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DECLASSIFIED 

ABSTRtCT 

A circuit and apparatus. for use with a generating 
voltmeter in measuring electric £ields is described. The 
device is s table, nortable, and linear. The m8P,ni~ude ?nd 
direction of electric fields from 50 to 1000 " Ol ts per 
centimeter can be measured. Power i s su£ficient to oper~te 
a recorder. 



I. Introduction 

The generatinP vo tr.later circuit dP.scribed below w:-s developed 
durinF. a nro~rmn of research on the problem of precipit~tjnn-static which 
is encountered on aircraft uno~r certain weather condition~ . 'I'he negree 
to •hich the aircraft becomes char~ed during flight is an essential item 
of data in such research. It is convenient if the anp~ratus for ~easurinp, 

this quantity be portable, self-powered, stable, iine8r, pol~rity 
sens1tiv , and caoable of actuating a recorder. The circuit described 
satisfieo these conditions. 

II. Apparatus 

(A) Circuit - The circuit of the instrUMent is shown in Plate 1. 
It is seen that the device consists of a rotatin~ mechanical system driven 
bv 8 small motor or by the slip-strea~, arxi a two-tube, battery operated, 
re~istance coupled amplifier for raising the power level to a value suffi­
cient to actuate a meter or recorder. A synchronous mechanicol rectifier 
is used. 

(B) "'heorv - qeferring to Plate 1, the rotating sector plates A 
periOdicallv expose the stationary pick-up plate B to the exi5ting electric 
field. During an interval vlhen A is in the nrocess of uncovering TI the 
f eld draws a c~ar~e from the ground (the body of the aircraft) throu~h the 
resistor R. In the absence of the capacitor the signal presented to the 
"id of the first tube would be proportion~l to the instantaneous current 
through R, or to dQ/dt, wher8 g is the chn•~e induced on B. In t~is case 
the ignal would be nroportional to the existjng field, which is the ob­
jective, and al~o to the rate Pt which ft uncovers B. The lntter effect 
i undesirable since the speerl of the rotating plPtes cannot b e con­
TCnicntly held constant. However, if the capacitor C be ~dded, nnd if the 
time constant ~C be 1~rge co~pared with the longest electrical period 
anticipated, an electrical integration is performed on the sj~nal. The 
resulting signal potential is th~n independent of speed . For a selected 
tiJ\e constant ~C the ratio of~ to C should be as small as th~ resulting 
sacrifice in signal size Will permit. In the device here described, R is 
100 megohms, C is .001 microfarads, and RC is .1 second. 

The first tube must have small p,rid current and an input resis­
tance that is large co~pared to the value of R employed. The 1~5-GP is a 
good tube in these respects. It is housed adjacent to plate system, the 
whole being hereafter referred to as the voltmeter "head." 

It is seen that the first tube is self-biased by R1, which is 
not. by-passed. The second -tube, a miniature nower tube, is used as a 
cathode follower, self-biased bv R. The cathode circuit is then com­
pleted to ground through the meter9and synchronous switch S. This switch 
is ca~-operated from the rotating shaf't of the voltmeter head. The action 
is such that the .snitch remains closed during half an electrical cycle. 
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e phasin~ js r:icchanicaJ.ly adjusted for optimum half Wc'!Ve rcct:i fication 
#' the /.C current wave in the J('l4. R11 is a zero control for cancelling 

effect on the rrteter c-f the st~tic ·space current in the 304. 

A voltage of the proper phase for negative feed-back is ob­
t&ined by inserting a8 in the plate circuit of the 304. This volta~e 
i~ fed back through blocking condenser C and resistor R/4, R5, or~ 
to the cathode of the first tube. The d~generation so obtained stabi­
liie5 the circuit perfo.l"""ance with respect to changes in tube cl,arActer­
istics and supply potentials. It also increases the effective grid re-

:,tance arrl signal handling ability of the first tube. 

<;ensitivities of 1000, 500, and 250 volts per centimeter, fu11 
scale, are obtainerl by switching the feed-back resistors R4 , R5, or R6• 
Th se resisters are adjustable for initial calibration purposes. This 
method of changing sensitivitv by altering the amount of negative feed­
'1ack is superior to the ~onventional potential divider gain control in 
t.iat the circuit stability is alvrays the !"'aximum possibJ.e, consistent 
•ith the required amnlification, -vlhereas with the conventional circuit 
the stability remains constant at its least value. 

'l'he circuit is designed to actuate either an internal meter or 
an external F.~terline Angus Graphic recorder. Both instru~ents have a 
cale of . s-0-.5 milliamperes. Resistor R12 should be adjusted to mru<e 

the two meters agree. 

Pressinli!: the "Zero" push-button removes all signals from the 
)1\4> permitting the operator to check the instrument zero nt any time. 

Pressin~ the "Test" push-button places about 67 vol ts on plate 
! in the voltmeter head. '!'his provides a convenient test signal for 
checking the overal 1 performance of the apparatus. 

The 110n-Off" switch breaks all battery circuits, minimizing 
battery deterioration when idle. Batteries are housed in the 6 by 7 
by 12 inch control box, which then weighs 19 pounds. The control box 
is connected to the head by means of a seven wire cable of any reason-
able le01th. 

The control box, recorder , and a motor driven head are sho,m 
1n Plate 2. 

(C) Adju5tment and Calibration - The semi-variable resistor 
Rio should first be set so that the meter can be brought to zero (vdth 
S closed) by means of the "1.cro" control Rn. The proper setting of Rio 
1s at about 4500 ohms. Resistor R12 should be ctnsen so that internal and 
external meters agree. 
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'nle phasinP. js mechanically bdjus ted for ontimu~ h~~f w~ve r ec t i~ication 
f the C currPnt wave :n the 3~4. R11 is a zero control for cance]ling 

the effect on t he meter cf the st;i ic ·space current ln the 304. 

A voltage of the proper pha3e for ne~ative feed-back is ob­
t.Ained by i nser tinP. Rg in the plate circuit of the 304. This vol taf!;e 
i~ fed back t hrough blocking condenser c1 and r esist or R/4, R5, or~ 
to the cathode of the fir st tube. The d~generat ion so obtained stabi­
lizes the circui t per i'o:rm.ance with resoect to chan~es in tube char.\cter­
i~t~cs and supply potent ials . It also incr eases the effective grid re-

stance ard signal handling ability of the £irst tube . 

c,ensitivities of 1000, 500, and 250 volts per centimeter, fuJ l 
seal , are obt ained by switching the feed-back resistors R

4
, a

5
, or R6• 

Th s resist er s are adjustable for init ial calibration purooses. This 
t od of changing sensitivity by alter ing the amount of negative feed­

~ck s super ior to the conventional uotential divider gain control in 
that the circu i t stability is always the riaximum possible, con.,istent 
with the r equi red amolification, Ylher eas wi t h the conventional circuit 
the stabil ity remains constant at its least value . 

The circuit is designed to actuate either an intern~l meter or 
an external ~st e r line Angus Graphic recorder. Both instruments have a 
cale of . 5--0- . 5 milliamper es. Resistor ~12 should be adjusted to make 

the two meter G agr ee. 

Pr essing t he "Zero" push-button removes ~11 signa1 s from the 
3~4, penni t ting the oper ator to check the ins~ru~ent zer o at any time . 

Pressin<"t the "Tes t " push-button places about 67 volts on plate 
! in the voltmeter head. This provides a convenient test signal for 
checking the over all per formance of the appar atus . 

The "On-Off" swit ch breaks all butter y cir cuits , minim:i zing 
batt ry deter ioration when idle. Batteries are housed in the 6 by? 
by 12 inch control box, which then weighs 19 pounds . The control box 
ie coMected to t he head by means of a seven wir e cable of any reason­
able length. 

The control box, r ecor der , and a motor driven head are ~hoTm 
in Plate 2. 

( C) Adjustment and Calibration - The semi- variabl e r esistor 
Rio hould first be set so t r.at t he meter can be br ought to zero (with 
S closed) by meaniiJ of t he "1.cr o" cont rol R11. The proper set tinr, of Rio 
1 nt about 4500 ohms . Resist or R12 should be cmsen s o that internal and 
external meters agree . 

-2-



The Dhasing of the synchronous rectifier S shoulrl next be 
adjusted. T1 s ,~ mo~t conveniently done by connecting an o~cillo~cope 
etween the cathode of the 3"4 and ground. The rotor is run at normal 

sped and an electric field provided either by nuxiliAI'y means or by 
pressin". the "Test" mish-button. '!'he aflR'..ilar position of the cam should 

h n be adjusted so that the commutation transients seen on tho oscillo­
raph lie on the same horizontal level. 

The electric field should then be removed and the instrument 
deliberately unbalanced by turning the "Zero" control. If the positive 
an~ regat ive parts of the resultinp square wave , as seen on the oscillo­
"Cope , are ea11al in length, the cam adjustment is completed. If thoy 
ar not, it indicates that the time of closure of switch S is longer or 
horter than the open time . The position of the stationary switch con­

tact must therefore be altered to make the open and closed times equal . 
Since the above two adjustments interlock somewhat, the whole procedure 
nould be repeated as a check. The prececding scheme of adjustments 

r.ay appear to be involved but it is far more direct and certain than 
atte pting to adjust the phasing and timing for a maxim\llll meter reading 
on a test signal. It should be noted that since the vanes A and E in 
the voltmeter head are double, the cam must be of such shape as tc provide 
two m.itching seouences per mechanical cycle. 

The generating voltmeter is calibrated by placing the he3d in a 
kr:::mn electric field, provided by a high voltage supply and a pair of 
i rg parallel plates . Resistors R4, R , al'ld R6 are then set so that full 
rcale meter readincs are obtained for r1elds of 1000, 500 and 250 volts 
Pr centimeter on ranges l, 2, and 3, resnectively. 

The circuit conc-tants of ?late l 3re correct for the particular 
had used. The important dimensions of this head were: rndius of sector 
P tcs - R.2 cm; angular dimension of sector plBtes • oo:; seoaration 
between plates A and Be 2. ~ mm. 

(D) Perfomance - Full scale sensitivites of 1000, ~00, and 250 
volts per centimeter are provided. The least count on the 2~0 volt~ ?er 
cent·meter range is 10 volts per centimeter per division. 

The zero stability, after a i'ew minutes warm-up, is wi thi.n two 
di visi ans per hour. Zero drift can be corrected at wil 1. 

The linearity is within plus or minus three percent of full 
~cale deflection on 31.l r anges . 

~oth m'lvnitude and sense of t he electric field are indicated. 

ft test signal is provided which can be used at any tine to 
.~ck the overall oooration of t he device. The test deflection adds 
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ol Pbraically to that due to an.v external electric field.. This test 
rtencction is aooroxirnately 14, 28 .:md 56 percent of full scale de­
flection on the 1000, ~00 and 250 volts per centimeter ranges, respec­
t.i velv. 

Tte dependence of sensitivity on rotor speed is negligible until 
the ~Deed is so low that Vibration of the indicator becomes excessive. 

The absolute accuracy of the device vtill depend al~ost solely on the 
care t aken in setting 1;p the pl'lte system used to provtde the k11own 
fiPlds durine calibration. The pl8tes should be senarated by a distance 
at least ten time~ M great as the tl-iickness of the head, arrl each 
➔ -~~sion of earh (souare) plate should be at lea!t ten ti~es as great as 
t~e plate senaration. These conditions are awkward to satisfy. Fortun­
ately, in the inte~ded application, high absolute accuracy is not a 
ressing renuirernent, aJthou~h stability and repeatability must be ~ood. 

The current demand on each 11/.11 dry cell is . 050 amperes, and on 
.t"h "A" battery is 5 nilliamperes. The~e reQuirements are nominal for 

the size of batteries here recom'Tlended. 



nlr.etraica11y to that due to any external electric field. Thi s test 
deflection is aroroxi~ately 14, 28 and 56 percent of full ~cale de­
flection on the 1000, 500 and 250 volts per centimeter ranges, respec­
ti vel v. 

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

The absolute accuracy of the device will depend al~ost solely on the 
car~ taken in setting up the phte system used to provide the kl"lown 
fields during calibration. The plates should be senarated by a distance 
~t least ten times al!! great as the t'1ickness of the head, arrl each 
di"ension of each (s~uare) plRte should be at le~t ten times as great as 
the plate senaration. The:!!e conditions are awkward to satisfy. Fortun­
ately, in the intended application, high absolute accuracy is not a 
Pressing reauirement, aJ.thou~h stability and repeatability must be ~ood. 

The c~rrent demand on each 11P' dry cell is .050 amperes., and on 
each "'P11 battery is 5 milliamperes. The~e reQuirements are nominal for 
the size of batteries here recom-nended. 
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