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A current•reguiated power supply has been b~Ut to deliver cu.rre~t. 

continuously variab~e from 0 to 600 ma, into a load of 4000 ohms. The system 

is. stable -to approxi~ately 1 part in 10, 000 over long periods of time. Stability 

has been achieved by usmg a series tube type of regulator with a de ampli!ier 

and a chopper amplifier combined to give both long·t~me and short .. time sta-: 

bUity . 
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I INTR_ODUCTION 

This alpha~pa.rticl-e . spe~trometer ·is ~ _180° magneti-c deflectitig ma~ 
elaine with a 35-cm orbit radius, de~igne4. ~or a max1mum field of· I~., 000 gauss. 

The coil has a total resistance of about 4;, 0~0 obms· and requires a maximum 

c~rrent of 600 ma. The machine may be operated "AJith either a photographic 

plate or a scintillation cotll)ter as the l"eceiver. Photographic expoe~es may 

run more than Z4 hours, and the power supply for the ~agnet must ~ave.a iong · 

. time stability, on the order of one part in 10, 000, to maintain the resolution 

of the system. The magnet' supply h. operated from an ®regulated line. This 

means that the power $Upply should be a:ble to .maintain the magnet current 

within_ the specified. variation~ under long-time line variations. sbort":tir:ne 

pe.riodic line variation.s.. and rapid. transient v-ariations .. 

ln o-rder t~ maint~in a ,Utliform, noise ... free ground for the entire ·systetn, 

the installation .hat; a~ isolated power syst~m. and a singl~ g~ound ~eparate 
from other grounds ~d isolated from .that n().rmally established for the incom

ing powet linea. 

n DESCRIPTION 

The power S\J,ppl_y tor the unit ~On$ists of a btidge-type rectifier and . 

a filter capable of delive-ring 4, 000 v. at 600 ma. The current (I ) tor the mag• , .· . . . . m .. 
riet passes from the positive etid of the· supply through four type 304TH -Vl-V4 

tratlsmitting tube·& i~ parall~l, thro\lgh a Z50-ohrn precision Oil• and water

cooled r~sistor wliieh provides th.e signal voltage to control th.e unit, then . :~ 
passes through the current•mete:rlng B)f&tem to the-magnet and returns to the· 

negative side of th·e povie~ supply. (See: Fig. 1.) The $y,stem ·b grounded at 

-the negative end of the m~ters.in order to keep the l'X?eteri_ng n-ear ground po·~. 
tential, and to keep the C011t'l'Ollirig amplifierS at a low bnpedan.ce to g~o~nd 

. so that there will be ~o spurious st$nale pic:~eq up and transmitted to th~ magnet. 
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The signal from the Z50-ohm resi~tor Rl is applied through a suitable ampli .. 

fier to control the grid pot~ntial of the control tubes Vl-V4 as described below. 

A. l70•volt table refer~nce.voltage is -added' to the signal from Rl,·. 
' . . 

and a potential divid~r. consi~Jting of Rl andRl ts placed across the two of them, 
' 

,, forming a bridge• 1"b.e legs of. the brid$e are .formed by 

. (a) the eignal resistor Rl. 

. ·.(b) _the .l"eference ;;oltage, 
. . 

(c)• IU and the section of R3 between RZ and the tap, . . . · .. 
(d) the section of lU between the tap and llL 

· The pointe bet~een whi~b a null is tobe established are the tap of Rl and the· 

.Juhction betwe~n ltl· and the, reference voltag'e~ 
~~-this null. ia· eata'blished tli~n the .. ·ra.tio of the voltage. across iU to 

the te{et'~~ce voltages is ~qual to the ratio selected cn·tbe potent~~ divider. 

·Tht!s R3 i$ us~ to select the desired magnet current. 
l • • .., 

The er~o.r voltage across· the null points of this bridge is applied tQ 

. two di!f.erent amplifiers, each of which serves a separate £.1nction in controlling 
i ,. • • ' • ~ 

.. the current •. The tirst of these is a conventional de amplifier. The signal is 

applled from_ c~thoqe to grid of the first stage through a l·Jlf capacitot" :and the 

plate of th~ -second ·tube is connected t~ thfl! e0-4tTH·c~;Yttt~~o!\tub~~ through a ·500.~v 
'. . . . "' . 

biasing su'pply. No~mally the c~upling condenser would not be u:secl on .the 

input ~·this amplifi"'r·. b"t since there must be a few volts bias. between the. 
. . . 

. grid and cathode of the first· iube, and as this bias req~rement varies with 

time and temperature·by a· few millivolts, it was found ttecessary to apply~-. 

c~rreeting voltage tQ keep the bridge at an absolute nUll. ·A stabUizing ampli

fier was added to· the circuit to s~pply the necessary difference between the 

operating bias and th.e null tor the 'bridge·. The error voltages are applied to , 
' . . 

a '60-cycle int~_rupter,, and th~ resUlting a.c voltage is amplified. The result .. 

ing 60·cycle ·wave· is syn-chronously rectified and applied as a charging current 

into_ the coupling capacitor C>t the de amplifier. thus supplying the necessary 

. bias and correcting for any vatiations that would alter the null of the system. 

The riet re~ult is that any rapid changes in the system are corrected by the de 
amplifier, and alow .drifts are c.orrected by the stabilizing amplifier. 

n·e magnet was found to be so inductive that it generated verybigh 

voltages upon any change in current, throwing the amplifier out of its range of 

operation and eausing sustained oscillations. It was necessary to introduce a 

feedback voltage from the negative end of the magnet to the amplifier input through 

Cl in order to correct these surges and. prevent oscUlation. 

\ 
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III PLATE SUPPLY 

The rectifier consists of four type 872 mercury vapor tubes connected 

as a bridge rectifier. They are eupplied through adequate fuses- from a 4500 v 

power transformer. The filter is a conventional choke input type with a sub

stantial ~leeder to discharge· the capacitors when the unit is turned off and to 

drop the open-circuit voltage of the supply. 

IV REGU LATINO TUBES . 

The fol!r control tubes are mounted on a separate chassis with a fan 

to keep the tube envelope and connections COC?l. (See "Fig. 3.) This chassis 

_ also contains a current meter and a voltmeter that reads the wltage drop in 

the tubes. .. These meters are used to check the operation of the t~bes so that 
- . 

they do not exceed their rated dissipation. The_necessary supply voltage may 

be computed -from the following figures: 

L ··Voltage drop in the magnet (4000 ohms at 600 ma) 

·z .. __ Voltage drop in the ·sampling ,resistors (Z_SO ohms 

at 600 ma) 

3. Plate supply drop, no load to full ~oad 

4~ Voltage drop in control tubes for adequate control 

at 600 rna 

Total required supply voltage 

Z400 v 

1.50 v 

400 v 

1000 v 

3950 v 

:The· maxi1:uT dissipation of the regulator tubes in running from no 

load to full load ie ~, where Eo is the sllpply voltage and R iS the total ex .. 

ternal resistance, including-the power supply impedanc!. 

· · · Tb.~ maxi~um plate ~Usstpation is then i !9%;0000 = 980 watts. 

-·.The regulator tubes have a rated plate dissipation of 300 watts each 

or a total of lZOO watts.. This leaves a margin of 20o/o for variation in the line 

and for unequal distribution of cu,rrent betwe.en tubes. -

.•• V CONTROL AMPLIFIER 

The control amplifier (the de amplifier described in Section n) is 

designed with a common point to which all the components of the system are 

tied. (See Fi$• 4.) These components are (1) the de amplifier, (Z) the ref-
. . 

erence voltage, (3) the sampling resistor, _(4) the control tubes, (5) the stabil-

i~ing amplifier, all of whicll can be tied to a common eubchassis to eliminate 

. 

' .. 

. ' '~ 
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the introdueti~n o£ spurious signals and to prevent capa~itive fe.ed-back from 

· the various parts of the "Circuit th:rough stray ca.paclties b~tw•en power supplies 

and gro~da. ·.Th~ de amplt!ier· i.e ope·rated from tte own power supply, which 

i8 voltage•regUla.te~ ey the. tubes V2, V.l, V4~ VS, and V6 (Fig .• 4). This sup· 

ply also provides a stable source for til" referen-ce voltage produced across 

'" · V7 and \'8. This reference voltage is very stable .il the (:urrent in the two 
. . 

85A2 voltage regW,ator tubes is kept at a fixed value and the tube.s are ~dequately 

protected from heat and light.· 

. The brid,ge circuit desc:ri'be~ iu Sect~·t1.is shown here by ~e sampling 

resistor c~nected across BPl arid BPZ, the reference 'Voltage, V7 and .vs. and 

the pot~niial divider RS, ~9, Rllt a~d llU. Itesieto:re Rii and &U are the 

coarse. and fine current controls~ .• A voltrnete~ i$ placed ac.rQI!lS the tern'li,.uala 
' . . . - . . ... - -· 

of the. san1pling resistor ·12 so that the current in the reslator may be read .. on 

this panel. This i.s a 15o .. v meter scaled to read 0 to 600 ma. The input to 

the· stabilizing amplifier is made through POl and the output. from the stabilizing 
. • f • -

. amplifier comes in on PG2 and provides a charging ~urrent into the coupling 

capacitor C4 in the manner described i:n Sectio.n. n~ 

Units V9 atid V 10 make up the de amplifier. lt can be eeen £rom the 

voltages indicated ()n Fig. 2 that the plates of VlO .have a possible ~xcursion 

o£ .about 450 v. That is; the voltage cannot go .higher than the plate-supply 

voltage of 600 v or lower than about 60 or 10. volts a:bove its cathode. which 

is 85 volts above the negative end o! .the supply. Smce .this excursion must. 

be applied t.o the grid.s of the 304TH vontrol tube, but ~ust descend froJ;n 0 

volts to above -400 v, it b neces$a1"y to place a: fixed negative voltage between 

the, plate of V 10 and the output to· the control tube grids ( PG3). This i.s don~ 

with an isolated power supply of 500 v, shown acrose C7 .of Fig~ Z. 

VI STABILIZING AMPLIFIER 
' 

- . 

The stabUizing amplifier {Fig. 3) is an ac amplifier for the 6o:cycle 

square wave prC)duced· by a. 60 -cycle Vibrator. Thls signal is ay:n.chronousl y 

~ demodulated and applied to the output terminals. The operation is as follows: 

' 

During the first half of the cycle, the input capacitor Cl is allowed to charge 

to the error signal voltage,. and the outPut capacitor is grounded at one end and 

allowed to charge to the plate voltage o£ V3. During the next hall cycle the 

incoming de signal is grounded so that a. voltage appears at the grid of Vl equal 

to the incoming signal that bas charged Cl and opposite in polarity. At the 
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· s.ame ti~e C8 is deta-ched' ~rorri ground a.o that a vOltage through IUS appears 

. ' ~ 

_ at the outpu.t terminal Pin A of POZ.. . This voltage ls equal to the ch«ll'lge in . 

. ~e inpta.t ~o Vl·m~tiplied 'Qy the gai~of the amplifier-and h of the samepb .. 

· larity as the incoming de .signil .. Thus voltil.ge pulses ofhalf-cyde durati.on . 

and o£ the same eolarity.as the incoming signal are applied to .the output t~r.:. 

· . mtnal t~. charge the co~pling cap:acitor described in Secti,on n. 

VU M~TElUNO 

' ' 

"'... The metering is done· with two shuntS_ in series ;v;itb a direct reacling 

D' Ar·aonval ~ovement. One shunt is used. t~ l'ead the current on -a Rubicon ' . . . - - -. ' ' . . - - . 

potent\otr)eter. and ·the other ta bucketl again$t a I'e£erence voltage and the 

dUference ap.plied to a. 1.0 my ret:9rder ... In .this ma:nn.er the drift can be mon ... 
. . . .. { .. :_ . 

ito;ed·conti.n')ouaiy-._ · · 

. ·. Other meters are proVided in th~ co'ntro1 tube chassis and on the .con

~ol an:iplU'ier a.s previou,sly _de$cribed . 

. ~is- work :was done under the a~splees ·of th~ U. S. Atomic Energy · . 

Cominbision. ~, 

FIGURE CAPTIONS 

:.·\ , Jtig~ · 1. $t.mplified.schema.tic drawing of power sU:pply fol' magnet of the alpha· 

.. 

:·particle spectrometer·.·_ 

F,!g. 2.. · !Ghematic of control amplifier. 

Fig. 3. ~ SchematiC of stabilizing amplifier • 

.. · .. · 
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