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I. I.TRC2UCTICIH

Thic thesis rcoorts the construction and testing
of a 50 kilovolt x-roy urnit ord an ascociated EZrar~

spectrometer, It may be used for imeasurenent of obsorb-
tion edges and for toliing Louwe and powder pictures, and
is quite suitable for general uce in any :-roy experi-
ment recuiring on x-ray source of nedium intensity at
a voltaze not higher tnen 50 kilovolts. Since it en-
bodies a water cooled tube, it cai also te used for ex-
veriments which recuire long exposure timese

The adparatus vias constructed ot low cost from
surplus Lateriels and otaner supplies avail:ible in the
physies laberatory. Tais rcport gives a generel descrip-
tion and a detailed discuscion of the recuired voltas
supplies and the cofety devices necesscry to protect

versonnel sgainst high veltage and harmful radiation.



II. DESIGL CF ArrARATUS

Tne mein considerations in tne desi~n of the

apraratus arise because of the restriction which the

t

endcd use of the avparatus places upon it. Since

[SH

n
it was felt that it mignt te desirable to mnke measure-
ments of a continuous x-rey srectrum, self-rectification
could not be used. Ti:is implies the neces:city of using
sone type of full wave rectifier. The ordincry kenetron
capable of handling . iwverse voltages of 50 kilovolts or
greater is large and rather expensive.s To obvinte this
difficulty small liachlett rectifier diodes were uséd.
Although these have a maxinum inverse voltage rating of
only 50 kilovolts, it vias found possitle to reacn nhigher
voltages by putting pesirs of them in series. The llnch-
lett rectifier is alout 6 inches nish with its anode
consisting of a heavy copper baose gbout 2 inches high
sealed to the glass envelope. The filarment current re-
cuired for these tubes is sbout 20 amperes. In order to
dissipate the leorgce amount of heat developed by scci a
filament current, the rectifiers rust te ccoled b, eitier
water or forced aire. In the nresent case it vias inmpractical,
because of the insulation protlem, to ccol the rectifiers
by waters They were thcrefore nmounted in a rectangulsr
box through which a forecd air flow wos rmaintained bty a

small rotor driven blovwere. To provids tne lorge filoment



current for the liientrons it was necessary to construct a
filcment transformer, In oddi*ion to the requirement
that the filament transformer nmust ve capable of deliver-
ing the ccrrect current, it was necessory that it ve
ccpable of standing the full voltece a.plicd to the x-ray
tube itself., This restriction can te understood fren
the fact that the x-ray tuve which was used enplo.ed a
water cooled ancde. The positive sicde of the power supply
was therefore at ground potential, and the negative side
at about 50 kilovolts below ground potential. The fila-
ment transformer ccnsists of a rectangulor yoke on which
the primary . . wound. The seccndory .0 made ia the forn
of a large circular coil and supported bty gless tabes in
such a way as to provide a large air separation betivieen
the primery and secondecrye Thne transformer for tihe viilt
was a Kelly Koett type JA special 90. The transformcr
was formerly part of a medicel unit, and therefore we
normaily used to supply curient only over rather linrited
intervals of time. The traﬁs:ormer wes cesigned to supply
abtout 114 kilovolts witih a orimery £10 volts. Despite
the fact that the tronsforner was édesigpned for only the
internittent use, it has ¢iven catisfoctory service for
rectified voltages of 50 kilovolts or less over a rather
long period of testing.

Another very inmportant problem in desiguing any

x-ray epparatus is the provision of proper safety deviees
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for tie sersoarnel who nay operate tlie ap.arctuse These
must protect personnel from rodiation and prevent tien
fron coming in contact with the Li-nh voltages. To ceccomp-
lish the first objective the tule itself is rountcd in

large leed boxe The emitted bean is brougcht out thrcuch
a lecod tube wi.ich collimetes tie raciation fairly well,
To eliminate tlie danccr of hich voltagces, the entire
hich voltage system is tounted berind o wire coce. Access
to tiis coge, is aiffordcd by e dcor to winich is iastened
e srorting bar arnd sncll contactor. ien tihe Coor is
opened, the bar comnnects the high voltage terminsl direct-
ly to grounde At the scame time the cireuit tirougnh the
contactor is broken =zid the supzly voltare is turned off,
Two renmcining details of the spparatus should be merntioned
at this point. The first is the control circuit for the
systeme It cornsists ecsenticlly of an autotransformer in
the “rimary cf the high volteose transformer. This control
circuit consicting of the autctransformner ond controlling
accessorics dre poart or the originel redieal tnit from

wuhich the high veoltorse transforner waos talene

The x-ray tubte has a water cooled molylLdenum 2nolcCe
A pressure swuitch is »rovided in the rels, circuit 1o
the »rincry of the nish voltase transfori.er, to protect
the tube from hoving the beon turned on when the water
is not flowinge

The design details discussed in this section are



shown in Figse 1, 2, 7, 4, & ond 6. Fig. 1 snows a schem-

©

tic disgram of the wiring of the system with v-orious
elements of the sycten lebeled in the atteched list.
Fige 2 showus the wire cagce contoining the lend tox with
the controls for the syrtem are at the Lloer right.

)

Flge 7 snovis poart of

&L

the control syctcea for the x-roy
tube filement, and the top of the hish voltarse transforme
at the lover left.e TFige 4 ond 5 shows the box contaoining
the rectifiers. Tae seccndary of the rectifier filaoment
transformer is vicitle below the boxe Fige € shcocws tiae
x-rgy tute as it is umounted irnsice the lead loxe The

lecds to the ripnt are the water connection. In the lower

riznt ore con sce the Dprescsure switch,
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Directcr, for Dicoran
E.S.Z.: ZZlectric cource cswitch voar
Sq: Switeca for 115 VAC cource
So:  Switeh Tor PO VAC scurce (Z¢) (for relay)
St Switen tor 270 VAC source (l¢g, rounded)
CeBe: Ccrntrcl boord
l: Ccntrol rod feor switenh of z-ray filonent circuit.
£: Control rcd for major rheostadt of x-roay filanent
cireccit,
Z: Control rod for minor rhecostadt of x-reoy filarent
circuite.
A.T.: Auto tronsformer
AeTeSe: Auto trarnsformer stcps
FeVe: ilovolt nmeter
TeSe: Transformner switch
SeRe: Relay for safcty anparatus
SelieGe: Steatic high voltoge shortening bar
FoeDe: Door of uzzin ccge
FeDeSe: Contactor SultCﬂ of the door of main cage.
L.: Lead box
WeSe: .ater rressure switch
X: L-ra; tube
Selle: sSpork nmeter
L.D.: Lead door for x-ray becn to spectrcneter
OeSe: Suiten to open tie lead dcor
CeSe: switeh tc close the lecd door
LeDeBe:kattery for lead door
KeTe: Transformer for Kcnetron filaments
Ke: Kenetron tutes
R,:+ Rlowver
Xele: Trousriousmer for x-ray filanent
Ce: Iipn voltaze cage
A.: Ameter for filement current cf x-roy tube
FS.: Switch for filament cireumwit of x-rzy tube
Re: Iliajor rheostadt in x-ray filament circuit
TYe: ldnor rneostadt in x-ray Tiloiient circuit
1A: lillianmeter for electron cuirent of the x-ray tute
SeGe: Sperx gar
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HeTe: Iich voltage tronsformer
SeDe.: Desk for spectroncter
Se:; Slit for x-rny bean

Cr: Crystal (Colcite)
17¢ ldrror

I: Jonization Chamber
Ti: Telescope for Iorization Chanber
1MAF: ldilliammeter for triode filanent

G: Gelvoroneter

o: Telescope for Galvanoneter
EelleFe: Terninals for Electromotive fcrce
Teiie : Terminal for Totentcometer

Ke: Sinl for ccoling viater
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a) High voltage supply

The nigh voltage supply concists of a lelly Foett
type J A Special 90 anign voltare transforner roted ot 114
kilovolts and T25 milliamperes, whica is supslicd by a
£&C volt A C scurce conirolled tarcugn on cuto trans-
former rated Irom 20 to 2Z0 volts A C at 60 amperes. A
¥ilovolt neter, calibrated for tnis nigh voltage trans-
former, is located in the auto transforner. A transformer
along with an on-off switca on the penel tonrd, control
the nigch voltege supp)ly which is talen Zrom the cunter

tap of tie (dish viltoge transiozmner.
b) Rectification unit

Tne four liochlett diodes*l are connected in two
parallel sets, each set consisting of twio tuves in series,
thus'giving full wave rectification. Tihey are nounted
on four elliptically shaped flat aluninum bases spaced
at least 6 inches apart in o wooden tox, 1 by 1% by 4
foot with a blower wiich forces apuvroximately 50 cubic
feet of air per minute into one end of the tox and out
the other.s The filaments are supplied from two sets of

air-insulated step-down transformers, each with a single

primery and two secondcries.e Eaoch primary is wound on

*Liachlett VT 141 M5 115 yolts 20 amperes filament,
plate (dir 50 cubic feet .~minute) 50 kilovolts.
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the arms of a hollow scuare of larincted transformer

iron epproximetely l.? feet in outside dimensions and

with a 2 by 2 inches cross section. These are nountcd
vertically on a wooden IZrame. The secondaries are dougch-
nut-shaped, 1% feet in diameter with two of them (for Xy
and K4) supported vertically on glzss tubes at right angles
to and interlocking with their respective vrimaries. The
other two secondaries (for K, and Lp), v.iich are at

ground zotential, are supported cblicuely on a talkelite

rod but allowed to touch theilr respective primariese.

The data on the filament transformers are as follows:

Table 1

Data on filament transforners.

Fo. of wire Ko load  Full load
vinding Sirce voltace voltace
KTl: primary | 2¢ Ilos 14 120V 120 7V
gecorndery for Kj 47 0. 14 19.8 V 10.5 V
secondary for Ko Z5 Noe. 10 14,5 V 10.5 V
KTo: prinary 2€5 7o. 14 120 Vv 120V
secondary for Kz < o. 10 1.2V 10.5 V
seconfary for K, 40 Tce 14 18.1 V 10.5 V

The current drain in each diode is zbout 19 ampcrese.
Differences in wire sicze, number of windings, and no load
voitages erise because the prinnries arnd secondaries for
Kl and K4 vere salvaged from an ecrlier x-ray unit and

secondaries for K, and ¥z were wound to give the same
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out-put voltage viith the rectifying diodes in tihe circuit
ratner than to gi.e éimilar impedance characteristicse
If 211 the filement windings had been wound in the sane
rnamner, tiae invedances would have been motched in each
casee

The pletes of Ky and Ky eve connected to the second-
ary ol tine high voltage transformer. Tihae output is taken

from the center tap of that windinge.
¢) X-ray Tilanent circuit

The x-ray filanmnent circuit is connected to thne
negative side of the Ligh viltage supplye This necessitates
thie housing of the x-ray filament supply and its control
registances in a vire cage (25 Ly le6 by & feetv) nade
of 1/4 incin square wire nete This cage is connected to
the secondary centecr tap of the hignh voltage transforner
and is well insuleted from ground by porcelain insulctors.
The xX-ray filament transformer (XT) made by X-ray Corpora-
tion in Chicago sets on the floor under tie cage. The
secondary supplies 20 volts A C witah no load, 6 volts AC
4 amperes witn full load at a primery vcltage of 120
voltse The x-ray tube filanment hos an impedance of less
than 1.5 ohms for a 60 cycle A C source, so two variable
resistences (tne larger R 5 to 10 ohms, the sizaller r o to
1l ohm) are inserted in series with 2 6 ohm pilot lamp in
parallel with x-ray tube filamente. Tiie leads frcm the high

voltage cace to the x-ray tube filament in thc leod box
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¢o througa a 1 inch conduit, which is connected to the
high voltace cage and insulated by porcelain insulstors
from the lead box which is grounded. The x-roy filament
circuit is cornected to the cace tihrough a millianneter
(1’A) which shows the electron current throuch the x-ray

t'ube .
d) Lead box and x-ray tube

The x-ray tube is mounted in a lead box (L), 3 by
2 by 4 feet, framed by 1/8 by T inches L section angle
irons to which 1/8 inch lead plates are screwved. On
the hish voltage transformer side the entire wall of the
lead box constitutes a door wiich opens to allow acess
to t.e inside. On the other side, at the center of wall
of the lead box is a hole 1 by 2 inches with a lead door
(ID) whieh ray be closed and opened by an electromornet
which is activated by the switches (CS and C.S) and a
battery (LDB). A water-pressure switech inside the box
is connected to the return flow of the cooling woter pipee.
The x-ray tube has flat molybdenum target and is mounted

as shovwin in Fige 6.
e) Safety apparatus

Tie entire x-ray system eicept the control panel
is encloced in a wire ccge, 9' x 9.85' x 7' high, made of

one inch wire mesh and supported by a woolen frane viork
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of 2 x 4"s lumber. All conducting ports of tiis nmain
cage are grounded. On one side is a docr 7L feet wide.
A shorting bar is fastened on the top of the
door (see Fige 1) so that as it is opened ti:is bar mokes
contact with the nigh veltage conduit. The bar is ncde
N »
of & steel rod 5 feet long and 5/8 inch éiaue eter, and
bent &8s shown in Fig. 1 so that its crnd is 12 inches from

the cornduit when the door is closed and makes contact

to the conduit witn the least motion of the door when it
is opened. '

The.contactor switen of the door (DS) and the water
pressure sw1uch (uS).are inserted in series in the circuit

of relay (SR)e If the door is opened b, ristake the con-

.

tactor switch opens the rclay circuit and cuts off the

nain electric source for the auto-transformer. The water

Y *

pressure switeh (V/S) insures the water cooling of the x-

&<

target in the sane waye

f) Spectrometer

. 3
The spectromneter system is compnosed of three leed

slits, a calcite crystal (Cr), an ionization chanber (I),

a resistance bridge*f-and a galvenometcer (G)es All of

these are mounted on a rigid wcoden table except the

s 9

*Teeds and Torthrup Co. Serial ndiber 724054,
Catalog nunber 767Z.

e
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galvanomcter wi.ich is set on a vwooden bLcard fastened to
the frame of the nain cage is csicwn in Fige 7.

The telescope (Tﬁ is used vwith the galvenoneter
(G) and the telescopve (T;) is used with the ionization
chenver (I)e. Cnce the reading of the telescope (T;) is
recorded wien the x-reoy leam is entcrings the ionization
chember, the sone reading will always insure thot the
bean ig wntering the chambere The Zrelinmirary calibration
is nmode with the 2id of a fluorescent screen. Tae reading
is taken from tne scale mounted on the top of the ioniza-
tior chocmber as reflected by a mirror rigidly mounted on
the crystal nolder. The electric connections of tre
electrometer tube circuit, galvanometer, and ionization
chamber are snowa in Fige l. Variable resistance Iloe 1
of the bridge is 10 kiloohms and Noe. 2 is 100 ohmse The
triode is a RHX 5083, and the variable filament resistance
is 18 ohms and the bies resistance is 75 ohms. Since the
filanent current of the triode should be ver, steady, the
filament current should be turncd on several hours before
the experinment begins. TFurtaer details will be discucsed

in the next section.



ITI CIZRATICL ALD TLSTILG CF AccAZATUS

a) Cperaticn

we now discuss the operstion of the vorious con-
trols in the systems. Tihe method by wiich verious convirols
finction can best be explaincd by incicating the consecutive
steps used to put tihie syctem into operation.

until one

[o7]

l. The flow of cooling water i1s increase
hears te sreccure switch insice the lend box close.

2e Tne nrinetically operated siautter covering the port
from the lead bex housing the x-ray tube is closed

by pressing the switeh (CS)e.

N

e The door to the large wire cace is closede. Core
riust te talzen that the Cdcor is completely siut
in order ihat tihe contrctor switen :ounted on the
door frame closes.

4, Close the 115 VAC switch (Sl). Tnis supolies the
voltoge for the fileonents of the rectifier diodes,
for the rmotor of tie blower, and for the o rimory
of the x-ray filanent transforoer (X7)

5 Clocse the i-roy filenent switche This switeh is

in the sncll wire cage within the lorger coce.

It ig controlled by a smell bakelite rod (1) rinring

out thrcuch the side ¢f lorge cages Te small

pilot lamp incdicates when the current is one The

current ma; bte ndjusted bty rods (& and 7).



o

Ce Turn on the 270 Vil T-phose switeh (Sa)e £ the
sefety switecnes are closed one will he~r the cliclk
os the reley; switch closcse
7 Turn on the roin switeh (SS) of :.CO0 VAC l-sinrgle vhase.
nen eadjucst this volteooe by cclceeting the projper
top of the avto-transforner. A rovgh estimate of
thce cut put of tie hish volteoge tronsiorier con
be obtaired b, the voltmeter on the pcnel board.
This veltneter is eclibroted to read directl;, the
scecondory voltace of the high veltage ftronsforncre.
8e Tuorn on the traonsforner switeh (7S), after one nalies

wiliteh on the control porcel board is

16}
&
‘J
(4]
d-
v
%]
ct
e
(0]
F—
ip)
((l
1]

Olie

)

« Tc use the Irary spectremeter, the filoment current

circuit cf tiic tricce RIIHO3 siould be tirined on
severazl hours before the experirent storts. Adjust
the filement current to abcocut 50 ﬁllowupcres vith
the aid of filanent variasble resistarnce (18 ohms)
ard the milinsmmeter (2AF).

10. Sct the crystal (Cr) to tuc osition of the largest
engle of the ronge of angles wiich the experiment
reguires, with the aid of targent screw.

1ll. Set the ioxigzotion eciionber to such a position the
the reflectcd x-reys it the window of the ionization

N

ciaenbcr, with the zid of telescope (Ti), mirror
on crystal holder, ord t.:ie scale on the tep of

the chamber.
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12. Close thc ;alvanoneter circuit and balance tiie
bridge witih the aid of variasble resistance Ijo. 1
(10 }ilo oims) for rough adjustment and Lo. 2
(100 oars) for fine adjucstizente.

e After the galvancometer is settled down, read the

scale with the ald of telescope (T3)e

14, Cpen thae lead door (ID) wit: the aid of switeh
(0S)e

15« Read tie nexinum deflection of the gaolvancmeter.

16. Close the lezd door (LD).

17 Change tihe angle of crystal and position of ioniza-
tion chamber for next stepe.

18, After tiae gelvanometer has settled down, read
tiie scale of galvanometer and repeat the above

processe

b) Testing and testing data

The calibrated spork gap meter (SI.) was used to
check roughly the reading of the lzilovoltmeter (KV) with
cood agreement resulting in the range from 20 to 55 kilo-
volts. The electron current throvcia the x-roy tube is
varicble in the range from O to 10 milliamperes. The
testing data of continuous, characteristic, and ebsorbtion
spectra are showr in Table 1 and 2 and Fije 8 and 9. The
calibration and calculation from theze are as follo:s.

Tiae following calibration holds for a molytudenum target
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with a silver absorber and a calcite crystal in the
spectrometer. Tae wave lengtias ol the charsctericstice
va Py Tl . o o Qx1
X-rays from molybudenum cre O.71 A and C.€Z A — re-
spectively, and the cbsorbtion lirit bty silver is
Q*3 , . . ca
0.48448 A ~o The Bragg relation is nN = Zd sine,
v - 7 Ll 0;\*‘" b s 3 .
vhere d = Z,02560 A™7 for calcite, N is wave length of
Z-ray becn, 8 is the reflecting angle ¢f crystal, ond
n is positive inteser. Asnd for smoll ancle , sines
tan @ = t/r, where t is the tangent screw reading in
nmillimeter and r is the distance from the tangent screw
to the center of crystal rotetion wihich is about 119
millimeter. If we let 100t = (x 4 x.), then we get

following results with the aid of Tables 1 and 2.

a(in 1) = (2a/r)t = (2d/100r) (x £ x)

0.71 = 0.000511(1Z10 £ xg) Xo = 80~
0.65 = 0.000511(1150 ¢ x,) x, = 83°
0.46448 = 0.000511(870 £ x,) %, = 787

We take the average %, = 80,

Fron Fig.ZQ, the cut-off wave length is
A = 0.00C511(500 4 80) = 0.29678 3. Therefore the peak
voltage is 12.,378/0.29678 = 41,76 KVe. This agrees ap-
proximately with the realing of kilovoltmeter (V) which

was 41.5 KV.

%*
3Aproull:1pray in practice

x4 . , .
Sompton and Allison: X-raoy in tieory and experiment.



Fig. 10 shows the wave form of the rectified
voltage - it is poor because aldecuate Tiltering could not

be uscde.
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Table

2

Data used in calibreotion of the instrument, target:io,

tube current:7 1A, filament:4.2 A ,41.5 LKV.

X: licrcmeter readirg for celcite crystal ungle
y: Galvanometer reading for intensity (Ti reads &.1 on scale)

x v x %
1700 23 1155 15.5
1€50 e 1180 16.2
16G0 2e'7 1145 15.7
1550 2¢9 1140 15.1
1500 a0 1135 14.7
1450 Zel 1170 10.6
1400 Gk 1125 7.1
1275 662 1100 Zeb
1250 19.6 1150 Tel
122 < e llCO 902
1720 7.7 950 Tel
1715 287 900 Ce
1310 Z9.5 850 2¢5
1205 78.1 800 262
1700 3763 750 2el
1275 10.1 700 1.8
1250 4.7 650 l.4
1200 7eb 600 0.9
1175 665 550 0.5
1170 10.5
1165 14.2
1160 15.C

Z

Table

<

Data on absorption edges of Ag absorber Ag(90%) Fb(109%)

X

1000
950
925
9CO
895
890
885
880
875
870
865
8€0
855
850
825
800
775
750

tihickens 1/400 inch

L)

*
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Iv CCIiCLUSICI

With this unit, sone analytical study of con-
tinuous x-rays, neasurenent of absorption edges, and
talring Laue and vowder pictures can be done cuite sat-
isfactorily. One weak point of thls apparatus is taat
the insulction of the rectifiers Ycpgins to break down
in the reigaborhcod of 50 kilovolts, particularly clong
the cuter surfeoce of tihe glass envelope from enode hase
to filomenrnt leads, ond esnecially wnen it is run for

long periods.
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