the red binding
post.

meter should indicate exactly full scale. This ohm-
meter test voltage is derived from the regulated power
supply for the vacuum-tube heaters, and full scale
reading by the meter indicates that the voltage is ad-
justed properly.

PROCEDURE

WARNING

Voltages up to 1500 volts can be mea-
sured with this instrument, and such
voltages are extremely dangerous. Be
sure to exercise conmsiderable caution
when making connections or when op-
erating the voltmeter for any bigh-volt-
age measurements.

3.1.2 POLARITY AND RANGE. Turn the MEASURE-
MENT knob to either the DC+ or the DC- position, de-
pending upon the anticipated polarity of the voltage to
be measured. Turn the VOLTS FULL SCALE knob to
the range that is somewhat greater than the expected
voltage.

3.1.3 INPUT RESISTANCE. The DC INPUT RESIS-

TANCE switch is a screwdriver control near the cen-
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ter of the panel. On the three lower dc voltage ranges,
the switch connects or disconnects a 100-megohm re-
sistance across the input terminals. The resistance is
always connected on the 1500-volt DC+ and DC- ranges.
When the DC INPUT RESISTANCE switch is set to the
100 M position, the indication of the meter will return
to near zero between measurements, and the input re-
sistance will not change when the VOLTS FULL
SCALE switch is changed to and from the highest-volt-
age range. When the DC INPUT RESISTANCE switch
is set to the OPEN GRID position, the 100-megohm re-
sistance is disconnected on the three lower-voltage
ranges and the voltmeter operates with ‘‘open grid.”
This makes possible the measurement of dc voltages
from sources whose resistances are as large as 100 to
1000 megohms. The grid current is less than 10710 am-
pere; to compensate for the voltage impressed on the
source by this current, connect an external resistor of
the same value as the output impedance of the voltage
source across the input terminals of the voltmeter; then
set the meter to zero.

3.1.4 UNGROUNDED OPERATION. To use the volt-
meter with neither input terminal grounded, remove the
link between the gray and the metal binding posts. The
low terminal (gray) can then be connected to a circuit
point that is as much as 300 volts dc from ground. A
.01-pf capacitor bypasses the low input terminal to the
grounded cabinet at all times. Do not connect the low
terminal to a voltage that has an ac component with re-
spect to ground. Removal of the link is intended only
for connection of the low terminal to a point whose
voltage differs from ground by dc, not by ac. When the
link is removed for the purpose of making dc-off-ground
measurements, be sure the probe is in its storage sock-
et to avoid damage to equipment or injury to personnel
by accidental contact with the ground shell of the probe,
which is permanently connected to the low (gray) bind-

ing post.

3.2 AC VOLTAGE MEASUREMENTS.

3.2.1 CONNECTIONS. The voltmeter provides two meth-
ods for measuring ac voltages. The probe can be remov-
ed from its socket and connected directly to the circuit
point of interest or the probe can be placed in its stor-
age socketr and the ac voltage can then be applied to
the input binding posts. The maximum voltage that
should be applied directly to the probe is 150 volts,
rms sine wave, or 212 volts, peak. For the measure-
ment of ac voltages over 150 volts, rms, place the
probe in its storage socket and connect the input to
the input binding posts.

CAUTION
Do not apply more than 150 volts, rms,
or 212 volts, peak, ac signal to the
probe. Do not apply more than 600 volts
dc to the probe.

3.2.2 PROBE ACCESSORIES. Several different ground-
connection devices and probe tip connectors are sup-
plied with the instrument. Storage space for these is
provided in the foam-plastic ‘‘sandwich’’ in the cover
of the instrument. Select the most convenient of these
devices for the high and ground connections to the
probe. Some of the possible combinations are shown in
use in Figure 3-1. Connect the shell of the probe to
the electrical ground and the tip to the circuit point at
which the voltage is to be measured.

Figure 3-1. Some of the ways in which the probe can be
directly connected to a circuit for ac volt-
age measurements.
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3.2.3 FREQUENCY RESPONSE. Measurements at fre-
quencies exceeding 500 ke should be made by direct
connection to the probe. With the probe connected di-
rectly to the point of interest, voltages at frequencies
of the order of several hundred megacycles can be mea-
sured, but appreciable errors may appear, depending on
the method of connection. For best results, keep the
tip and ground connections as short as possible.

For higher frequencies, the Type 1806-P1 Tee
Connector (Figure 1-3) must be used. This connector
permits bridging of a 50-ohm coaxial line by the probe,
with little disturbance to the circuits, at frequencies
up to 1500 Mc. Refer to the specifications for the volt-
age accuracy and standing-wave-ratio performance of
this connector.

To install the tee connector, first unscrew the
gray plastic probe tip by means of the knurled ring at
the base of the tip. At the same time, pull on the cable
with the little finger of the hand holding the body of
the probe to draw the inner section of the probe away
from the tip (see Figure 5-3). With the probe cap remov-
ed, keep the same grip on the body of the probe and
screw on the tee connector until it is tight. Then re-
lease the grip on the cable. The tee connector can then
be plugged directly into a coaxial circuit by means of
the Type 874 Locking Connectors. General Radio Com-
pany adaptors for other types of connectors can be lock-
ed onto the Type 1806-P1 Tee Connector for conven-
ient use in coaxial systems using other types of con-
nectors.

WARNING
Because of losses due to transit time
in the diode, the voltage applied to the
probe must be reduced at bigh frequen-
cies. The full low-frequency rating of
150 v rms may be applied at frequen-
cies below 200 megacycles. At higher
frequencies, the voltage should be re-
duced in inverse proportion to the fre-
quency. The maximum voltage applied
to the probe should therefore be limited

as follows:
Frequency | Maximum Voltage
200 Mc 150 volts
500 60
1000 30
1500 20

Keep the link connected between the metal and
gray binding posts for all ac measurements. Even when
the link is disconnected, there remains an internal .01-
wf capacitor connected between the gray and the metal

binding posts, which tends to bypass directly to the
power-line ground any ac voltage that might be connec-
ted to the gray binding post. Make sure the third wire
is properly grounded; if it is not, the cabinet and the
gray binding post will be at the same ac poteatial to
ground, because of the .01-uf capacitor.

3.2.4 DEPENDENCE OF ACCURACY UPON WAVE-
FORM. This voltmeter is essentially a peak-measuring
instrument for ac voltages, but it is calibrated in terms
of the rms value of a sine-wave input signal. The op-
eration of the voltmeter may be more accurately de-
scribed as measuring the height in volts of the pos-
itive peak of the input voltage above its average, and
it is calibrated to indicate 0.707 of this value. It should
be kept in mind that the presence of harmonic distor-
tion in a periodic input voltage may cause an error in
the determination of the rms value as large as the per-
centage of harmonic distortion. The voltmeter is cap-
able of measuring accurately the amplitude of a peri-
odic rectangular voltage wave whose positive part has
a duty ratio as low as .001. It should be kept in mind
that the indication of an instrument of this type, when
it is used to measure a square wave (duty ratio about
0.5), is inversely proportional to the duty ratio,which
must therefore be known accurately.

3.3 RESISTANCE MEASUREMENTS.

To measure resistances, connect them to the in-
put binding posts. Set the MEASUREMENT knob to
and the range switch to the range that gives the near-

WARNING
Do not allow a source of high voltage
to come in contact with the input bind-
ing post when the MEASUREMENT knob
is in the (1 position. This may damage
the obmmeter resistors or the low-volt-
age regulated supply.

est to mid-scale meter indication. Each succeeding
range changes the ohms range by a factor of 100. Make
the reading on the range that gives an indication be-
tween 1 and 100 on the ohms scale.

If test leads are used for low-resistance measure-
ments, the resistance of the leads must be measured
separately and subtracted from the total measured re-
sistance. For the most accurate zero adjustment, short-
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circuit the input binding posts, turn the VOLTS FULL
SCALE switch to the X100 (or higher) resistance range,
and adjust the zero by means of the DC ZERO con-
trol. Accurate adjustment of the DC ZERO on the DC,
1.5 v range is exactly equivalent to making this ohm-
meter zero adjustment.

The open circuit test voltage for resistance mea-
surements is 1.5 volts. The red binding post is posi-
tive. The maximum available power from the ohmmeter
is 16 mw and the maximum available current is 43 ma.

3.4 DIRECT CURRENT MEASUREMENTS.

The voltmeter can easily be converted for the
measurement of small direct currents. To do so, turn
the MEASUREMENT knob to either DC+ or DC-, the
VOLTS FULL SCALE knob to 1.5, and the DC INPUT
RESISTANCE control to OPEN GRID. Then connect
the appropriate shunt resistor across the input binding
post. Table 3-1 gives the full-scale current ranges
for the various values of the shunt resistor.

TABLE 3-1
SHUNT RESISTOR VALUES FOR DIRECT CURRENT MEASUREMENT

RESISTOR

FULL-SCALE CURRENT

100 megohms
10 megohms
1 megohm
100 kilohms

10 kilohms

15 nanoamperes
150 nanoamperes
1.5 microamperes

15 microamperes

150 microamperes
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SECTION 4

PRINCIPLES OF

4.1 DC YOLTAGE MEASUREMENTS.

When used for dc voltage measurements, the cir-
cuit of the Type 1806-AR functions as a pair of cathode
followers, driving the meter from cathode to cathode.
Each ‘‘cathode follower’’ is made up of two vacuum
tubes and one transistor, so connected as to operate
much nearer to the ideal than is possible with one tube
alone. Figure 4-1 is a simplified schematic diagram of
this amplifier circuit.

s

Figure 4-1. Simplified diagram of dc amplifier.

OPERATION

The first tube is connected as a simple cathode
follower and is operated at reduced plate current and
reduced heater voltage to minimize grid current. The
transistor and the second tube comprise a circuit which
possesses a number of desirable characteristics. First,
the input impedance (at the emitter) is extremely high,
being approximately equal to the collector resistor in
value. This means that the gain of the first tube is very
closely equal to p/(p + 1), a term which is substan-
tially invariant during the lifetime of the tube. The
gain of the transistor/tube circuit, highly stabilized by
feedback, differs from unity by only a few parts per mil-
lion, so the voltage pgain of the entire circuit is
quite independent of the gradual decrease in transcon-
ductance that occurs as the tubes age.

Secondly, the output impedance of this circuit is
less than one ohm, due to the high gain enclosed in
its feedback loop; consequently, the variation in out-
put impedance with tube aging is completely negligible.

The B-supply voltages in the instrument are large
enough to permit input voltages up to 150 volts to be
applied directly to the grid of the input tube. On the
1500-volt range, a 10-to-1 resistive voltage divider is
connected between the binding posts and the input grid.
This divider has a resistance of 100 megohms. On the
thiee lower ranges, the entire divider is either connec-
ted as an input grid leak or is disconnected, by means
of the DC INPUT RESISTANCE switch. When the load-
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ing of the 100-megohm resistor upon a high-resistance
source is undesirable, the switch can be turned to the
OPEN GRID position. The 100-megohm resistor is al-
ways connected on the 1500-volt range.

A simplified schematic diagram of the entire in-
strument is shown in Figure 4-2.

plied directly to the probe circuit. For the measurement
of voltages between 150 and 1500 volts, the probe must
be inserted in its storage socket. The voltage to be
measured is then applied to the input binding posts. A
capacitance-compensated, resistance-type, 10-to-1,volt-
age divider inside the cabinet is switched into the cir-
cuit on the 1500-volt ac range. Lower voltages can also

+1.5v &
Ly
a AC
© < o) = —
Figure 4-2. Simplified diagram of C =k & L o
complete voltmeter. /i s
T 1 — —
= | EaT = 1 )
| ] SIRgIN ] 7
i 1500 | I;;
A @ *
Nt -2 i
= PROBE DC AMPLIFIER

4.2 AC VOLTAGE MEASUREMENTS.

For ac voltage measurements, a rectifier diode
is connected to the ac source, and the output of the
rectifier circuit is measured with the dc amplifier. The
diode is particularly suitable for high-frequency opera-
tion and is mounted in a small probe. The probe can
either be connected to the circuit at the point where
the voltage is to be measured, or it can be placed in
its storage socket, with the ac voltage then applied to
the input binding posts.The probe rectifier circuit is
shown in Figure 4-3. A small dc bias voltage is ap-
plied to the shunt resistor, which standardizes the rec-
tification efficiency of the diodes at low levels, to
improve the accuracy of low-level ac measurements.

A network of diodes and resistors is connected
in parallel with the multiplier resistor that is in series
with the meter on the AC 15- and 150-volt ranges. The
6.3-volt regulated supply provides voltages which bias
the diodes “‘on”” when there is no input signal. The
action of this network is to make the multiplier resis-
tance effectively non-linear in such a way as to com-
pensate exactly for the non-linearity of the probe diode
so that all voltage readings can be made on the same
linear scale of the meter. It was not economically pos-
sible to design such a network for the AC 1.5-volt
range, but there is an additional scale on the meter for
this range only.

Due to the peak-inverse-voltage rating of the

diode, voltages greater than 150 volts cannot be ap-

10

be measured with the probe in its storage socket. The
upper frequency limit for this type of operation is ap-
proximately 0.5 megacycle.

4,3 RESISTANCE MEASUREMENTS.

A voltage divider connected to the regulated 6.3-
volt supply provides a 1.5-volt, open-circuit source
having four different internal resistances. This source
is connected to the input binding posts and converts
the instrument to a voltage-divider-type ohmmeter. The
dc voltmeter circuit on the 1.5-volt range measures the
voltage drop on the unknown resistance connected
across the binding posts. A special meter scale is cal-
ibrated in resistance.

—Q OUTPUT

~
—O PROBE BIAS

—O GROUND

Figure 4-3. Schematic diagram of probe circuit.
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SECTION 5

SERVICE

5.1 GENERAL.

We warrant that each new instrument sold by us
is free from defects in material and workmanship, and
that, properly used, it will perform in full accordance
with applicable specifications for a period of two years
after original shipment. Any instrument or component
that is found within the two-year period not to meet
these standards after examination by our factory, dis-
trict office, or authorized repair agency personnel, will
be repaired, or, at our option, replaced without charge,
except for tubes, or batteries that have given normal
service.

The two-year warranty stated above attests the
quality of materials and workmanship in our products.
When difficulties do occur, our service engineers will
assist in any way possible. If the difficulty cannot be
eliminated by use of the following service instructions,
please write or phone our Service Department (see rear
cover), giving full information of the trouble and of
steps taken to remedy it. Be sure to mention the type
and serial numbers of the instrument.

Before returning an instrument to General Radio
for service, please write to our Service Department or
nearest district office, requesting a Returned Material
Tag. Use of this tag will ensure proper handling and
identification. For instruments not covered by the war-
ranty, a purchase order should be forwarded to avoid
unnecessary delay.

AND MAINTENANCE

5.2 IDENTIFICATION OF TROUBLE.

5.2.1 POWER. When troubleshooting, connect the in-
strument to the line through a metered Variac auto-
transformer, if possible, to allow a continuous check
on the power being drawn from the line. The power
drain of the Type 1806-AR is approximately 22 watts
at normal line voltage. Any appreciable departure from
this value indicates circuit trouble. If the power
consumption is low, failure of either power supply or
the opening of the heater of one or more vacuum tubes
is indicated. If the power consumption is greater than
normal, a short circuit is the possible cause.

Be sure the instrument is connected to a power
source of the correct voltage and frequency ratings. The
pilot lamp should light when the instrument is tumed
on. If it does not, make sure (with an ohmmeter) the
lamp is not burned out. Next check the fuses, adjacent
to the power plug. Disconnect the power cord from the
power source before attempting to check or replace the
fuses.

If none of the above procedures restore the op-
operation of the instrument, it should be returned to
General Radio for further servicing.

5.2.2 LOW-VOLTAGE POWER SUPPLY. Failure of the

low-voltage power supply will make the voltmeter com-
pletely inoperative, since this supply furnishes power

1
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to the heaters of all three vacuum tubes. If the pilot
lamp lights, but no indication is obtained on the meter,
turn the MEASUREMENT knob to (), the VOLTS FULL
SCALE knob to xl, and, using another voltmeter, be
sure there is 6.3 volts between test point +6.3 and
test point -6.3 on the etched board (see Figures 5-1
and 5-6). If the voltage is not correct, there is prob-
ably trouble in the low-voltage, transistorized, regula-
tor circuit. It may be necessary to replace transistor
Q502, Q503, Q501, or diode CR506, Figure 5-1.

5.2.3 HIGH-VOLTAGE POWER SUPPLY. The voltage
from test point B+ to test point B- (see Figures 5-1
and 5-6) should be approximately 550 volts. This is a
simple half-wave rectifier circuit; any troubles that oc-
cur in this section should be easily diagnosed. Note
that an incorrect output voltage may be due to trouble
in the circuit to which it supplies power.

5.2.4 MAIN CURRENT TROUBLES. Difficulties with
the main dc amplifier circuit, such as failure of a
tube, transistor, or other component, can be located by
test-voltage measurements. Use a 20,000-ohms-per-volt
test meter or a second Type 1806 Electronic Voltmeter.
Set the MEASUREMENT knob to DC+ and the VOLTS
FULL SCALE knob to 150. Short the red binding post
to the gray, and connect the link from the gray to the
metal binding post. The correct dc voltages, with re-
spect to the circuit ground (gray binding post), are
given in Table 5-1. (For locations of these test points,
see Figures 5-1 and 5-6).

TABLE 5-1.
CORRECT DC VOLTAGES TO GROUND FROM YARIOUS
TEST POINTS (T.P.) AND ANCHOR TERMINALS (A.T.).

TEST POINT VOLTS
TP B+ +310
TP B- -240
TP 6.3+ +6.3
TP 6.3- 0
V101, 8 +4.6
V101, 3 +4.6
V102, 3, A.T. 23 +4.0
V102, 8, A.T. 24 +4.0
A.T. 20 +10
A.T. 14 +0.3
A.T. 28 -1.3

12

5.2.5 MULTIPLIER RESISTORS. If the voltmeter func-
tions correctly on some ranges but not on others, t.he
trouble is undoubtedly in some of the multiplier resis-
tors or their associated switching networks. Determine
which ranges are not operating properly and measure
the corresponding multiplier resistors, (given in Table
5-2)>
TABLE 5-2.
MULTIPLIER RESISTORS IN THE CIRCUIT FOR
EACH RANGE SETTING.

RANGE SETTINGS RESISTOR IN CIRCUIT*

DC, 1.5 VOLTS, or ) R131
DC, 15 VOLTS R130
DC, 150 VOLTS and 1500 VOLTS R128
AC, 1.5 VOLTS R137
AC, 15 VOLTS R136 and associated

network

R132, R136, and associated
network

AC, 150 VOLTS

*Sece Schematic Diagram and Parts List for resistance values.

5.2.6 HIGH-VYOLTAGE DC DIVIDER. If the instrument
operates correctly on the 1.5-, 15-, and 150-volt dc
ranges, but not on the 1500-volt dc range, suspect fhe
high-voltage dc divider. The latter consists of a string
of resistors totaling 100 megohms, nearly all of which
are located at the bottom of the etched board. Check
this circuit for continuity.

5.2.7 THE PROBE. When improper operation of the
probe is suspected, it should be opened in the follow-
ing manner:

Figst, unscrew the gray plastic tip by means of
the knurled ring at the base of the tip; at the same time,
pull on the cable with the little finger of the hand ho.ld-
ing the body of the probe, and draw the inner S.CCUOII
away from the tip (see Figure 5-2). When the tip has
been removed, slide the body shell along the c:fble
until the inner components of the probe are accessible
(Figure 5-3). If the ceramic diode must be changed,
pull the tube out to the side; to replace it, push the
new diode in from the side. Be sure to rotate the tube
so that the heater buttons pass to either side of the
heater contact springs, and so that the cathode contact
groove in the side of the diode slides directly into the
fingers of the cathode contact spring. Then slide the
body shell back over the inner section of the probe.

Use considerable care in all operations on the
probe; do not damage any of the inner components, for
instance by bending the spring fingers of the anode con-
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tact plate. When reassembling, be careful not to snag
the tube on the body shell.

5.2.8 HIGH-VOLTAGE AC DIVIDER. If the instrument
operates properly on the 1.5~ 15-, and 150-volt ranges,
but not on the 1500-volt ac range, the difficulty may

must be provided. When there is doubt as to the ac-
curacy of the measurement, or if the presence of dis-
tortion in the available test voltages is suspected, the
voltmeter should be returned to General Radio for re-
calibration.

The procedure for recalibrating the voltmeter is
outlined below for use where suitable test voltages

Figure 5-1. Top interior view of the
Type 1806-AR Electronic Voltmeter.

be in the high-voltage ac divider. This circuit (Figure
5-7) is located on a small etched board, on the right
side of the instrument. Check the components in this
circuit.

5.2.9 ZERO ADJUST. If the range of zero adjustment
is too large or too small, this may be due to any one
of several possible malfunctions. Be sure terminal 117
is approximately 1.6 volts more positive than terminal
114. An improper voltage at this point indicates trouble
in CR103, CR104, CR105, or CR106. See Figure 5-6
for location of these terminals and components.

5.3 RECALIBRATION.

5.3.1 GENERAL. Complete recalibration of the Type
1806-AR Electronic Voltmeter requires several low-
distortion sources of sinusoidal voltageand a source of
dc voltage, all of accurately known amplitude. The ac-
curacy of the recalibration depends upon the accuracy
of the test voltages; therefore, a means of measuring
the ac and dc test voltages to an accuracy of 10.5%

are available. Be sure to follow the instructions in the
order given.

5.3.2 CALIBRATION OF 1.5, 15, and 150-VOLT

RANGES. Turn on the instrument and allow it to warm

a7

% |

Figure 5-2. Unscrewing the tip from probe. Notice little
finger of band holding cable, to withdraw
inner part of probe from tip.

Figure 5-3. Inner section of probe removed from shell.
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up for 15 minutes. Set the MEASUREMENT knob to
DC- and the VOLTS FULL SCALE knob to 1.5. Short-
circuit the input and adjust the meter indication to
zero. Turn the VOLTS FULL SCALE knob to 150 and
connect a source of -150 volts dc, +0.5%, to the input
binding posts. Adjust R142, CAL 150 DC, so that the
meter indicates exactly full scale. (See Figure 5-4 for
location of this control.) Disconnect the voltage, and
replace the short circuit at the input. Turn the VOLTS
FULL SCALE knob to 1.5 and reset the zero, if neces-
sary. Then connect -1.5 volts dc, 0.5%, to the input
binding posts. Adjust R129, CAL 1.5 DC, so that the
meter indicates exactly full scale. There is some slight
interaction between these two controls, so that a re-
check of the calibration at -150 volts should be made
as described above. Then check the full scale indica-
tion on the 15-volt range. Turn the MEASUREMENT
knob to DC+, reverse the polarity of the dc test volt-

provides the heater power for the diode rectifier in the
probe; therefore, it is important that this adjustment be
made before the ac voltage ranges are calibrated. Set
the MEASUREMENT knbb to () and the VOLTS FULL
SCALE switch to x 10K. Short circuit the input bind-
ing posts and set the DC ZERO. Then remove the
short circuit and adjust R508, ADJUST 6.3V, so that
the meter indicates exactly full scale.

The calibration of each range of the ohmmeter
is determined by the value of a precision resistor. Use
the following values of resistance standards to check
the various ranges: 1, 10, 100, 1k, 10k, 100k, 1M, 10M,
and 100M ohms, each +1%. Check three values on each
range, at the 1, 10, and 100 points on the meter scale.
A significant error on any range indicates that one or
more of the resistors are outside the limits and must
be replaced. When checking the values of the smaller
resistors, be sure to subtract the resistance of any
leads that are used.

Figure 5-4. Rear view of the voltmeter.

age, and check the full-scale indications on the same
three ranges as before. With the use of an accurate
voltage divider, such as the General RadioType 1454-A
Decade Voltage Divider, the linearity of the meter de-
flection can be checked by applying test voltages cor-
responding to four or five different values, distributed
across the scale.

5.3.3 CALIBRATION OF 1500-VOLT DC RANGE. This
calibration involves only the setting of the 100-megohm,
10:1, input-voltage divider, in the circuit on this range.
Turn the MEASUREMENT knob to DC- and the VOLTS
FULL SCALE knob to 150. Apply -150 volts dc to the
input binding posts, so that a full-scale deflection is
obtained. Then change the VOLTS FULL SCALE
switch to 1500 and adjust R112, CAL 1500 DC, to give
z meter indication of exactly one tenth of full scale
(1.5 on the outer scale).

5.3.4 OHMMETER ADJUSTMENT. Setting the full-scale
indication, i.e., the voltage of the regulated supply,
is the only ohmmeter adjustment required. This supply

5.3.5 CALIBRATION OF AC RANGES.

5.3.5.1 General. The calibration of the ac ranges is
for the most part accomplished by the adjustment of the
dc calibration controls, since highly precise multiplier
resistors are used on all ranges. However, two addition-
al adjustments are necessary: those of the probe bias
and the input voltage divider for the 1500-volt range.
5.3.5.2 ‘Probe Bias Adjustment. The procedure for
this adjustment is as follows: After warm-up, set the
MEASUREMENT switch to AC and the RANGE switch
1.5. Short-circuit the input to the probe and set AC

ZERO. Remove the short circuit and apply a low-dis-
tortion, 400-cycle, sine-wave signal of 0.2 volt, rms, to
the probe. If the voltmeter does not indicate exactly
0.2 on the inner scale, the probe bias must be read-
justed. Keep the ac signal connected. If the meter in-
dication is too low, adjust R150, PROBE BIAS, to
give a lower indication; if it is too high, adjust R150

for a higher indication. Then remove the signal, short-

circuit the input, and reset the AC ZERO. Again ap-
ply the precise 0.2-volt signal. The meter indication
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should now be exactly 0.2. Repeat this procedure until
the desired accuracy is obtained.

The 1.5-, 15-, and 150-volt ranges can now be
checked at full scale and at various points along the
scale, using suitable meters and an accurate voltage
divider.
5.3.5.3 Calibration of 1500-Volt AC Range. This cal-
ibration involves adjustment of the capacitance-com-
pensated resistance voltage divider that is switched
into the circuit on this range. The divider is located
below the shelf on the left, immediately behind the

Figure 5-5. Bottom interior

view of the voltmeter.

front panel (see Figure 5-5). The calibration is accom-
plished in three steps: the resistance adjustment, the
capacitance adjustment, and the adjustment for Boella
effect in the high-voltage resistor.

To adjust the resistance, proceed as follows:

Set the MEASUREMENT switch to AC andthe
VOLTS FULL SCALE switch to 150. Place the probe
in its socket and connect a low-distortion, 400-cycle
signal of 150 volts to the input binding posts. Adjust
the amplitude of the source to give exactly full-scale
deflection. Change the VOLTS FULL SCALE switch to
the 1500-volt range and set R116 (on the ac divider
board) so that the indication is exactly one tenth of
full scale (1.5 on the outer scale).

The following procedure should be used for the
capacitance adjustment:

with the MEASUREMENT switch at AC, set the

VOLTS FULL SCALE switch at 150. Apply a low-dis-
tortion, 100-kc signal of 150 volts to the input binding
posts. Adjust the amplitude of the source to give ex-
actly full-scale deflection. Then change the VOLTS
FULL SCALE switch to 1500 and set C102 (on the ac
divider board) so that the indication is exactly one
tenth of full scale (1.5 on the outer scale).

The third necessary adjustment, that of the high
voltage resistor, gives the voltage divider a more flat
frequency response in the vicinity of 10 kc (the region
of the crossover from a resistance divider to a capaci-

RII6

tance divider). The difficulty is due to a number of
causes, including the Boella effect in the high-voltage
resistor and the changing source impedance seen by
the diode in the probe. To make the adjustment, bend
the striped high-voltage resistor (R114) away from, or
nearer to, the board. This resistor is mounted on long
leads to facilitate the adjusting of its position. First,
measure the frequency response of the high-voltage ac
divider by applying an input signal of 150 volts to the
binding posts, as described in the previous section.
Make the measurements at 5, 10, 15, and 20 kc, and
perhaps also at 2.5, 7, and 12 kc. Set the signal am-
plitude for full scale on the 150-volt range; then mea-
sure the response of the divider at one-tenth scale on
the 1500-volt range. A departure of less than *2%
from the correct adjustment can be corrected by the
proper positioning of the resistor.

15



PARTS LIST

REF NO. DESCRIPTION PART NO.
Cl CAPACITOR, 5000 pf, 600 dcwv 1800-2510
Cl101 CAPACITOR, 2 pf 1806-2000
C102 CAPACITOR, Trimmer, 5-25 pf. 500 dcwv 4910-1150
C104 CAPACITOR, Plastic, 0.01 pf, £10%, 200 v 4860-7751
C105 CAPACITOR, Plastic, 0.001 pf, £10%, 400 v 4860-7308
C106 CAPACITOR, Plastic, 0.001 pf, +10%, 400 v 4860-7308
C107 CAPACITOR, Ceramic, 0.01 pf, +80-20%, 500 dcwv 4406-3109
C108 CAPACITOR, Ceramic, 100 pf, #10%, 500 dewv 4404-1108
C109 CAPACITOR, Ceramic, 100 pf, £10%, 500 dewv 4404-1108
C110 CAPACITOR, Ceramic, 100 pf, £10%, S00 dcwv 4404-1108
Cl11 CAPACITOR, Ceramic, 100 pf, +10%, 500 dcwv 4404-1108
Cl12 CAPACITOR, Ceramic, 100 pf, £10%, 500 dcwv 4404-1108
C501A CAPACITOR, Electrolytic, 15 pf 4450-3500
C501B CAPACITOR, Electrolytic, 15 pf, +100-10%, 400 dcwv 4450-3500
C502A CAPACITOR, Electrolytic, 15 pf 4450-3500
C502B CAPACITOR, Electrolytic, 15 pf, +100-10%, 400 dcwv 4450-3500
C503A CAPACITOR, Electrolytic, 1500 pf 4450-0700
C503B CAPACITOR, Electrolytic, 750 pf, +100-10%, 25 dcwv 4450-0700
C503C CAPACITOR, Electrolytic, 750 pf 4450-0700
C504 CAPACITOR, Ceramic, .0047 pf, +80-20%, 500 dewv 4405-2479
C505 CAPACITOR, Ceramic, .0047 pf, +80-20%, 500 dcwv 4405-2479
R1 RESISTOR, Composition, 100 M£2, +5%, 1/2w 6100-5915
R2 RESISTOR, Composition, 100 M, £5%, 1/2w 6100-5915
R101 RESISTOR, Composition, 9.1 M2, +5% 6100-5915
R102 RESISTOR, Composition, 9.1 M, +5% 6100-5915
R103 RESISTOR, Composition, 9.1 M, +5% 6100-5915
R104 RESISTOR, Composition, 9.1 M, +5% 6100-5915
R105 RESISTOR, Composition, 9.1 M, +5% 6100-5915
R106 RESISTOR, Composition, 9.1 M, 5% 6100-5915
R107 RESISTOR, Composition, 9.1 M&, +5% 6100-5915
R108 RESISTOR, Composition, 9.1 M, +5% 6100-5915
R109 RESISTOR, Composition, 9.1 M, +5% 6100-5915
R110 RESISTOR, Composition, 9.1 M, 5% 6100-5915
R111 RESISTOR, Composition, 9.1 M%, +5% 6100-5915
R112 RESISTOR, Potentiometer, Composition, 2 M, +20% 6010-2400
R113 RESISTOR, Composition, 10 MQ, #5%, 1/2w 6100-6105
R114 RESISTOR, Film, 22.5 MR, +5%, 2w 6225-5225
R115 RESISTOR, Film, 2.74 MQ, £1%, 1/4w 1806-2720
R116 RESISTOR, Potentiometer, Composition, 500 k2, +10% 6010-2200
R117 RESISTOR, Precision, 46 2, 1%, 1w 6730-0046
R119 RESISTOR, Film, 34.8 MQ, *1%, 2w 6590-5348
R120 RESISTOR, Film, 348 kQ, 1%, 1/8w 6250-3348
R121 RESISTOR, Film, 3.48 k@, 1%, 1/8w 6250-1348
R122 RESISTOR, Precision, 147 2, #1%, 1w 6730-0147
R123 RESISTOR, Composition, 51 2, 5%, 1/2w 6100-0515
R124 RESISTOR, Composition, 51 £, +5%, 1/2w 6100-0515
R125 RESISTOR, Composition, 8.2 M, 5%, 1w 6110-5825
R126 RESISTOR, Composition, 100 k2, +5%, 4w 6095-3100
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PARTS LIST (continued)

REF NO. DESCRIPTION PART NO.
R127 RESISTOR, Film, 825 @, +1%, 1/8w 6250-0825
R128 RESISTOR, Film, 143 k2, +1/2%, 1/4w 6351-3143
R129 RESISTOR, Potentiometer, Wire-Wound, 2502, £10% 6050-0900
R130 RESISTOR, Film, 13.3 k, *1/2%, 1 /4w 6351-2133
R131 RESISTOR, Film, 432 @, +1 /2%, 1 /4w 6351-0432
R132 RESISTOR, Film, 182 k@, +1/2%, 1/4w 6351-3182
R133 RESISTOR, Composition, 360 k2, 5%, 1/2w 6100-4365
R134 RESISTOR, Composition, 130 k%, 5%, 1/2w 6100-4135
R135 RESISTOR, Composition, 150 k@, 5%, 1/2w 6100-4155
R136 RESISTOR, Film, 21 k, +1/2%, 1/8w 6251-2210
R137 RESISTOR, Film, 6658 , 1/2%, 1/4w 6351-0665
R138 RESISTOR, Composition, 191k, *1%, 1/8w 6250-3191
R139 RESISTOR, Film, 249 @, +1%, 1/8w 6250-0249
R140 RESISTOR, Film, 383 @, £1%, 1/8w 6250-0383
R141 RESISTOR, Composition, 1 k&, £5%, 1/2w 6100-2105
R142 RESISTOR, Potentiometer, Wire-Wound, 5 k@, £10% 6050-1700
R143 RESISTOR, Composition, 100 k&, 5%, 4w 6095-3100
R144 RESISTOR, Composition, 8.2 M@, 5%, 1w 6110-5825
R145 RESISTOR, Power, 4.7 @, +5%, 3w 6680-9475
R146 RESISTOR, Potentiometer, Composition, 10 kQ, +10% 6040-1750
R147 RESISTOR, Potentiometer, Composition, 10 k€2, +10% 6040-1750
R148 RESISTOR, Composition, 82 k&, 5%, 1w 6110-3825
R149 RESISTOR, Composition, 3.3k, 5%, 1/2w 6100-2335
R150 RESISTOR, Potentiometer, Composition, 10 k€, *10% 6010-0900
R151 RESISTOR, Composition, 82 k@, +5%, 1w 6110-3825
R152 RESISTOR, Composition, 120 k£, +5%, 1w 6110-4125
R153 RESISTOR, Composition, 75 k€, £5%, 1w 6110-3755
R154 RESISTOR, Composition, 11k , £5%, 1/2w 6100-3115
R155 RESISTOR, Composition, 2 k2, 5%, 1/4w 6099-2205
R156 RESISTOR, Composition, 2 k@, £5%, 1 /4w 6099-2205
R157 RESISTOR, Composition, 2 k®, +5%, 1 /4w 6099-2205
R158 RESISTOR, Composition, 2 k®,+5%, 1 /4w 6099-2205
R159 RESISTOR, Power, 1.5, 5%, 3w 6680-9155
R501 RESISTOR, Composition, 27 2, £5%, 1/2w 6100-0275
RS502 RESISTOR, Power, 0.47%9, £10%, Sw 6660-9047
R503 RESISTOR, Composition, 10 k9, £5%, 1 /2w 6100-3105
R504 RESISTOR, Composition, 150 @, +5%, 1 /2w 6100-1155
R505 RESISTOR, Composition, 1 k2, +5%, 1/2w 6100-2105
R506 RESISTOR, Composition, 240 2, +5%, 1 /2w 6100-1245
R507 RESISTOR, Wire-Wound, 75 2, £5%, 2w 6760-0755
R508 RESISTOR, Potentiometer, Wire-Wound, 100 €, £10% 6050-0800
R509 RESISTOR, Wire-Wound, 330 2, +10%, 2w 6760-1339
CR101 RECTIFIER, 1N3253 6081-1001
CR102 RECTIFIER, 1N3253 6081-1001
CR106 DIODE, 1N758A 6083-1012
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PARTS LIST (continued)

DESCRIPTION

PART NO.

RECTIFIER, 1N3256
RECTIFIER, 1N3256
RECTIFIER, 1’N3660
RECTIFIER, 1N3660
RECTIFIER, 1N91
RECTIFIER, 1N750
FUSE, 115 v, 0.3 amp
FUSE, 115 v, 0.3 amp
FUSE, 230 v, 0.15 amp
FUSE, 230 v, 0.15 amp
BINDING POST
BINDING POST
BINDING POST
BINDING POST
METER

PILOT LIGHT, 6.3 v, .15 amp, Mazda #47

PLUG

PLUG, Power Cable
TRANSISTOR, 2N1131
TRANSISTOR, 2N1131
TRANSISTOR, 2N1540
TRANSISTOR, 2N1304
TRANSISTOR, 2N1304
SWITCH, Rotary Wafer
SWITCH, Rotary Wafer
SWITCH, Rotary Wafer
SWITCH, Toggle
TRANSFORMER

TUBE

TUBE

TUBE

6081-1004
6081-1004
6081-1005
6081-1005
6081-1009
6083-1003
5330-0500
5330-0500
5330-0800
5330-0800
4060-0400
4060-0410
4060-1800
1806-1000
5730-0970
5600-0960
1800-3500
4240-0600
8210-1025
8210-1025
8210-1540
8210-1304
8210-1304
7890-3370
7890-3380
7890-3470
7910-1500
0485-4017
1806-7266
8380-5751
8370-0600
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Figure 5-6. Main etched board.

Figure 5-7. AC high-voltage divider etched board.
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Figure 5-9. ‘Switching diagram of Type 1806-AR Electronic Volimeter.

Rotary switch sections are shownas viewed trom the
panel end of the shaft. The first digit of the contact
number refers to the section. The section nearest
the panel is 1, the next section back is 2, etc. The
next two digits refer to the contact. Contact 01 is
the first position clockwise from a strut screw (usu-
ally the screw above the locating key), and the other
contacts are numbered sequentially (02, 03, 04, etc),
proceeding clockwise around the section. A suffix
F or R indicates that the contact is on the front or
rear of the section, respectively.
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