OPERATING INSTRUCTIONS

)

TYPE 1230-A
D-C AMPLIFIER AND ELECTROMETER

Form 925-B
February, 1957

D

GENERAL RADIO COMPANY

275 MASSACHUSETTS AVENUE
CAMBRIDGE 39 MASSACHUSETTS

BRANCH ENGINEERING OFFICES
NEW YORK: Broad Avenue at Linden WASHINGTON: 8055 13th Street
Ridgefield, New Jersey Silver Spring, Maryland
CHICAGO: 920 South Michigan Avenue LOS ANGELES: 1000 North Seward Street
Chicago 5, lllinois Los Angeles 38, California

PHILADELPHIA: 1150 York Road SAN FRANCISCO: 1182 Los Altos Avenue
Abington, Pennsylvania Los Altos, California

REPAIR SERVICES

WEST COAST EAST COAST CANADA
e Western Instrument Company General Radio Company Bayly Engineering, Ltd.
m 826 North Victory Boulevard Service Department First Street
b Burbank, California 275 Massachusetts Avenue Ajax, Ontario
Cambridge 39, Massachusetts

Printed in U.S.A.




D)

O

YOLTAGE RANGES
CURRENT RANGES

ACCURACY

RESISTANCE RANGES

RESISTANCE STANDARDS

INPUT RESISTANCE

INPUT CAPACITANCE
DRIFT
OUTPUT

FREQUENCY CHARACTERISTIC

TERMINALS

INPUT SWITCH

INPUT INSULATION

TEMPERATURE, HUMIDITY, LINE.
VOLTAGE EFFECTS

TUBES

ACCESSORIES SUPPLIED

ACCESSORIES AVAILABLE
MOUNTING
POWER SUPPLY

DIMENSIONS
WEIGHT

SPECIFICATIONS

30, 100 and 300 d-c millivolts full-scale; +1, 3 and 10 volts full-scale. Accuro-
cy is 2% of full scale on all but the 30 mv range where it is 4% of full scale.

41 milliampere (10-3 amp) dc full scale to £300 millimicromicroamperes (3 x 1013
amp) de full scale, in 20 ranges (two per decade).

3% of full scale from 10°3 amp to 3 x 109 amp, and 10% of full scale from 1010
amp to 3 x 1013 amp.

Direct reading in resistance from 300 kilohms to 10 megamegohms (10]3 ohms) at
full scale (5 x 1014 chms at smallest meter division). There are 16 ranges (two
per decade). At full scale, accuracy is 3% from 3 x 10° ohms to 'IOIO ohms, and

8% from 3 x 10'0 ohms to 103 ohms. The voltage across the unknown resistance
is 9 volts.

The resistance range may be extended considerably by the use of external
batteries and the most sensitive voltage range. With a 300-volt battery, the high-

est resistance range is 1013 ohms full scale (6 x 10'6 ohms at the smallest meter
division). The full battery voltage appears across the unknown resistance.

104, 105, 105, 107, 108, 1'09, 1010, and 101! ohms. The switch also includes zero
and infinity positions. The 104. and 109-chm resistors are wire wound and are ac-
curate to 0.25%. The 106-, 107-, and 108-0hm resistors are of deposited-carbon
construction and are accurate to 1% The 109, 10'0, and 10! 1resistors are car-
bon, and have been treated to prevent adverse humidity effects, and are accurate
to 5%. A switch position permits a quick check of the higher resistance stand-
ards in terms of the wire-wound units.

The input resistance is determined by the setting of the resistance standards
switch. In the infinity position, it is about 104 ohms.

Less than 35 uuf.

Less than 2 mv per hour after 1 hour warmup.

Voltage, current, and resistance are indicated on a ponel meter. Terminals are
available for connection of a recorder (such as the Esterline-Angus 5-ma or 1-ma
graphic recorder). The recorder resistance can be up to 1500 ohms.

Ty S— —— — - - e

With a 1500-ohm load at the OUTPUT terminals, the frequency characteristic is
flat within 5% from zero to 10, 30, 100, 300, 1000, and 3000 cycles at the 30-, 100-,
300-millivolt, 1-, 3-, and 10-volt ranges, respectively.

The input is connected through a Type 874 coaxial terminal assembly. In addi-
tion, there are “low” terminals to provide versatility in guard and ground con-
nections, as required, for example, in “three-terminal network” measurements.

A panel switch permits disconnecting the unknown without upsetting either the un-
known or the measuring circuit.

Entirely teflon or siliconed glass.
Negligible.

One 5886 electrometer tube, one CK6418, one 6ANS, one 6ALS, one 6627, and
three OB2 tubes.

One Type 874-411 Adaptor, one Type 1230-P1-300 Panel Adaptor Assembly, two
Type 274-MB Plugs, one Type 274-5B Plug, spore fuses, and power cord.

Type 1230-P1 Component Shield, Esterline-Angus case.

Aluminum front and rear panels finished in black-crackle lacquer and encased in
on aluminum black-wrinkle-finished sleeve-like cabinet. The instrument can be
mounted (by four screws in the rear panel) inside an Esterline-Angus case.

105 to 125 (or 210 to 250) volts, 50 to 60 cycles. Power input is approximately
45 watts at 115 volts.

Height 13-1/4 in., Width 7.5/8 in., Depth 9 in., over-all.
15-1/4 Ib.
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Section 1
INTRODUCTION

1.1 GENERAL. The Type 1230-A D-C Amplifier

and Electrometer (Figure 1) is a power-line-oper -
ated, direct-current, vacuum-tube voltmeter of high
gensitivity., The instrument, which uses neither a
chopper nor a vibrator, has three direct-coupled
stages of amplification. Its input resistance is ex-
tremely high because an electrometer -type tube is
used in the first stage. The output is indicated on
a 5-ma panel meter or on a recorder.

Name Description
‘MV-VOLTS-OHMS

'INPUT RESISTANCE OR
OHMS MULTIPLIER

'POLARITY ‘Toggle switch

'ZERO (PUSH) ‘Push-lock button
'POWER
'GROUND ‘Three-position switch

'COARSE-ZERO-FINE  Two rotary knobs

7Nine—posit10n rotary switch

'10-position rotary switch

Four -position rotary switch

1.2 PURPOSE. The instrumentis essentially a mil-
livoltmeter. A panel switch, which allows the se-
lection of a resistance standard in decimal steps
from 104 to 1011 ohms, adapts the instrument for
use as a millimicromicroammeter and a megameg-
ohmmeter. The provision for recording extends the
use of the equipment to monitoring and curve-trac-
ing applications.

1.3 CONTROLS. The following table lists the controls on the panel of the instrument:

Use
‘Selects voltage and resistance ranges.
‘Selects resistance standard.
‘Selects polarity of input voltage or
current.

Permits disconnecting input for check-
ing meter zero.

Controls power-line connection. Meter
opened for first two positions.

Grounds one of three rear-panel term-
inals.

‘For setting meter to zero.

1.4 CONNECTIONS. The following table lists the rear-panel connections on the instrument:

7ﬁ;a1_p_g Description
INPUT Coaxial connector
‘none 7]ack—top binding post
LR, E 7]ack-top binding posts (3)
'OUTPUT +, - ‘Jack-top binding posts (2)

‘115 (or 230) VOLTS
50 - 60 ~

Recessed male connector

Use

'Input connection
‘Ground terminal
Low -impedance-level guard terminals

Terminals for connecting recorder or
accessory meter

‘Power input
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2

THEORY OF OPERATION

2.1 VOLTAGE MEASUREMENTS.

2.1.1 The amplifier circuitis essentially a cathode-
follower, where the "tube" is a three-stage, direct-
coupled amplifier. (See Figure 2.) The net trans-
conductance is so great that the voltage change
across the cathode resistor is essentially the same
as the voltage applied to the input terminals. The
panel meter reads the current change inthe cathode
resistor (Rg) and is calibrated to read millivolts
directly. erent ranges are obtained by the se-
lection of different values for Rg. The meter zero
is the same for all ranges. The full-scale ranges
are 30, 100, and 300 millivolts, 1, 3, and 10 volts.
The corresponding Rpg values are 6, 20, 60, 200,
600, and 2000 ohms.

£z
¢
INPUT 2
@ A
Re 0-5MA ourpur
()
&/

Figure 2. Cathode-Follower Circuit.

2.1.2 Because the first stage is an electrometer
tube, the grid current is small (about 10714 am-
peres). The glass envelope of the tube has been
treated with General Electric Dri-Film SC-87, and
all other insulation of the input circuit is of teflon.
As a consequence, the input resistance is deter-
mined by the setting of the INPUT RESISTANCE
switch (Rp, Figure 2), even under conditions of
high humidity.

2.2 CURRENT MEASUREMENTS.

2.2.1 One method of measuring current is to note
the voltage developed across the selected resist-
ance standard (R 4) by the unknown current. Since
the resistance va.lAues of the standards are multiples
of 10, the meter reads current directly. The "am-
meter resistance" of the instrument is equal to the

resistance Rj, as determined by the setting of the
INPUT RESISTANCE switch,

2.2.2 A second method of measuring current re-
sults in an appreciably lower "ammeter resistance",
Since the voltage at the input and the voltage across
Rp are practically equal and of the same polarity,
the voltage difference from the high INPUT term-
inal (grid of first tube) to the high side of Rg (I,
Figure 2) is very small. Any current source con-
nected between these two points cannot develop ap-
preciable voltage between the points, and the "am-
meter resistance” is therefore very low. The un-
known current, however, still flows through Ry,
and therefore the instrument indicates current in
the same manner as that described in paragraph
2.2.1. The lower "ammeter resistance” is obtain-
ed at some sacrifice in stability, however, if the
sourceresistanceis relativelylow. (Refer to para-

graph 4.3.)

2.3 RESISTANCE MEASUREMENTS. Resistance
measurements are made by means of an auxiliary
voltage, E3 (9.1 volts if internal, any voltage up to
at least 60?] volts if external), connected in the se-
ries network of standard and unknown resistors
(see Figure 3). The resultant voltage drop across
the standard resistor is a measure of the unknown
resistance. The meter is calibrated to indicate this
resistance directly when E3 is internal.

olole
AN

@E

Figure 3. Guard-Point Arrangement.

2.4 OUTPUT CIRCUIT. The resistance of the re-
corder or other network at the output terminals can
be as greatas 1500 ohms withno effecton perform-
ance.
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2.5 GROUND AND GUARD. The unknownis usually

connected from the high coaxial INPUT terminal to
ground and the panel GROUND switch is set to R
for resistance measurements, E for voltage meas-
urements, and E or I for current measurements.

For measurement of three-terminal resist-
ances or ungrounded resistances, a more flexible
guard-ground system is desirable. To meet these
situations, the Type 1230-A D-C Amplifier includes
three guard terminals (I, R, and E), with provision
for grounding any one of the three. Figure3 shows
the guard-point arrangement.

2.6 RESISTANCE STANDARDS CHECK. The 10%-

and 109-ohm resistance standards of the INPUT
RESISTANCE switch are wire-wound and are ac-
curate to within 0.25 percent. The other standards

‘are selected for hilgh accuracy and stability, but

resistors up to 1011 ohms are not yet available
with 0.25-percent commercial tolerance. A simple
checking system is included whereby any resist-
ance standard R, above 105 ohms can be quickly
measured to a fair degree of accuracy in terms of
the resistance standard two switch positions below

R
1t(—1—6‘3—) . (Refer to paragraph 5.1.)

‘2.7 STABILITY. The instrument's high stability is

largely due to the shock-mount construction adopted
for the first two stages. To eliminate effects of
line-voltage fluctuations, the voltage that supplies
the grid-bias, filament-current, and screen-grid
voltage of the first two amplifier tubes as well as
the plate voltage of the first tube is carefully stab-
ilized by means of two regulator stages.

Section 3

INSTALLATION

‘3.1 POWER SUPPLY. When connected to a 50-60-

cycle power line of voltage as indicated onthe plate
below the power plug (115 or 230 volts), the Type
1230-A D-C Amplifier and Electrometer is ready
for operation. If the instrument is not wired for
the power-line voltage available, the fuses must be
changed, the transformer terminals rewired (see
Figure 15), and the plate at the power plug revers-
ed to indicate the correct voltage.

3.2 RECORDER. Output terminals in series with
the 0-5-ma meter allow the connection of a re-
corder, such as the Esterline-Angus 0-5-ma or
0-1-ma Graphic Recorder. If the recorder sen-
sitivity is greater than 5 ma, the recorder term-
inals can be shunted down so that the full-scale
deflection is 5 ma. For example, if the Esterline-
Angus 1l-ma recorder is used, a 350-ohm shunt
across the 1400-ohm recorder will reduce the sen-
sitivity to 5 ma full scale. While a simple shunt is
usually satisfactory, the response time may be
large because the recorder is overdamped. In the
above example, a series-parallel shunt consist-
ing of 5600 ohms directly in series with the 1400-
ohm recorder, and 1750 ohms shunted across the
series pair reduces the response time from about
3 seconds to 1.2 seconds while maintaining the net
load at the Type 1230-A OUTPUT terminals at 1400
ohms.

If the 1-ma recorder is not shunted, the ef-
fective sensitivity is increased by a factor of five
(e.g. 6 mv full scale at a 30-mv setting). The only
adverse effect is the corresponding magnification
of noise and drift.

Wher. the POLARITY switch is at minus, the
negative (lower) OUTPUT terminal is connected to
the E terminal through an internal choke coil. If
the GROUND switch is at E, the negative OUTPUT
terminal (and any recorder connected to it) is
grounded.

‘3.3 SHIELDING OF UNKNOWN. Because the in-

strument is a high-resistance device, and sensi-
tive to very small potentials, its INPUT terminal
must be shielded from any source of unwanted po-
tential. Also, any change in capacitance at the in-
put is accompanied by a proportional change in
voltage since charge is constant (Q = CE). This
is evident if the input is connected by a flexible
shielded cable; a slight mechanical disturbance of
the cable can change its capacitance and hence its
voltage enough to cause annoying surges. Similarly,
if the input is unshielded and the resistance setting
of the input resistance control is above 108 ohms,
the change in meter reading caused by the waving
of a charged polystyrene rod is quite evident, even
if the rod is some distance from the instrument.



e L A e S

pa—

fea )

£

e N s ™ W bt il . e A i e i
i ]

OUTEPUT

BER

MEM

i

T g e o T e

o

T T T P L e

et o i i e T A b s R A,

L

GENERAL RADIO COMPANY

Experiments of this nature will soon convince the
operator of the need for adequate rigid shielding.

The Type 1230-P1 Component Shield provides
excellent shielding, yet ready accessibility of com-
ponents under measurement. It plugs directly into
the coaxial INPUT terminal of the amplifier andin-
cludes connections to the various guard terminals,
This accessory contains a small (4 by S inch) shelf.
The cylindrical cover is easily removable.

Section

A Type 1230-P1-300 Panel Connector is sup-
plied with the amplifier so that the user can extend
complete shielding to any size box required.

The Type 874-411 Adaptor, supplied with the
amplifier, permits interconnection of the coaxialin-
put terminal with banana plugs or binding posts.
At low resistance levels, external shielding may
not be required. At higher levels, partially enclos-
ing the unknown may be sufficient. '

4

OPERATING PROCEDURE

4.1 PRELIMINARY SETTINGS.

4.1.1 Before turning the power ON, set the panel
switch to 10 volts, push the ZERO (PUSH) switch
in and rotate it slightly to lockit in. With the switch
in this position, the INPUT terminal is disconnected.
Close the output circuit at the OUTPUT terminals
either by using the Type 274-SB Shorting Bar sup-
plied with the instrument or by connecting a record-
er or other external circuit (of less than 1500 ohms).
(Refer to paragraph 3,2.)

4.1.2 Turnthe power switch from OFF to ON. The
power switch has four positions for optimum switch-
ing sequence. In the firstposition, power is off and
the meter-output circuitis open. Inthe secondposi-
tion, power is on, with the meter -output circuit still
open. In thethird position, the meter circuit is con-
nected but is shunted. In the fourth (ON) position,
the shunt is removed and the instrument is ready
for operation. Although no damage will be caused
if the instrument is turned on by external means
without following the above switching sequences,
the meter surge may be greater.

4.1.3 Set the meter zero by means of the COARSE
and FINE ZERO controls. The zero setting is the
same for all voltage ranges. For the most precise
adjustment, set the zero with the range switch at
30 mv. Do not permit the meter to deflect off scale
for any appreciable time,

4.1.4 During the first fifteen minutes or so, the
meter zero may change several millivolts; it is
easily reset to zero. Warm-uptime may be greater
if the amplifier has not been used for some time,
or if it is enclosed in an Esterline-Angus case.

After warm -up, the zero may continue to drift, but
the drift rate should not exceed 2 mv per hour; in
most instruments it is less than 1 mv per hour.
Drift will usually approach zero as operation time
is increased. '

4.1.5 When pushed, the ZERO (PUSH) switch opens
the high INPUT terminal, but does not otherwise
disturb either the "unknown circuit" or the ampli-
fier circuit. To lock in the position that discon-
nects the INPUT terminal, rotate the control after
pushing it in. The control springs out and recon-
nects the INPUT terminal when further rotated and
released. When connections to the INPUT term-
inals are being changed, either the INPUT term-
inal must be opened or the INPUT RESISTANCE
switchmust be set to zero. Otherwise, under some
conditions, the amplifier will be subjectedto a large
voltage surge and may require an appreciable time
for equilibrium to be established.

4.1.6 The ZERO (PUSH) switch is also used to dis-
connect the unknown and so to permit the checking
and readjustment of the meter zero. A zero check
and readjustment may be desirable if the final IN-
PUT RESISTANCE switch setting is at 1011 ohms
because of possible grid-current effects. An occa-
sional zero check and readjustment may also be
desirable when data are being recorded at themore
sensitive ranges.

4.1.7 Set the POLARITY switch for the polarity of
the input voltage or currentat the high INPUT term-
inal (center terminal of the coaxial assembly). The
POLARITY switch does not function when the MV -
VOLTS-OHMS switch is at OHMS.
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4.2 VOLTAGE MEASUREMENTS.

a. Set the GROUND switch to E.

b. Set the INPUT RESISTANCE switch to the de-
sired value.

c. Set the MV -VOLTS-OHMS switch to 10 volts.

d. Connect the unknown voltage source from
high INPUT to ground.

e. Reset the MV-VOLTS switch as necessary
and operate the POLARITY switch to obtain a volt-
age reading on the meter. The appropriate meter
scale is indicated by the final setting of the MV -
VOLTS switch.

4.3 CURRENT MEASUREMENTS. There are two
methods of measuring currentwith the Type 1230-A
D-C Amplifier and Electrometer, as described in
the following paragraphs.

First Method. Connect the unknown-current
source from the high INPUT terminal to ground and
set the GROUND switch to E. The unknown current
flows through the input resistanceRp and the volt-
age drop across it is indicated on the meter. The
unknown current is equal to the indicated voltage
E divided by the input resistance Rp. (See Figure
4a,)

Since this is essentially a voltage measurement,
adjustments and connections are as outlined in pa-
ragraph 4.2. A method that provides a lower ef-
fective ammeter resistance is described in the
next paragraph.
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Second Method. Adjust the zero controls for
exact meter zero. Connect the unknown current
source from the high INPUT terminal to ground.
Set the GROUND switch to I. As in the first meth-
od, the unknown current is:

The connections are as shown in Figure 4b, and the
effective ammeter resistance (Reff) is small com-
pared with Ry, the paael switch setting of INPUT
RESISTANCE.

R
Reefr) = A
(eff) CmRp
For typical transconductance (Gy,) of 33 mhos,

—_ 7{ ]

N

The value of Rp is a function of the s
MV-VOLTS switch as tabulated below:

Switch Sen:lng RB
30 mv 6 ohms
100 mv 20 ohms
3000 mv 60 ohms
1 v 200 ohms
3 v 600 ohms
10 v 2000 ohms

e

Figure 4. Alternate Methods for Current Measurement.
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An interesting result is that the effective in-
put resistance does not change substantially if the
R p switch is changed by a given factor and the MV -
VOLTS switch (Rp) is changed by the same factor

in the same direction. For accurate results, the
resistance of the unknown-current sourcé should
be greater than the value (in ohms) tabulated be-
low:

R VOLTS RANGE o
A lsomv [ 100Mv | 300Mv | 1V | 3V | 10V

104 | 10% 2x103 5x102 | 2x102 | 5x10 | 1.5

105 | 105 2x104 | 5x103 | 2x103 | 5x102 | 1.5x10
106 | 106 |2x105 | 5x104 | 2x104 | 5x103 | 1.5x 102
107 | 107 2x106 | 5x105 | 2x105 | 5x104 | 1.5x 103
108 | 108 2 x 107 5x 106 2x106 | 5x105 | 1.5x 104
109 | 109 2x108 | 5x107 | 2x107 | 5x106 | 1.5x 105
1010 | 1010 [ 2x109 | 5x108 | 2x108 | 5x 107 | 1.5x 106
1011 | 1011 | 2x1010 | 5x109 | 2x109 | 5x108 | 1.5x 107

Note from Figure 4b that the unknown source
resistance and R form a potential divider across
the degenerative resistor Rg; consequently, if the
source resistance is small compared to Ry, the
effective degeneration is decreased, and the tend-
ency to instability is increased, particularly at the
most sensitive range; that is why the zero controls
must be set for exact meter zero.

If the unknown source has appreciable capa-
citance, operate the instrument for a few seconds
at the 10-volt range and at a low value of INPUT
RESISTANCE (Rjp) to avoid any initial instability.

If the unknown source contains an a-c com-
ponent, the a-c source impedance may be small
compared to Ry, and the a-c component may not
then be sufficiently degenerated, with consequent
instability., In spite of these limitations, the meth-
od is useful in many applications.

4.4 RESISTANCE MEASUREMENTS WITH INTER -
NAL D-C SUPPLY.

a. Set the INPUT RESISTANCE OR OHMS MUL-
TIPLIER switch to zero.

b. Set the MV -VOLTS-OHMS switch to 90 ohms,
and adjust the zero control knobs for meter zero
(coon resistance scales). The POLARITY switch
does not function when the MV -VOLTS-OHMS switch
is at an OHMS setting, as the low side of the un-
knownresistance is connected to the positive term-
inal of the internal 9.1-volt source.

c. Set the GROUND switch as follows:

(1) If the unknown resistance is grounded,
connect it from the high INPUT terminal to the ad-
jacent ground terminal and set the GROUND switch

to R. (See Figure 5.) Instrument leakage from IN-
PUT to ground (about 1014 ohms)will be across the
unknown, and therefore may affect the final reading.
The actual leakage value can be determined by a
preliminary measurement with the unknown resist-
ance Ry disconnected.

e J,
Tk

Figure 5. Resistance Measurement with Internal
D-C Supply.

(2) If theunknownresistance is not grounded,
and especially if small high-resistance components
(that need not be grounded) are to be measured,
connect the unknown from the high INPUT terminal
to the R terminal and set the GROUND switch to E
(see Figure 5). Instrument leakage will be across
the internal resistance standard Rp and will not
introduce any error. Leakage across the unknown
will be nonexistent,

ROUND
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(3) If the unknown resistance is a three-
terminal resistance, connect the third terminal to
the E terminal. Connect the other two terminals
in accordance with (1) or (2) above.

d. Advance the OHMS MULTIPLIER switch to a
setting at which the meter reads upscale. Select
between the 90-ohm and 30-ohm positions of the
function switch for the higher meter deflection.

e. The unknown resistance in ohms is indicated
onthe appropriate OHMS scale of the meter asmul-
tiplied by the OHMS MULTIPLIER. Use theoo to 90
scale if the OHMS switch is at 90 ohms, theoo to 30
gcale if the OHMS switch is at 30 ohms.

f. The voltage across the unknown is from 8.8
to 9.1 volts.

4.5 RESISTANCE MEASUREMENTS WITH EXTER -
NAL D-C SUPPLY.

4.5.1 CONDITIONS OF MEASUREMENT. The ex-

ternal supply must be either batteries or a stabil-
ized line-operated supply. See Figure 6.

|
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Figure 6. Resistance Measurement with External
D-C Supply.

Since the supply is external, the Type 1230-A
Amplifier merely measures the voltagedrop across
the resistance standard R 5.

If the unknown resistance need notbe ground-
ed, the voltage of the external supply is not limited
by the amplifier design. If the unknown must be
grounded, the voltage of the external supply is lim-
ited to the 600-volt rating of C11 (Figure 6), a ca-
pacitor in the instrument. The unknown resistance
must be capable of withstanding the full voltage of

the supply.

The unknown resistance is normally calculat-
ed from the voltage indication of the Type 1230-A
Amplifier. If the external supply is 90 volts, the
OHMS scale (with an additional multiplying factor
of ten) may be used with an acceptable degree of
accuracy.

4.5.2 MEASUREMENT PROCEDURE.

a. Set the OHMS MULTIPLIER switch to zero.
Set the MV -VOLTS-OHMS function switch to 30 MV
to adjust the zero control knobs for meter zero.
Reset the function switch to 10 volts.

b. Set the GROUND switch to R if the unknown
is to be grounded, to E if the unknown is not to be
grounded. In either case, note from Figure 6 that
the external supply will be grounded. If the un-
known resistance is grounded, instrument leakage
from input to ground (about 1014 ohms) will be a-
cross the unknown and therefore may affect the
final reading. The actual leakage value can be de-
termined from a preliminary measurement with
the unknown resistance disconnected.

If the unknown resistance is notto be grounded
(preferable in measurement of small components),
amplifier leakage will be across the internal re-
sistance standard R , and will not introduce an er-
ror. There will be no leakage across the unknown
if due care is taken when connections are made.

c. Connect one end of the unknown resistance
to the high INPUT terminal, and connect the other
endto one terminal of the external d-c supply. Con-
nect the other terminal of the d-c supply (prefer-
ably the positive terminal) to the E terminal of the
amplifier.

d. If the unknown resistance is to be grounded,
connect the junction of the external d-c supply and
the unknown resistance to the R terminal or to the
ground terminal. If the unknown is a three-term-
inal resistance, connect the third terminal to the E
terminal.

e. Advance the OHMS MULTIPLIER switch un-
til the meter reads upscale, reducing the VOLTS
switch setting if necessary. The unknown resist-
ance in ohms is the ratio of the external voltage
Eo to the indicated meter voltage E multiplied by
the OHMS MULTIPLIER setting:

Eo EoRA
Ry =g Ry - Ry = B

Note that E in the equation must be expressed in
volts rather than in millivolts.
f. The voltage across the unknown is:

Exy =E;, - E = E;
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4.6 MEASUREMENT OF CAPACITOR LEAKAGE
RESISTANCE.

4.6.1 Theleakage resistance of a capacitor is meas-
ured in the same manner as any other resistance.
However, because the capacitance introduces atime
factor, there are additional considerations neces-
sary for accurate results.

The resistance-measurementmethod is bas-
ically a current measurement. The voltagedrop in
the resistance standardis a function of the current
in the unknown. Whenthe unknown has capacitance,
the current is at firstchiefly the charging current,
the leakage-current component being negligible.
Eventually, when the capacitor is fully charged,
the only current flowing is that due to leakage re-
sistance. The time required to charge the capa-
citor depends to some extent on the series resist-
ance of the circuit (resistance standard), but to a
much greater extenton the dielectric properties of
the capacitor and the relative magnitude of theleak-

age.

Consider for example, the circuit shown in
Figure 7. The capacitor Cx will have absorbed
about two thirds of its final charge from Eg in a
time determined by the RACx product if there is
no appreciable dielectric polarization. This is
true of air capacitors. For most dielectrics, the
time necessary for the capacitor to absorb the
charge is much greater than the RACx product be-
cause of polarization. Polarization can be due to
dipoles or to internal interfaces of dissimilar di-
electrics. The reorientation of dipoles, especially
large-molecule dipoles, takes time; it also takes
time for free electrons and especially for the slow-
er ions to accumulate at the dielectric interfaces.
Consequently, when a potentialis applied to a capa-
citor, the time required for a complete charge can
be a matter of seconds, hours, or even days, de-
pending on the dielectric and on the leakage,

i I
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Figure 7. Capacitor Leakage - Resistance
Measurement.

AA

TYPE 1230-PI

Figure 8. Type 1230-P1 Component Shield,
- Showing Wiring of Terminals.

To determine the component of current due
to leakage, it is not necessary to wait until the ca-
pacitor is fully charged; it is necessary to wait
only until the meter reading attains a constant value.
The greater the leakage, the sooner the final de-
termination can be made.

4,6.2 When measuring the leakage resistance of a
capacitor (see Figure 7), start with the OHMS MUL-
TIPLIER switch (R,) at zero. With the function
switch at either 30 nﬁv (with an externald-c supply)
or 90 OHMS (internal supply), advance the OHMS
MULTIPLIER switch to obtain a meter reading.
Monitor the meter reading until it has decreased
to a steady value, thatis, until the decreasing charge
currentis small compared with the leakage current.
While the charging current is still appreciable, a
change in the OHMS MULTIPLIER setting will for a
short time (about RACyx seconds) upset the rate at
which the meter reading approaches anequilibrium
value.

If a resistance limit, rather thanthe absolute
value of resistance, is being sought, the meter read-
ingneed be monitored only until it attains thelimit.

4.6.3 Charge currents and discharge currents of
capacitors as well as voltage build-up after short-
circuit can be recorded, providing valuable infor-
mation for the determination of dielectric relaxa-
tion frequencies, very -low - frequency dielectric
constant, and dissipation factor behavior. 1,2

Ipield, Robert F., "The Basis for the Nondestruc-
tive Testing of Insulation", AIEE Transactions,
September, 1941,

2y on Hippel, A., "Dielectric Materials and Appli-
cations", MIT Technology Press and John Wiley Co.,
1954, pages 52-54.



O

O

)

'TYPE 1230.A D-C AMPLIFIER AND ELECTROMETER

= [230-P/

j?’ﬁn Re

1230-4 =

7Figure 9. Setup for Measurement of a Resistor in the Shielded
Compartment, with External Voltage up to 5000 Volts.

4.7 TYPE 1230-P1 COMPONENT SHIELD. This unit

is an extension of the terminal system of the ampli-
fier into a completely shielded, yet readily acces-
sible compartment. The I, R, and E low terminals
are broughtout to facilitate connections to external
power sources. The shield is especially useful in
the measurement of small components (resistors,
capacitors, back resistance of silicon diodes, etc)
at a level above 108 ohms. A shelf is included on
the panel of the unit.
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7Figure 10. Connection for Measuring High
Unknown Voltage.

The wiring of the Type 1230-P1 Component
Shield is shown in Figure 8. The E-LOW and R-
LOW terminals are wired for easy access. The I-
LOW terminal may be connected to the I-BATT
terminal for external access. The I-LOW termin-
al is supplied unwired to permit use of the I-BATT
terminal in those applications where Ry is un-
grounded and external battery voltage exceeds 600
volts. The connections are shown in Figure 9.

4.8 HIGH-VOLTAGE MEASUREMENTS. Voltage

measurements up to the kilovoltrange can be made
with the Type 1230-A Amplifier when an external
resistance standard Ry is used. See Figure 10.

=Rx+RAE
Ra

’ R
Bx 2= R, 2

Thus, when Ry is 1012 ohms and Ry is set to
108 ohms, E will be 3 volts for an Ey of 30 kv. Ex-
ternal resistance standards of adequate accuracy
are available to 1011 at 125 kv, to 1014 at 15 kv.

If the unknown voltage does not exceed 5 kv,
the standard (Ry) can be mounted in the Type 1230-
P1 Shield (HIGH to I-BATT); the unknown voltage
is then connected from the I-BATT terminal to
ground. See Figure 9.
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Section 5
CHECKS AND ADJUSTMENTS

5.1 CHECKING INTERNAL RESISTANCE STAND-
ARDS. When the MV-VOLTS-OHMS switch is set
in the CHECK position, the instrument indicates
the resistance of any higher RESISTANCE MUL-
TIPLIER standard. This indication is given on the
90 OHMS scale. (See Figure 11.) The resistance
of the standard Rp is given in terms of the stand-

ard two steps below it (]%%). The lower-resistance

standards (104 ohms and 105 ohms) are wire-wound
resistors accurate to +0.25 percent. Since the meter
reading is near full scale, the higher standards can
be checked with a considerabledegree of accuracy.
A single measurement is sufficient to determine
the correct value of either the 106-ohm or 107-ohm
standard. Two measurements are required to de-
termine the value of either the 108-ohm or 109-
ohm standard. (For instance, the 109-ohm stand-
ard is measured in terms of the 107-ohm stand-
ard, and the 107-ohm standard is in turn meas-
ured in terms of the 105-ohm standard.) Three
measurements are necessary to determine the
value of either the 1010-ohm or 10ll-ohm stand-
ard. The preliminary zero setting, which is coon
the OHMS scale, should be made with the INPUT
RESISTANCE OR OHMS MULTIPLIER switch setat
105 ohms for greatest accuracy. The GROUND
switch may be set at any of its three positions.
Lock the ZERO (PUSH) in to open the INPUT terminal.

5.2 AUXILIARY ZERO CONTROL. Normally, the
two ZERO controls on the panel of the instrument
are sufficient to obtain a zero setting. However,
if tubes have been changed, or if the instrument
has seen considerable service, the panel ZERO
controls may not be adequate. In such an instance,
the auxiliary zero control (R26, see Figure 13) can
be adjusted to bring zero within the range of the
panel controls. The auxiliary zero control is in-
side the cabinet on the shelf, to theleft of the meter.
This control canbe set by means of a long-handled

10

screw driver, withoutrequiring removal of the cab-
inet.

5.3 INTERNAL VOLTAGE ADJUSTMENT. A highl;
stabilized voltage supply of 9.10 volts is built intc
the instrument for the measurement of unknown re-
sistances. This built-in voltage can be measurec
and adjusted by the following procedure:

a. Set the MV -VOLTS-OHMS switch to 90 OHMS

b. Push in theZERO switch, and connect a high-
resistance voltmeter from the E terminal to the R
terminal. The meter resistance must be greate:
than 2 megohms.

c. If the voltage is not exactly 9.10 volts, set i
to this value by adjustingR33 (see Figure 12), whicl
is located inside the cabinet on the shelf, to the
right of the meter. This control can be adjustec
by means of a long-handled screw driver, withou
requiring removal of the cabinet.

Figure 11. Check on Internal Resistance Standard




