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Abstract

Ouring tke past yecirthere have been severnl

in the electroriio’circl~itsused with tk.e~Jande Grsaff
b

changes

8ccetler~tor

(short tank). The purpose of this report is to gather together

all the circcita now is use.
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EQeotronica of the Van de Graaff—-

P3-200 Re~ulator for bland 400 CYCIQ 110 ‘f.

UNCIASSIFIEi ‘ ,

2 K.’ir.A. alternator

The motor generator set haq a d.c. exaiter for the main

alternator field. The control field is excited by about 20 ma derived
.

from a reatifier tube and controlled by a powor triode. The.generntor

output voltage is rectffied and balanced against a dry battery. The

unbalance, is amplified in a direct coupled amplifier and drives the

output tr~ode and henoe the control field in the direction to compensate

for the origitielfluctuation.

In the rectifyin~ process a frequency sensitive element (0.5

p fd condenser) is included whioh compensates for the frequency deper.d-
,,

enoe of the main load, which is a hish voltego transformer, driving a

reatifier cirouit.

F3-2@l High voltage supply for eleotrostntic analyzer
+ ..

This is the load’referred to above.

doubler circuit, a resistor stack ●nd current

analyzer plates. The two resistor stacks are

resistors, four, 5 megohm, wire would end one

Tt consists of a voli8ge

limiting deviues to tha

made up of precision

700 ohm in series in each

stack. The voltege across the two 7@G ohm resistors is taken to a L.

and M. potentiometer and spot-light Calvanomei;er. This accurate measure-
,

ment of analyzer voltage ~ives nn accurate me~]sure of the main tank volt-

age. The calibrated relationship from the Li(p,n) threshold is: tnnk

voltage in megavolts is equal to potentiometer setting times 2.&5.
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P3-202 ‘ Analyzer regulator
.*

.Lnauxiligry regulator for the above cirouit is a Lalanced

phototube on the spotli~ht ~alvanometer. The phototube drives a direct

coupled amplifier which drives a satureble reactor ~n the primary of thie

high voltage transformer. This circuit obviates my manual corrections

durin~ t,heday after the first setting has been ‘mmde; and in additien

allows one to ckan~e the potentiometer setting slowly and have the

analyzer ~olt8ge follow.

?3-203 ?ner~ - corif.rol

This circuit looks at the beam of diatonic ions whioh comes

throu~h the electrostatic analyzer. If tb.eion energy is ti-.ecorrect

value the beam will be picked up equally on two collection plates on

the end of tk.eanalyzer tube. The two p18tes are separated vertically

so that an increase in tank v=tage aridhence in ion energy will cause

the beam to be deflected less by tt~eanalyzer and hit more on the bottom

plate and vice-versa. The two plates go to grids of a balanced r.atliode

follower, and through lCO meg ~rid resistors to a pcint about 300 volts

below qround. This insures the loss of all secondary electrc)ns end so

amp3ifies the si~nal. AIIy un~alance in the *O aath~es f~llow~r~ is

amplified (direct-coupled ) andus~d to drive a gamr,atron transmitting

tube w?.ose pl~te is c;nnected to oorona points in the tank oppesite the

hit,hvoltnte shell. Controlling the coroge current changes the charge

on the high roltage shell and hence the volt~~e and t}e beam energy, in

the right direotion of course to Correot tho,ori;inel fluctuation.

While this circuit will compensate small chan~es, it is not tory
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ffective in correcting for the larger, slower variations, such as

line voltage, spray current, etc. , since the pa.rwatron has a limited
.

rmge of corona ourrent control.

F3-2G4 Spray current regulator

Thi8 cirauit looks at the gammatron grid signal, integrates

the variations and applies any slow changes from the correct Lrid biees

to a saturable reactor c:rcuit (F3-2,05).

The saturable reactor co~trols tt.evoltage to the kenotron

4

supply for the belt eproy current and SCI the spray c~urrent is continuously

ad;uated t.okeep the aver~ge Cammatron ~,ridbins at a fixed level.

P3-206

beams for

h!a~netio analyzer control
,

The ion beam is magnetically anelyzed so as to <ive pure ion

experimental Jse. The geoxietry of the system requires that

the magnetic field be readily variable but remin cormtent at any setting

to an accuracy of about one part in ten thousand. As t~.emagnet has a

large air gap it is reasonable only tc worry about keeping the direct
\ .

current through the magnet IAvindingsconstant.
.

This is accomplished by comparing the voltage developed by

the tiagnetcurrent across a manganim sk~untto a reference voltage derived

from p large dry battery. Any. unbalence in these two volt8ges is amFli-

fied by a zero phase-shift, high Cain, direct-coupled amplifier and

applied to tkLe grids of a bank of power triodos in series’with the nagnet

b in 61iah a way a8 tO 00inpenSate kh @ri~in81 f’lUCtU&?kiOI?. The compensatiori

is not perfect due to tke nature of tk.ecircuit but can be made less than

.. ..
one part in ten thousnnd by usin~ sufficient gain in the amplifier. ?he

.

power for the magnet cirouik it obtained from n thr8e-phaS0, full_wave,

I
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selenium oxide rectifier, delivering 170 volts d.c. at up to three
!

amperes.

P3-207 i3alance indioator
.

Two collection plates in the target tube are ,~aedas a rough

means of setting the magnet current. A balanced cathode follower drives

a panel meter to show whether the magnet current is too high or too low.

P3-2@ %Ieetrostatic shim

A pair of deflection plates in tk,etarget tube is used a8 a

fine control to-position the beam vertioall.y. ?nly s fine control i8
neoessary sjnce the tsrget tube remeins reasonably horizontal. !’F.e

applied do. voltage is ed~ustable from minus 300 v. to plus 3C0 volts.

P3-209 Current i~te~rator

The importent measurement of the machine is the number of ions

which get into the target. This measurement is made in two ways. A

bettery opereted, sub-miniature tub., cathode follower drives a panel

inter to read’ ion bear, current direotly, in micro%mpereu. A current

integrator is used to measqre the total nlxnber of ions durjng a run.

The beam current ehnrges up a condenser, across wh.ioh is a cathode

follower. The cathode follcwer drives another cathcde follower with a
,

. ‘Ne8tern Electria, sealed mercury relay ‘inthe cathode circuit. At a

de-finite condenser voltage the relay in pulled h and its contacts

diaoharge the condenser, reaterting thq oyale aid giving a pulse whiah

triggers a t~lyratron and operstes a mechanical register at the rate of
“

one uount per m.ioroooul”omb.

To take into oonsideretion tkeffactthat.inductance of the

relay coil c@iBes it to vary i.tuopereting point for different rates of

,

.

... ..

inorease gf coil current, a resistor is added i~ series with the oondenserh

.
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TM voltage across the resistor is proportional to the beam ourrent.
i

The ba~k voltage of the relay ’is proportional to the rate of increase

of relay ooil current whioh is proportional to the rate of oharging

# the condenser, whioh is also propor~ional to the beam current.

Thus for any one rel~y, a certain value of robistance will completely

competisate the inductim. effeot. +.

The integrator calibration .is.flat to one-half percent from

0.006p.a. to 2@.a. which well covers the present range of tlm ..

❑ac~line. The ciruuit is arranged so the grid of the first tube stays

at almost conehant potential to &round end the pawer supply rides up and
1

down. This compensates for any small leakage paths, and Faraday cage

capacitance. Included on the integrator ohassis. is a minus 300 volt d. c.

power supply which operates an electron barrier to keep secondary electrons

from escaping and giving inaccurate current measurements.

E3-210 . Generating voltmeter

The generating voltmeter is useful as an indicator of tank

voltage when the voltage. is off the limits of tkleenergy control cir-

cuit. The output of the generating voltmeter is a~proxirrately a sixty

cycle triangular wnv,the amplitude Im:n,g depndent on the external

Impedance loading it.

cat@3e follcwer with a 50 me~ohm grid resistor gives about

2 megevolta tank volta~e. This i8 rectified with a Sylvania

34 and drives a panel meter with a linear scsle of 3 mgevolts.

P3-211 Protection circuit

Nith rere gxdec used in the target a protection circuit is

necessary in case of a punotured foil where the beam enters the target.
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Protection is achieved by vsing an ion gauge in front of the target

and an over-preesure relay (P3-212 ) . The rel~y operf?tes; bell and

solenoid controlled VRlve in the target t’ibeto catch the e8caping ga8.

An a 8eoondary protection, a spark plug driven by a neon transfornnr

sticks into the tube “in front of the target. If the gas pres8ure rises

due to a leak the spark plug breaks down and the resultant current

operotes Q rela; which operktes the solen~id and bell. @other relay

prevents any belt spray aurrent unless the protection circuit is turned
—

on. .1

In addition to the above cirouits directly connected with the

operation’o~ t;.emaohine thdra are several twilt io circuits to be briefly

listed.

a) B -- 8cale of’64, scalers and discriminetorae

b! 1 -- triple coincidence aircuit.

0) I -- double ooincidenae circuft.

d) 1 -- 10 channel diacrimjn~tor.

—
The only one of these not adpquntely oovered elsewhere is the double

coincidence oircuit (P3-213 ). ‘Thi8 circuit, sugge6ted by Dexter, employs

a 6 A S 6 pentode with one “input to the control grid and one input to the

suppre8aor grid. Resolving time is less than a microsecond.

F3-214 Circuits in high voltage head

Power is supplied to these cirouits by a belt driven $enerator.,

with outputs of 200 volt8 d.c. and 130 volt8 a.c. The d.c. is used for

the ion 8ource arc and the a.c. 8upplies power via variarcs for the probe

voltRge, ion source i’izament; and palladAum heaters~

.,
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P3-215 Knudsen gauge telemeter

TuneKnudsen gauge reading’ is a light spot on a trer.sl~lcent,

calibrated scele. ‘Forremote rending R ban’< of ten, ~nd-on phototubek.

ie mounted in plnce of the scale. lIaohphototube drives e ca~hode-

follower. The output of the cathode-follower drives a 1/25 watt neon

lemp on or off, according to the position of’the li~ht spot. There is

, enou~h over-lap so thqk if the li~ht spot. is midway between two photo-

tubes both neon lamps are on; This gives ‘njneteen lamp-on combinations,

or abouk five percent acouraay of redding.
\

\

I
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