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Abstract

During the pest year there have been several changes
in the electronio’circuits vsed with tre Van de Grsaff sccelerator

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

all the circuits now is use,
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Eleotronics of the Van de Grasff

P3=-200 Regulator for leland 400 cycle 110 V, 2 K.V.A. alternator

The motor generator set has e d.c. exciter for the main
alternator field. The control field is excited by about 20 ma derived
from a rectifier tube and controlled by a power triode. The.generstor
output voltege 1s rectified and balanced against a dry battery. The
unbalence. is amplified in & direct coupled amplifiérland drives the
output triode and hence the control field in the directién to compensate
for the original fluctuation, .

In the rectifying procese a frequency sensitive element (0.5
p fd condenser) is incl;ded which compensates for the frequency depend-
ence of the main 10.5, wﬁich is a high voltage trensformer, driving &
rectifier circuit,

B3-201 High voltage supply for electrostatic anelyzer

This is the load’referred to above., Tt consists of a vélfage
doubler circuit, & resistor stack and current limiting devices to the
analyzer plates, The two resistor stacks are made up of precision .
resistors, four, & megohm, wire would and one 700 ohm in series in each
steck. The voltsge across the two 700 olm resistors is taken to a L.
and N. potentiometer and spot-light ralvanometer. This accurate messure-
ment of analyzer voltage pives an accurate measure of the main tank volt-

age. The calibrated relationship from the Lilp,n ) threshold is: tank

voltege in megavolts is equal to potentiometer setting times 2,03,
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P3=-202 - Analyzer regulator

An auxiliary regulafor'f;r the above circuit is a btalanced
phototub; on the spotlizht palvanometer. The phototube drives a direct
coupled amplifier which drives & satursble resctor in the primary of the
high voltege transformer. This circuit obviates eny manual corrections
during the day after the first setting has been.made; and in additien

allows one to change the potentiometer setting slowly and have the

analyzer voltage follow,

P3-203 Znergy control

This e¢ircuit locks at the beam of diatomic ions which comes
through the electrostatic analyzer. If the ion energy is tre correct
velue the beem will be picked up equally on two collecticn plates on
the end of thre analyzer tube, The two rletes are separated vertically
so that an increase in tank voltage and hence in ion energy will cause
the beam to be deflected less by the snalyzer and hit more on the bottom
plate and vice-versa., The two pletes go to grids of a balanced catliode
follower, and through 1CO meg grid resistors Lo a peint about 300 volts
below ground., This insures the loss of all secondary electrons end so
emplifies the signal. Any unbalance in the two cathodes followsrs is
amplified (diract;coupled } andused to drive o gammairon transmitting
tube whrose plate is cdnnected to corona points in the tenk opposite the
high voltape shtell. Controlling the corone current ch;nges the crarge
on the high voltage shell and hence the voltsre and the beam energy, in

the right direotion of course to correot the.original fluctuvation.

¥hile this circuit will compensate small changes, it is not very
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effective in oofrectlng for the larger, slower variations, such as
lins voltage, spray current, etc,, since the rammatron hes a limited
renge of corona current control.

F3-204 Spray current regulator

This eirouit looks at the gammatron grid signal, integrates
the veristions and applies any slow changes from the correct grid bies
to a seturable reactor circuit (F3-205 ) .

The saturable reactor controls the voltage to the kenotron
supply for the belt spray current and so the spray current is continucusly
ad‘usted to keep the average gemmatron grid biss at a fixed levsl,

P3-208 Marnetic analyzer control

The ion beam is magneticelly anelyzed so as to pive pure ion
beams for experimental use. The geometry of the system requires that
the megnetic field be readily variable but remsin constent at any setting
to an accuracy of about one part in ten thousand. As tte magnet has a
larpge air gap\it is reasonable only tc worry abogE keeping the direct
current through the magnet windings constant,

Th;s is accomplished by comparing the voltsge developsd by
the magnet current across a manganim shunt to a reference voltege derived
from » large dry battery. Any unbalence in these two voltages is ampli-
fisd by a zero prase-shift, high gain, direct~-coupled amplifier and
sprlied to the grids of a bank of power triodes in series with the magnet
in such a way &s to compensate the originml fluctustion, The compensation
is not perfect due to tre nature of tre circuvit but can be made less than
‘one part in ten thousend by using sufficient cain in Pho amplifier. The

power for the magnet cirouit %f obteined from a three-phase, full-wave,

X
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- selenium oxide rectifier, delivering 170 volts d.c. at up to three

amperes,

P3=207 Balance indicator

Two collection plates in the terget tube are .sed as a rough
means of setting the magnet current. A balanced cathode follower drives
a penel méter to show whether the magnet current is too high or too low.

P3-208 Sleetrostatic shim

A peir of deflection plates in the target tube is used as a
fine ¢ontrol to'position the beam vertically. "nly a fine control is
néoessary ance the target tube remsins reeascnably horizontal. Tre
applied d.c. voltage is ed’ustable from minus 300 v. to plus 370 volts.

P3-209 Current integrator

: Thovimportant measurément of the mechine is the number of ions

which get into the target. This meésuramont is mede in two ways. A
bettery opersted, sub-miniature tube, cathode follower arivss a parel
rster to read ion team current directly in microsmperes, A current
integrator is used to moasu;e tke total number of ions during a run,
The beam current charges up a condenser, across which is a cathode
follower. The cathode follcwer drives another cathcde follower with a
‘Hestern Electric, sealed mcréury relay in the cathode circuit. At a
definite condenser voltage thes relay is pulled in and its contacts
discharge the condeﬁsef; restarting the cycle aha giving a pulse which
triggers a thyratron end operstes a mechanical regis?er at the rate of
ons count per microcoulomb.,

To take into considerestion the:faci.::tbat. inductance of the

relay coil culises it to vary its opersting point for different rates of

inerease of coil current, a resistor is added in series with the condenser,
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. I
The voltage across the resistor is proportional to the‘beam curf&nt.
The back voltsge of the rélay'is proportionai to the rate of incresase
of relay coil current which is proportiénal to the rate of charging
of the condenser, which is also proporﬁional to the beam current,
Thus for any one relay, a certain value of resistance will completely
compehsate the inductiva,efrept. ,

The integrator calibration is‘flat to one-ralf percent from
0.00Bp.a. to 20u.a. which well covers the present range of the
machine. The cireouit is erranged 8o the grid of the first tube stays
at almost constant potential éo ground end the power supply rides up and
down., This compensates for any small leakag; peths, and Faraday cage
capacitance. Ineluded on the intezrator chassis is & minus 300 volt d. c.
power supply which operates an electron barrier to keep secondary electrons

from escaping and giving inaccurate current measurements,

F3-210. Generating voltmeter

The genersting voltmeter is useful as en indicetor of tank
voltege when the voltage.is off the limits of the energy control cir-
cuit. The output of the penerating voltmeter is approximetely a sixty
cycle triengulsr wavg,the amplitude ke ing dependent on the external
imﬁedahce loading it.,

A cathode follower with a B0 megohm grid resistor gives about
10 velts at 2 megavolts tank voltage. This ig rectified with a Sylvenia
crystal T I 34 and drives e panel meter with a linear scale of‘S megavolts,

P3-211 Protection circuit

With rere guses vsed in the target a protection circuit is

necessary in case of a punotured foil where the beam enters the target.
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Prote&£ion is achieved by using an ion gavge in front of the terget
and an over-pressure relsy (P3-212 ). The relsy operetes‘d bell and
solenoid controlled valve in the target tube to catch the escaping gas.
As e secondary protection, a spark plug driven by e& neon transformer
sticks into the tube 'in front of the target. I the gas pressure rises
due to e leak the spark plug breaks down &and the resultant current
operstes e reles; which operates the solencid and bell. Another relay
prevents eny belt spray current unless the protection circuit is turnea
on. N <

In addition to the above cirouits directly connected with the
operation’ of £he machine there are several built in circuits to be briefly
listed,

‘a) 8 == scales of 64, scalers and discriminstors,.

b} 1 =-- triple coincidénce circuit.

o) 1 =-=- dqublé coincidence circuit.

'd) 1 -- 10 chennel discriminator.
Tre only one of these not adequately covered elsewhere is the double
coincidence oircuit (P3-213 ). This circuit, suggested by Dexter, employs

a8 6 A S 6 pentode with one input to the control zrid and one input to the

. suppressor grid. Resolving time is less than a microsecond.

r3-214 Circuits in high voltage head

Power is supplied to these circuits by a belt driven ssnerator
with outputs of 200 volts d.c., and 130 volts a.c, The d.c. is used for
the ion source arc and the a.c. supplies power vie variarcs for the probe

woltage, ion source filament, and palladjum heaterss
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p3-215 Knudsen gauge telemeter

The Knudsen gauge resding' is a light spot on a trenslucent,
calibrated scele. TFor remote realding » bank of ten, end-on phototubes.
is mounted in place of the scale, TEach phototube drives e cethode-
lfollowor. The butput of the cathode~follower drives a 1/25 watt neon
lamp on or off, according to the'position of the lirht spot. There is

. enough over~lap so that if ths lizrht spot is midway between two photo-
tubes both neon lamps are on. This gives nineteen lamp-on combinations,

or about five percent acourascy of resdding.
N\
\
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