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CHAPTER X
INTRODUCTION

The opsration of Geiger=dfueller tuhes requires
DsCe voltages ranging up to two kilo-volts and currents
of the order of & fev Mmmyired nmicro-snperes, Ihere are
tvo typer of voltege supplies which can be used for
fionishing these high D.C. WVOltages.

In the eonven¥lonal high=voltage supply, the ocute
‘put voltage 1s obtained by rectifying and filtering the
high &,C. voltege obtained from sn iron core step-wp
transforzier opersting from the sixty cycle pover linme,
Problens encountered in obtaining good insulstion make
it difficuit to construct a small sixty cycle trens-
forner for high voltagoes, Practical traunsfosmers there-
fore are cutersore and heavy and aPe gapsile of fupw
nishing aurrents sach lerger than those usually required,

A highesvoltege sunply in wvhieh the imput pover
is zonerated by a veounm tudbe osdlllator operating at
a3 relatively high frequency hag proved to dbe & practical
source of D,C, voltages, providifis the a:wrrent require-
ments sre not %00 high, This sort of supply, known as

& rodio-irequency susply, Las the following adventeres:



(1) 1t 1s compact, requiring only two tubesj (2) the

use of high freguenay pernits & lower tranzformer induos
tion and theredby simplifies transforrmer canstructiony

(3) the rilter circuit is very simple and requires

parts vhich sre small an® inexpensive; (4) low enhergy
storego in the umaell f1lter capaeitors reduces the dange?
of a lethe) shocks (5) the sutput voltage is couveniently
veried by verying the screan voltage of the oscillator
tube; (6) the overall cost 1z gubstantially lower than
that of sixty oyvle supplies,

An agecount of the theory anc design of radio-
frequency hiph-voltuge sudplies for use in talevision
receivers and sinilar applications hes heen covarsd in
the litercture end eloewhere, 2 Since this laboratory
ned had no previeus experience with this type of sply,
it seened desirable to undertake the devellpmemt of a
noéal capable of firnishing up to two kilo-volts for
use in ccaneation with Ceiger~lfusller tube operstion,
Thls wvas 4cne, and this thesis is concerned with the
resulting supply and its operating characteristies,

1s O He Shade, 'R‘F‘ Opereted Ve Sup
Cathode~Ray Tubes,"

“P%‘: ” g--.as, Eleotronies, 1st ede,



CHAPTER II
THE RADIO-FREQUENCY SUPPLY
The 0Oscilleter

The oscillstor circuit employed in the radio-
frequency voltege stoply is indigsted in Figure I,
The plate of the 65J7 ogcillator tube 13 comnected
directly ecross the tank circuit while the rPid is
inductively ocoupled %o it in oprosite plase, The tenk
ciroult is composed of the prim:¥y winding of the trans-
foruier, a fixed nica condenser, and a varieble air
capacitor all of which are connected in parellel,
Energy 13 stored in thig resonant circult and losses
are roplenighed ty the-pulsating plate current, A
001l loosely ¢o.pled ¥ this Cank ciyrculit provices the
voltage to drive the grid in the required mamer. A
radio-~frequandgy choke asllevs the D.Cs plate voltage to
reach the plate of the oscillator while preventing the
redio-Irequency fron reeching the. D,C. plate voltage
source. Ti:e blocking condenser blooks off the Dy C,
»late voltage from the tenk clrcuit while by-passing
radio=fyrequency cocoponents of the plate ewrrent,

The osclliatar makes use of the canventional
autonmatic srmlitide eontrol known as tha g'ié lesk
and confenser oombinntion, This combinction zives 8
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erid bias whieh is proportiocnal to the amplitude of
oscillation. When the oircuit ia first toned on, the
emplitude 13 very low, Thus the dlas 1s low, xaking

the plate current and hence the ssplification lerge,

Any mmall transient voltage or thermel sgiteticn ot

the frequency of the resonant circult ean start the
ailding up of ogseillations, As the amplitude inareases,
the bias incretses, and the emplification 1s rediced until
an equilihrium gondition is reaschad, 3Jince the grid
Tesistor By 18 of fairly high velus (20,000 ohms) the
oondenser Og charces nearly to the peek voltage across
the (ri¢ coll,. The 14 bias therefors is almost equal
% the peek g£ric :wing, This mesns that the grid 1is
driven past cutoff for rost of the cyele causing the
plete cwrrent to flow in ghort pulses as vith a class

C ceplifiere This nonsinmugoidenl plate cwrrent may causa
the plate voltage to de slightly nonsinuscidol} however,
the fect thet the plete clrocult is tuned temds to keep
the plate voltage sinusoidal, Figure II chows &n osoilw
loprsm pleture of the elternating plate waltage,

Coil Design

The all arouni perfofmanca ©f 2 radio-{recuency
voltage stwpply hinges on the design of the transformer
¢741; The nhysieal size of the coll ahduld be aa lerge
a8 space permitg, since a large coll, as compared to a
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Figure II, Oscillogram Picture of A.C. Tank Voltage



suall oofl, has a higher ¢, requires fewer taxrns to
obtein & given inductence, end permits the use of lirger
vire diameter, It is especinlly desiraile to use litz
vire in the construction of air cored coils for rescnont
oircuits viere the frequency does not sxceed one thousand
kileeyclec per second. Litz wire sonsists of several
strands of smnll insulated wire which are thoroughly
interwvoven and oeonnected in parsallel ¢t their ends., At
frequencioes highes thm one thoussnd kiloeycles per
secand, the bemefits of litz vire Send %o decrecse
decause of capacitance between the ctrunds, High fre-
quangy operation requires amall strand dlameter 50 as

to inareaze the over:zll surface asree of the wire and
thus reduce skin effect,

The optimun freguendy for the rescmant circuit
of a ralis<froguency veltage supply is spparently do-
termined by prodlems ememtered in transformey oon-
struction, At low frequengies, the limiting factor
is the prodien of insulntiony at high frequencies,
the coill resistance due to eddy cdwrents and ekin
effect decones predceinant, .

The trensforme® is ¢ssentieslly two eoupled resonant
eircuits, both af vhich must rescnate at the same fre-
guency to give ainfimm load on the osefllator, The
secandary high-voltage winding is tuned hy the dlstri-
uted oapacitance o the winding, oupacitieuce 97 e



rectifier tude, and stray viring eapacitance; hence,
it has a netursl resonant frequency. At trhis frecuensy,
the self capacitanoce and the eoil inductance are in
parallel resonsnce.s 7The tank circuit is tuned to this
se izl resonent frequency of the secondary winding by
pdjusting the wvarisble air eapacitors

Far this supply, it was decided to follov a transe
forper design suggested dy V. Co Elmare.3 This design
wes appsrontly arrived at privarily by the cut and try
nmethod and ray not represent an optimum desirns ZThe
oylindricel coil form shown in Figure III was Curned
froc a solid ons ingh rod of polystyrene, thiz material
Yeing chosen for its low loss qualities, The various
seetions of the transfarner were universsl wound using
11tz vire,.a universal vinding being one in which the
vire in adjecent layers touches only at points vhere tie
vires cross, This mode of winding not only reduces the
capaneitance staumting the socnndery eoil but vlso mekes
the v.rious sections self supporting. The secondary
00il wvas divided into three bpnké in order to reduce
the potentisl difference bdetveen layers. Each litrer
contained approxizately ten turns. 7The tanks were
pleoced relatively close togetha® so that the potential
gradient between denks should be the sane as thot inside

3¢ dbides pe 369,



the vingdings, Polystyrene in solution wes applied to
the viro ss 1t wvas fed into the co0il vwintw. Vhen dry,
the herd coating formed by the polystyrene served €0 proe-
tect the fine vire, make the benits mare rigid, and re-
duee losses due to adsorption of moisture.

Since a redio-frequengy supply of this type oper-
ates at high voltages, dus regard ahould de paid to corons
vhich starts at stout 1,250 volts, ARy point at this
high a potential ¢an ionize the surrounding eir and
preduce & corona effect which results in pover losc,.

When soldaring the high potmuni ends of the transforver
wiodings to the texrminsl strip, care was talien so fhat
no sharp ends of the fine wire were left protruding,

Reetifier Cireuit

The rectifier tube used is the type 8016 half wave
vseux: rectifier, which wae developed by R,C.hAs espsoially
for use in radio-fTequendy voltage suppliess The 68016
tube has a directly hected cethods whigh reguires only
ong quarFter watt of pouwer and timg permits the use of
radio=frequengy in heating the fllameunt, A fev turns
of wire coupled with the oscillatsor transfarmer provides
& unigue neans of obtaining the necessary filazemt voltepge,
Bufrficient insulation for the high potertial 4ifference
between the filsment winding and the gecandsry wvinding
of the tranasformer is obteined by specing the o Windings
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sy 7 Dr.l and tap for 8-52 screw
@ /
T e Brass bushing
£ oo /-Tlrminal strip

Le
Ground
LI
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s
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1
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Orill and dp for 8-32 screw

Coit Ferm: Polystyrene tubing Y8 ineh oulside diamater.

Li is 1TO turas of 10-41 Litz.

ta is 700 turns per bank of 3- 4) Lite

Ls is 150 turns of 3-4) 1Litz .

L., L8, Ls are universal wound .- Width of each pie is e inch.
Com throw of winder is Mg imch.

Gear ratio 1y . COAm rewelutions - X
form révolutlions %

Lo is 3/ turns of no. 1B stranded wire wound
dasclose to L. as possible. The terminals
ot Ly are B8-32 screaws with tugs fosterned
directly to the ceil form.

FIGURE IT. TRANSFORMER COIL
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s Boderate distance spsrt. The filament voltage required
for the 8016 tube is 1,29 wolts, The following procedure
vas used to obtain this woltage fram the trinsfarmer:

The filerment wes first comnected to a2 D.Cs supply of
1,25 volts end its colar toperature checked visuclly

by observing the incendeccent filsment in a small mirror
placed benenth the tubes The filement was then conneoted
to a fav turns of mmber eirtteen stranded wire wound
eround the upper pert of the coil forr and the mmber

of turns sdjuste’ until the colar temperature of the
filament natehed tiat produced by tho 1,25 DyCe voltsge
aupply, Vhen pdjusting the radio-frequency filanent
voltige in this manney, great care was taken so that the
filanent tenperaturas wcs not allowed te reach n tempers-
ture hirker then trat csused by operation st a DeCe
voltage of 1.5 wolts. Righer Canperatures are certsin

to eause the filament to be pirmanently npaim."’
Extrese caution was taken to prevent coming in condect
vith the filament voltage of thie rectifier tube, since
this point in the eircuit 18 at Alghest DiCs potentirl
with reaspeet to the chassis, .

Fllter Circuit

Smoothing the 'rectifilf. LeCe WBltege 15 gcecome
nlighed hw use of 2 condenner imput £ilter in wvhieh

x

Mﬁ.& Recelving ITube Mepupl, Tecinical Series

RO 15
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the usual sories inductance has deon repleced by g series
resistences %This errangenent is videly used in Stuned
radio-Irequend; amplifiers and has the advantsge that
£ resistance is nueh less expsngive than en inductonce
capadle of produsing correspondinc results, Its dis-
sdventage is that a voltage drop cceurs in the resistance
end thus linits this type of fllter to cases whare the
current requirerents are small enough to parmit such e
voltage ¢rop,

fince the frequensy 1s high, the value of the
shunting condensers can be zade quite emnll, The smallness
of the filter capeacivors ic one of the many attractive
featurez of a redic-frécuendy voltsge supply. Fram

the relstion
z‘ = %

it i¢ seen thut a capacitance of 0,003 ~£ at 160 kilo-
cycles per second has a resctance of 331 oimss A Gd=
puocitance of 8 uf vordé be required %o give the saxe
resctance at 60 oyales per ssoond, It is seen that a
very efficient filter circuit for a radio~frequency
supply can be construoted froo small and ine:pensive
parts,

Construction

Figure iV shows the wiring disgram followed in the
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construction of the radio-frequengy voltape mpply.s

A sooewtet wrusuel type of construction was used, sinoce
it was desired to have a oampletely shieldsd wmit with
short leads, %The tube sockets vere mounted on spacers
five eighths of an inch high so that all coansctions
eould Ve muds ahove the chassis, The froat snd beck
panels were bolted to the chaesis, aad a petel shield
cover vith ventileting louvres wms mede to rfit over the
top thereby shieldinr sll sideses Shieldins wvas necessary
20 prevent posaible interfercnce vith radio and tele-
vielon equipment, At lesst cne coil rodius was alloweé
between the transformer end th:e metal ahield box in
order to prevent the abserption of powers 4n octal tube
socet vas mounted at the center of thy teghk %m )
facilitate making externsl commections, nﬂ \WMﬂm
of the shield box are five and one half ineches by five
inghes by six fnahes,

A micro-ameter with full scale defleation of 150
nicro-anperes was mounted in the top of the shield cover
and uged as the output voltaije metere This was ooonected
in saries vit: a thirteen and ame third megold resistance
to give a full scele defleotion of 2,000 volts. The
leads uged to comnoct the xeter were nade long enough to
parmit the ramovel of the cover.

S¢ klmore and Sands, Ops @dSa, Pe 367
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c.I' n-“' ﬂ‘ P
Ce « 140 . mt Simgle gang variable condenser
Cs = 0002 ot

Cao» 0002 A

Cs = 003 at /
Ce = 005 mt -
Cy = 0003 ut 25 KV _ ’
Co : 0003 ad 285 KV %

L, £ 170 turns of 10-41 Litz

Le & 2100turns o% 5-4; Litz

LS TISO turns of 3-41 L(Lits

Le = 3% turns ot no. 18 stranded wire

Ls « S Mi R-F Choke

Ry 3 20 Kilohm , | watt

Re = 100 Kilohm , " | watd

Ry * 184 ﬂc,ohm

M * Microammaeter , 150 microamperes full scale

FIGURE I¥ . CIRCUIT DIAGRAM FOR RADIO
FREQUENCY VOLTAGE SUPPLY



JFigure V.
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Radio;Frequency Voltage Supply With Cover

Removed.
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Figure VI. Radio-Frequency Voltage Supply With Cover

Removed.
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Figure VII. Radio-Frequency Voltage Supply.



GHAPTER III
OPERATING CHARACTERICTICE AND PERFORMANCE

Firure VIII shows a plot of output voltage versus
screen voltsge, It is seen that the osutput voltage is
alrost directly proportinanl to the serces voltage,

Data for this curve vas obtained by holding the plate
voltare constant at 300 volts and varying the screan
voltage.

Figure IX showe how the output voltage varies with
load at various scroen voltagoé. Again the plate voltage
wes held constant at 300 volts, The data for these curves
wea obtaizned by connectiny the cutput of the radio-fre-
quendy supply tiroush a miaro-ssweter and ocnto the plate
of & Cype VT 255 tranamitter tubes As $he filenent volte
age of the transmitter tube was inercaged, so the load
vas increaseds The load could thus be werieg’ in infini.
tesinel steps, It was found that the voltage supply could
furnish up to approzimately 200 micro-amperes at normal
operating conditions. ;

An attampt vas tade %o ueasure the ripnle valtace
at waricus load currents by picking off a exall portion
of the output voltage and plaecimc it across the horizontal
plates of an ospuiouopo. A ocomperison of the amplitude
of the rimnle wvaltage gould then be mnde with the amplie

*

18
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tude of a lmown A,Cs Yoltage and its value thus ascertained,
Th@ ripple voltage vas founi to be entirely negligidle
ovent at high load eurrents.

The frequengy of the resonant circult of the veltage
supply was found to be 153.5 kiloeycles per secand wvith
the tuning condenser set at ssximun and 158,5 with the
tuning concenser zet at mininums The following procedure
vas used to determine these frequencies: A fev tuwrns
of vire vere wrapped loosely arcuad the trensformer coil
and the ends connecbed to the herizontsl slates of an
osellloscopes A rndio-frtqu‘ndi' signel generator ves
eonnecte? to the vertical platee of the ocscilloscope and
1te frecusncy adjusted wniil a round Lissajou figure
appeared on the screen of the oscillescopes When the
round f{igure appoam,; the fregquons; of the resoasnt
circult and e frecuensy of the signel generatar were
identica},

It wvas found that the voltsge supply opearetsd moat
efficiently when the tuning condenser was set neorly at
minimum, Apperently, the frequency of the resonsnt eirouit
is approximately 153,5 kiloeycles per second,

The performsnee of the voltage suwpply, whan oparat
ing a8 a souree of iyCe plate wqittuge for a Geiger~ffueller
tuba, wves cheeitod by connecting it $0 the diseriminstor
and #riin circulte ghowm in Pleunws xs‘ in eondunction

6e Ibidss vpe 223, 21h,
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with a Tracerlad TGC-2 self quamohing Gsiger-lueller
tube and a Contrel Selentific impulse commter,

A pletean curve for the (eiger-iMeller tube vas
obtainod in the following marmer: A emall cspsule of
radium, which was enclosed in & lead shield to shield
off the alpha end beta particles, was placed near the
mice screen of the Oeiger-Kusller tube ond the oounts
per five pinutes recorded at verious anode velteges range
ing approxinately from 1,300 volts to 1,600 volts, A
plot of counte per five minutes, versus anode voltages
is shown in Flgure %I, Such a curve iz called the plae
tesu curve for this perticular Gelgereifueller tube, The
flat portion of the ewrve extends approxiuately from
1,425 volts to 1,525 volts, This is the region in which
the tube should be eperated,

The counting r-te should vary inversely as the
square of the distanece between the radio-asctive sample
end the soreen of the Geiger<iueller tube, providing
the radio-retive sample is suall enough to be considered
a point source, m.mzmmtmmupmtm
fron actual measurements follow wery elosely the inverse
squayre curve, It was found that for distances less than
about 70 cemtimeters, the inverge squ-re relution was not
elosely followeds The resson for this vas probably due
to the faet thet the radio-sctive sample wes not truly a
point souree, ;
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CHAPTER IV
SWAMARY AWD CORCLUSIONS
Sumery

A gource of high DaC. voltage that has proved very
satisfactory for meay lov current applieations is a
radio-froquency supply dbased on a specially coastructed
step=up transformer which 1z energirzed by a redio-
frequeney oscillstar,

Rectificetion 1s sccomplished dy a type 8016 half
veve rectifter tube which wvag designed %0 permit
radio-frequenay hesting of the aathodq.

Filtering 1s acconplished by & oondenser input serles
resistence type of Lilter cxmonly anployesd in tuned
redio=-frequeney amplifiers,

Gonelusions

Rorther investigation 1s necessary in deternining
optimm design and construstion of radio-frequency
step=-Up transfarmers for use in radio-frequency volt-
age suwplies, _

The condenser imput series resistance filter cireuit
provides excellent filtering at the high Lrequency
At vhieh the voltage supply operates.

The radio-frequency volisge swppiy disouwssed in this

26
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peper periorms satisfactorily as & source of DyCe
anode voltage for Geiger-lMueller tube operstion,
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