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ABSTRACT

An electrometer was developed to measure

the amplitude of low frequency modulations

of small direct current signals. The accu-

racy of the measured AC/DC ratio is * 2

for modulation frequenciles less than 1/4

cps and amplitudes greater than 0.3% of the
5igna1 The full-scale DC range is from

to 10-5 ampere.

External Distribution according to
TID-4500, (8th edition).
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DIFFERENTIAL ELECTROMETER

INTRODUCTION

J. M. Harrer et algl), at Argonne National Labora-
tory, developed a method for determining the transfer
functions of a nuclear reactor. They osclllated a neutron
absorber and measured the amplitude of the power level
changes with an ion chamber and a differential electrometer
circuit,

Similar measurements were performed at the Savannah
River Plant by oscillating control rods. The method required
that reactor perturbations be kept small, and therefore the
amplitude of the lon chamber current oscillations was small.
Since there were no commercially available instruments which
could measure the amplitude to the desired accuracy, a
special electrometer was requlred.

SUMMARY

A differential electrometer was developed that may
be used to record the amplitude of power level oscillatlons
of a nuclear reactor by measuring the modulated output
current of an ion chamber. The accuracy of the measured
AC/DC ratlo is *t 2% for modulation frequencies less than 1/4
eps and amplitudes greater than 0.2% of the DC signal. The
full-scale DC range 1s from 10-9 to 10-5 ampere, On the
lowest range a total input capacitance smaller than 20 puf
is reguired to prevent attenuatlon of a 1/8 cps modulating
signal.

The electrometer performance 1s satisfactory, and
no further development work is planned.
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DISCUSSION

Oscillations in plle power, produced by oscillating
the control rods, resulted in an ion chamber current whose
AC component had a triangular wave form with an eight-second
period. The peak-to-peak amplitude was 0.3% to 3% of the DC
component.

The differential electrometer, which was bullt to
measure currents of this nature, operates in the following
manner, The input current develops a voltage across a ref-
erence reslistor, and this voltage 1is amplified with a DC
amplifler. A bucking voltage 1s applied to the amplifier
output to cancel the DC component of the amplifiled signal,
The remaining signal, which follows the osclillations, is
accurately readable. Use of a regulated power supply and
stable circuit components prevents the drift of this signal
from exceeding five per cent of full-scale per minute. Any
error which the drift inftroduces 1z easily averaged out.

BASIC CIRCUIT

A block diagram of the electrometer is shown in
Figure 1. The input current flows through the reference
resistor R, and the voltage developed across it 1s amplifiled
by a three-stage ?C amplifier, patterned after a circuit
desligned at ORNL 2). The amplifier thus develops an output
voltage proportional to the icon chamber current. When the
double-pole, double-throw switch is in position "A", the
amplifier output sends a current through the microammeter,
This current is limited by the resistor Rp, and its magni-
tude is proporticnal to the power level of the pile,

When the switch 1s thrown %o position "B", one of
its poles inserts a limiting resistor of lower value, Rp, in-
to the meter circuit to i1lncrease the meter's sensitivity.

The other vole applies a bucking voltage to the amplifier
output which is of the proper value to keep the meter on
scale. The meter then "sees'" and follows only the alter-
nating component of the amplifier ocutput. The net travel of
the meter needle is proportional to this component, and thus
to the peak-to-peak ampllitude of the power level oscillations.
The ratioc of the limiting resistors R, and Ry i1s known, and
the ratio between the power oscillations and total power
level can be calculated.

A gtrip chart recorder is connected in geries with
the meter for greater accuracy in the measurements. The pen-
speed of the recorder determines the minimum period at which
accurate data are obtainable, On a recorder requiring one
second for fthe pen fo travel across the chart, the minimum
readable period is in the order of four seconds.
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The schematic wiring diagram ol the electrometer
is shown 1n Flgure 2, A photograph of the electrometer is
given in Figure 3, which shows both electrometer panel and
the recorder.

Two features of the wiring diagram deserve sgpecial
mention: (1) The meter circuit switch $3, which was repre-
sented by the double-pole, dcuble-throw switch in Figure 1,
actually has five positions as shown in Figure 2. The
successive posltions increase the meter sensitlivity in
alternate steps of 3 and 3-1/3 and allow coverage of all
modulations which are greater than 0.3% of the base current.
(2) The potentilometer on the V2 cathode (R7T in Figure 2)
is a dual-purpose contrel. It is used as a zero control,
and also as a vernier adjustment to keep the meter and re-
corder on scale while the steady-state current is being
bucked out. '

The electrometer does not operate satisfactorily
at input currents less than 107~ ampere. The threshold is
limited by the input capacitance which shunts the reference
resistor of the electrometer and lowers the overall input
impedance, f a 10-9-ampere DC current is to be measured,
the 5,1 x 10°-ohm reference registor should be used. If the
shunting input capacitance is 20 micro-microfarads, the corre-
sponding impedance at 1/8 eps 1s 6 x 1010 ohms. This value,
in conjunction with lower impedances for the higher harmonics
present in the triangular-shaped wave, 1is sufficient to
attenuate and distort the signal.

ALTERNATE CIRCUIT

Another differential electrometer circuit was also
built and tested. An ion chamber and its power supply were
connected to form two legs of a bridge circuilt, while the
other two legs were formed by a second power supply and a
resistor. A Beckman Model V micro-microammeter was placed
across these legs so as tTo measure the difference in current
between them., A Plock dilagram of this c¢ircuit 1s shown in
Figure 4,

This circult as bullt did not correctly indicate
the peak-to-peak amplitude of the modulating signal at 1/8-
cps frequency. The meter circuit of the Beckman micro-
micrcammeter had a time constant too great to follow this
sighal accurately. (Reference may be made to the Beckman
Bulletin 271-B for the wirlng diagram of the micro-
mlcroammeter).

A change of the Beckman clrcult to eliminate the
5000 microfarad condenser across 1lts feedback resistor net-
work should overcome the time constant difficulty. The
resulting electrometer would probably work satisfactorlly
with input capacitances about 1000 times larger, or voltages
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1000 times smaller, than can be tolerated with the present
instrument, because the feedback circuit built into the
Beckman micro-microammeter degeneratively lowers 1ts input
impedance, Thus a superior Instrument might result from
development of this alternate circuit.

2 C, Loppg oy

A, C. Lapsley/’
Instrument Developrment Divislon
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FIGURE 2a
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DIFFERENTIAL ELECTROMETER PANEL

FIGURE 3 DPF - 95
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BIOCK DIAGRAM

FIGURE 4
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