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: ABSTRACT

A circuit and apparatus for use with a generating
voltmeter in measuring electric fields is described. The
= device is stable, portable, and linear. The magniiude end
i - direction of electric fields from 50 to 1000 volts per
= centimeter can be measured. Power is sufficient to operate
1 a recorder.
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The generatine voltmeter circuit described below wrs developed
L program of research on the problem of precipitation-static which
red on aircraft under certain weather conditions. The degree
dch the aircraft becomes charged during flight is an essential item
ﬂhﬁl in such research, It is convenient if the apparatus for measuring
‘Hia quantity be portable, self-powered, stable, linear, polarity
t&xn, and capable of actuating a recorder. The circuit described
these conditions.

.. .(A) Circuit - The circuit of the instrument is shown in Plate 1.
~Seen that the device consists of a rotating mechanical system driven
S&mall motor or by the slip-stream, and a two-tube, battery operated,

Lance coupled amplifier for raising the power level to a value suffi-
to actuate a meter or recorder. A synchronous mechanical rectifier

; (B) ™eory - Referring to Plate 1, the rotating sector plates 2
dically expose the stationary pick-up plate B to the existing electric
During an interval when A is in the process of uncovering B the
draws a charge from the ground (the body of the aircraft) through the
S3stor R. In the absence of the capacitor the signal presented to the
@ of the first tube would be proportional to the instantaneous current
ough R, or to dq/dt, where q is the cha:ge induced on B, In this case
mal would be proportional to the existing field, which is the ob-
¥e, and also to the rate »t which 2 uncovers BR. The latter effect
i8irable since the speed of the rotating plates cannot be con-
Ay held constant. However, if the capacitor C be added, and if the
eonstant RC be l-rge compared with the longest electrical period
ated, an electrical integration is performed on the signal., The
.?iﬂl signal potential is then independent of speed. For a selected
constant RC the ratioc of R to C should be as small as the resulting
ice in signal size will permit. In the device here described, R is
ohms, C is ,001 microfarads, and RC is .l second.

The first tube must have small grid current and an input resis-
that is large compared to the value of R employed. The 1R5-CGP is a
‘L‘ﬁhﬁ in these respects. It is housed adjacent to plate system, the
& being hereafter referred to as the voltmeter "head."

It is seen that the first tube is self-biased by Ry, which is
by-passed. The second tube, a mindiature vower tube, is used as a
de follower, self-biased by R,. The cathode circuit is then com-
d to ground throush the meter”and synchronous switch S. This switch
S cam-operated from the rotating shaft of the voltmeter head. The action
$ Such that the switch remains closed during half an electrical cycle.




' is mechanically adjusted for ontimum half wave rectification
eurrent wave in the 304. Ryq is a zero control for cancelling
on the meter of the static "space current in the 304.

" A voltage of the proper phase for negative feed-back is ob-

iby inserting Rg in the plate circuit of the 304. This voltace

through blocking condenser C, and resistor R;, Rg, or Rg

ide of the first tube. The dggeneration so obtained stabl-
eircuit performance with respect to changes in tube character-
supply potentials. It also increases the effective grid re-
{d signal handling ability of the first tube.

tivities of 1000, 500, and 250 volts per centimeter, full
obtained by switching the feed-back resistors R,, R4, oOr Bge
tors are adjustable for initial calibration purposes. This

‘changing sensitivity by altering the amount of negative feed-
erior to the conventional potential divider gain control in

Wt stability is always the maximum possible, consistent

sd amplification, whereas with the conventional circuit
[ity remains constant at its least value,
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The circuit is designed to actuate either an internal meter or
Esterline Angus Graphic recorder, Both instruments have a
5-0-,5 milliamperes. Resistor Ry, should be adjusted to make

2ters agree.

 Pressing the "Zero" push-button removes all signals from the
itting the operator to check the instrument zero at any time.

ressina the "Test" push-button places about 67 volts on plate
pltmeter head. This provides a convenient test signal for
e overall performance of the apparatus.

. The "On-Off" switch breaks all battery circuits, minimizing
foration when idle, Batteries are housed in the 6 by 7

ontrol box, which then weighs 19 pounds. The control box
to the head by means of a seven wire cable of any reason-

..-5

The control box, recorder, and a motor driven head are shown

(C) Adjustment and Calibration — The semi-variable resistor
first be set so that the meter can be brought to zero (with

by means of the "Zero" control Ry;. The proper setting of Ryp
4500 ohms. Resistor Rqa should be chosen so that internal and

meters agree,







j The phasing of the synchronous rectifier 8 should next be
Wiusted, This is most conveniently done by connecting an oscilloscope
®en the cathode of the 304 and ground. The rotor is run at normal
#G and an electric field provided either by auxiliary means or by
SSing the "Test" push-button. The angular position of the cam should
N be adjusted so that the commutation transients seen on the oscillo-
®aph lie on the same horizontal level.

e The electric field should then be removed and the instrument
Liberately unbalanced by turning the "Zero" control. If the positive
‘megative parts of the resulting square wave, as seen on the oscillo-
P&, are eaqual in length, the cam adjustment is completed. If they
not, it indicates that the time of closure of switch S is longer or
er than the open time. The position of the stationary switch con-—
must therefore be altered to make the open and closed times equal.
té the above two adjustments interlock somewhat, the whole procedure
Wld be repeated as a check. The preceeding scheme of adjustments
" 8ppear to be involved but it is far more direct and certain than
eémpting to adjust the phasing and timing for a maximum meter reading
@& test signal., It should be noted that sincé the vanes A and E in
8 voltmeter head are double, the cam must be of such shape as te provide
_kj'Bwitching seguences per mechanical cycle.

The generating voltmeter is calibrated by placing the head in a
oWn electric field, provided by a high voltage supply and a pair of
g parallel plates., Resistors R4, Rg, and Ry are then set so that full
2 meter readings are obtained for fgelds of 1000, 500 and 250 volts
centime ter on ranges 1, 2, and 3, respectively.

a The circuit constants of Plate 1 are correct for the particular
8 used. The important dimensions of this head were: radius of sector
88 = 8.2 cm; angular dimension of sector plates = 90%; separation
BN plates A and B = 2.5 mm.

08 (D) Performance - Full scale sensitivites of 1000, 500, and 250
;__tl per centimeter are provided. The least count on the 250 volts per
peentimeter range is 10 volts per centimeter per division.

The zerc stability, after a few minutes warm-up, is within two
8ions per hour, Zero drift can be corrected at will,

The linegrity is within plus or minus three percent of full
2 deflection on all ranges.

Both magnitude and sense of the electric field are indicated.

A test signal is provided which can be used at any time to
the overall operation of the device. The test deflection adds
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aically to that due to any external eleetric field. This test
ection is approximately 14, 28 and 56 percent of full scale de—
etion on the 1000, 500 and 250 volts per centimeter ranges, respec-

. The dependence of sensitivity on rotor speed is negligible until
A u,mmnud is so low that vibration of the indicator becomes excessive,

. The absolute accuracy of the device will depend almost solely on the
‘taken in setting up the plate system used to provide the known

8lds during calibration. The plates should be senarated by a distance
east ten times as great as the thickness of the head, and each

1Sion of each (square) plate should be at least ten times as great as

) Separation. These conditions are awkward to satisfy. Fortun-

s in the intended application, high absclute accuracy is not a

sing requirement, although stability and repeatability must be good.

. The current demand on each "an dry cell is .050 amperes, and on

MR® battery is 5 milliamperes. These requirements are nominal for
Size of batteries here recommended,
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algebraically to that due to any external eleectric field. This test
defl ection is approximately 14, 28 and 56 percent of full scale de-

flection on the 1000, 500 and 250 volts per centimeter ranges, respec-
tively, :

The dependence of sensitivity on rotor speed is negligible until
the speed is so low that vibration of the indicator becomes excessive,

The absolute accuracy of the device will depend almost solely on the
eare taken in setting up the plate system used to provide the known
fields during calibration. The plates should be senarated by a distance
8t least ten times as great as the thickness of the head, and each
dimension of each (square) plate should be at least ten times as great as
the plate separation. These conditions are awkward to gatisfy. Fortun-
ately, in the intended application, high absolute accuracy is not a
pressing requirement, although stability and repeatability must be good.

The current demand on each "A" dry cell is .050 amperes, and on
each "B" battery is 5 milliamperes. These requirements are nominal for
the size of batteries here recommended,
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