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SLOAN  He-RAY ACTITNE

I INTEODUCTION

1.10 Genersl Deseription

The Sloan Xeray lischine is named for D. He. Sloan, Ph,.D.,whc concelve:d
the 1dea of developinz high vol¥nge by exciting & low loss resonent coll at its
natural frequency in a vacuum tank. By properly setting up & tunsd-plate, tuned
grid-redio frequency generaior, whose oper~ting frequency is determined by the
resonant coil, it was found possible to develop alternating voltases of®the
order of 1 million pesk between the ends of the coil. Xerays are obteined by
properly supplying an electron source biased to emit only during the positive psak
level of the alternating voltzge.

1,20 Application :

The vecuum tark in which the Xerays nre obt~ined is= covered with lezd
shielding adecuate for positive protection. The Xerays eve sllowed t0 cscape
through thres opsnings, or ports which are located on east and west sides, snd
bottom of tank. From these ports sufficient X-reys are emitted for trestment of
three patients at a time, :

1.30 Operating Technigque -

It is necessary th-t a physicist set machine 'in operatiny dondition
and determine operstion procedure every day. He then has to place over the port
a filter of proper guality to remove the soft .&rays, and a cone of propsr
length so that the patient placed 2% open end is 80 cm =zway from target. vhen
the pastient 1s in position, the opsrating techniclan at the Trestment Countrol
Desk turns on the mechine end sets %Hrny$ blas genepreder volizse for proper
emlssion current end rasdiation level., The opening and closing of ports st the .
control deck permits individual petients to receive appropriste rmdistion or
dosage. The dosage and exposure time sre recorded at the operator's desk.

II SYSTEM DRSCRIPTION

2.10 General

All electrical work on this machine is protected f'rom overlosd by
Meion" circuilt breskers, which prevent any wires or ecuipment from overhesting.
The breckers are loczted on the left side of the control rack, and must be
reset in case of overload. 411 equipment is opernted by pushebuttons after
proper conditions (proper water flow for cooling etc.) a~re established. in
electrical 1ntsrlock system sutometically turns the eauipment off if eny foilure
occurs, and only ihe correceting of the feilure permits restoration of opsrstion.
A green ready~lizht indicetes esteblishmeant of proper conditions; 2 red light
Indicztes that the equipment 1s opersting. The electrical system is presented
in detail on UCRL schematic Dug. 2V6495. Such a setup =llows unskillesd opere
ators $o handle the ecuipment szfely, while accentuating the need for proper
maintensnce.

020 Coollng _
411 coolinz systems ere electriecally inberlocked «ith flow switehes
and Wlower vanss t0 provide poritive protection $0 the unit beins cocled. Both
pumps and heat excheonser are mounted in the penthouse oz the roof, while the
blouers are 'n the Treatment Room Attic.
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1T SYSTEM DESCAIPTION {(Cont.)

z2.21 City iater Pump ~

The meia cooling source is city wster, stored in a 50,000 gallon tank
on a hill 75° above the control room. This water iz used to cool the two vocuum
pumps and the heat o=changer, and supplies water. for the water rheostat.
During operation of the machine, water is returned to reservoir by means of a
pump, but et night, or when the mschine is not opersting, vmter for wvacuum
pumps is automatically carried off through # drsin to the sewer,

2.22 Treated vwater Pump ' :

For cooling Xeray and ozcilletor components, where a hizh electrical
resistance path is essentisl, distilled weter is used, This distilled water
recirculates in a closed system composed of & pump, hest loesd snd heet exchanger,
City water cools the distilled water via the hent exchanzsr. A 3 gallon expane
sion tank on inlet to circul=ating pump maintains a pozitive hesd and allous
thermal expansion space for the water. 4An electrical overhest interlock on the
treatcd water heat exchanger outlet essures cooling operation.

2.25 Adr Blouers _ :

The metal to glass seals for the oscillator tubes are cooled by &
blast of zir directed through an insulated housing, Two dblower fans draw
cool air from outislde the dbullding. Werm air is teken out via a separste

exhaust duct.

2.0 Vacuun .

The Xe-ray tank has a contimiously pumped vacuum system consisting of
a Kinney fore-vac mechanical pump, 6% boosterjhiffusion punp and a 14" o1l
diffusion pump. The opersting ranges of the vscuum interlocks smployed can
be determined from the Vecuum System Reference Chart UCRL Dwp. £V8263. By a
careful stud¥ of this chrrt, one can lesrn the vericus units employed, and thelr
respective rotios. This chexrt dlso shows the operating ranges of weriocus
vacuum meters.and pumps. ‘

2.51 Fore-Vec Pump ‘ ' : _

The Kinney pump is locsted in 2 pit bslow the control room floor, It
is needed %o obtein low enough fore-vnc pressure .or exhsust vacuum to allow
the diffusion pump to function. This foreevac pump is espable of pumping to
base pressure of 10 microns, but usually operates comnmected to exhsust of booster
diffusion pump sround £0-30 mierons ol pressure. Thermocouple pressure gsuges

. are placed at stratfgic pleces in vacuum system., A selector switch at control
rack allows individunl gauges to be read on pressure micron meter on szme panel,

2,32 Diffusion Pump

This hizh vacuum pump is ccmposed of & 14" three stzage o0il diffusion
vamp ir tandem with a 6% double stzse booster pump. The 4 iffusion pump stands
next to the shielding well between the Trestrient Room and the Control Room. It
is connected to the 24" menifold coming out from the X-ray tenk. The system is
electrically interlecked so thet the diffusion pump pressure must be lower than
200 nmicreons. before the pump heaters can be turned on. A roughing by-pess valve
system allows the tank t0 be brought down to this level of wvacuum froem aitmos-—
pheric pressure, while the c¢iffusion pump 1s sezled at a low pressggea The o5
pump mointeins the tank et Ool to 0.3 microamperes of pressure (10~ to 3X1C
millimeters of prescure) as read on Ion gauge Power Supply on Control Racko
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1I SYSTEN DeSCRIFTION (Cont.,)

' The entire system can be brought $0 this vmcuum in one to one =2nd a half hLours,
depending upon conditions for which it wes openeda

2.40 Hiesh Vbltage Generator
Two RCA79C21 triodes ere connccted in =2 push pull tuned—orid tuned-

plate oscillator circuit to supply the resonszat coil with cnergy. £ coupling
1oop connscting both tube enodes pesses through-a vscuum seal into tenk where

' resonant coil is supported. This vacuum seal is so constructed as to allow
coupling to be sdjusted from top of wacuum tank. Since no supply voltzge exists
on this resonsnt coil, one end can be mounted directly to ground, while on the
other end is mounted e tungsten target directly im front of filament., Volteges
that appesr acrss the ccil will now exist between ground and terget and of coil.
Cooling water. for resonant coil and target is injected at grounded end of coil.
The tunedegrid circuit is .- so set that the oscilletor will always osciliate
very rear the resonste frccucncy of coils This osc. 1s supplied with 60 cycles
alternsting voltsgs from a 120 Ki = 18KV/4XV transformers Since. this oscillstor
is an electronic tube penerator, target voltsges will only be generated during
the positive half cyecls, of the transformer voltage. Voltapme applied to the
plates of tho oscllletor tubes is varied by neans of 2 limiting resistor con-
sisting of a water rheost=zt in which the distance between th@ elect rodes is con-
troled from the operator's position,

2,50 Xorqx_Treﬂtment :

. . The treatment of the pztient is to be determined meinly by the medicel
radiolo;ists in eherze.. It is the job of the physicists on hend to detsrmine red-
ation output weekly, so thet the medicel divector elwsys knows what he hes to
work with. The radlation output has to be wotched closely and checked reuphiy
every morning when opersting conditions for the day ars estsblisited. It is
necesssry thet the ratio of Xeray output from both the esst port 2nd bottom port
to the west port be determined, since output is monitored during trentment at the
west port only. The operating tedhnician only nseds to turn on high voltage andcujlsf
‘K=ray blag for the proper emission. The ports where potients eve $0 be eiposed
are preset to open sutomatically. The operating tebhniciesn will obser¥e the
corrected. dosage cn the Integron. The time efi°Opening of ports until the iest
port closes is autometicelly recorded at the Treatment Control Nesk.

TI1 INSTALLATION

3,10 General

The modcernization of the Crocker X-ray mzchine apd the entire ingtell-
ation was accomplished with the sssistance of University cof Californis Radistion
Laboratory Personnel, They will be availeble for consultant purposes at any time
in the future. '

IV ADJUSTMENTS AND TiSTS

4910 City Rater Pump ' '
1% is necessary thet the valve on the exhsust line of this pump be
throttled in order thet the pump mainteln e constant flow and conseqQuently s pose

itive pressure at the inlet side of the pump.:.
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IV ADJUSTIERTS AND TESTS (Conts)

With this pump operating correetly, the outlet pressure is sbout 50 psi, as re-~d
in the comtrol Room, while the inlet pressure is about 0 psi, or a siight bit
negative becsuse the gauge is & pproximetely 10 feet lowsr than pump inlet, It
is also necessary Y0 throttle the outlet walve on the heat exechanser so 28t
maintain enough positive head to circulste water through both vacuum pumps and
water rheostat. o ’ :

4011 City Water System Electricel Interlocks »

The water flow for the Kinney Fore-VYae pump neods %0 be checked
frequently, since this is the only devise where the umter cooling is not
electrically intsrlocked for flow failure or tempersiture overhent. The Kinney
pump is sturdy and reliable enough %o operste for a time, at lesst, without -
cooling water, but the base pressure would not be as low, mor would the pump
operate as efficiently. #ctually all flow switches and overheet devices should
be checked on & monthly basis. They are relisble enough for daily operstion
but may stick or plug up due to impurities in the weter. The best test for the .
electrical interlocks 1s to stand by while the weter is skut off ond wotch
operation. The flow switch interloek will immediletély opean electricaleireuis
and rogisiter trouble. Trouble will not show up Lmmedlstley ir ¢sse of fumperate
ure overheat interlock, such oe that used ou the Diffusion pump.

4.12 Treated Water Pump :

, The by~pass valve on the trestedeynter manif2id should be kept closed
unless inlet menifold pressure exceeds 80 psis The treated water exponsion tank
must be kept half full at all times to assure a positive head on the inlet of

- the rdmp.

4.13 Treated Water Electrical Interlocks

' To assurc hesat exchanzer action it is necesgary thet the city weter
-pump be running before the tre~ted weted pump is sterted. 3Syestem is so inter-
locked sleetrically thst trsnted water pump cennot be turnsd on unless city
weter pump is Lirst cnergized. 4 time delay relay controls the operstion of

the pumps so that neither pump stops running until 15 mimutes from the time

the off button is pushed. This insures the remeval of =11 yesldual hest sfter
cperations. The electriczl over hent interlock should be checked for ocpzrebtirn,
This is set to open varlous circujts if the tre-{ed water entering mmuifold from
the heat exchenger rises above 807 ¥s Individusl flows should be ¢ justed so
thet outlet tempersture never rises above 70° C. Flow interlocks protect for 80F
to 120% determined flow. These flow interlocks work bset from 1 zpm to 25 zpm.

4,14 Oscillator Blowers

Three blowers ars enersized when treated wster pump is turnsd on. Two
biowers bring eir from outside and the third blower exhausts air $0 the cutside.
In adjusting the tube blowers for transformer coocling air, it must be remembered
that the blowers must primsrily keep the tubes cool, On hot days this adjuste
ment will prove quite importent, since the metal to zloss seal on $he tubes rust
not 2o above 150 deg. C. Air flow is assured in these twe blower duets by the
elecvrical blower vane interlocks. Thesse can be checled ensily once one learns
the Familisr c¢lick they meke in opeyation and wetclies the indicator lights on
contrel panel.
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v /DJUSTHENTS A¥D TisT (Cont.)

4,80 Vacuum 3System
then making vacuum systen 24 justments which bring about any possibil-
. 1ty of a rise in pressurs (such os installing = new ion gougs tube or changing
the oil in the fore=vac pump),it is sdvizcble to close the gete on top of the
diffusion pump, thus sealing the tank. This procedure is suggested until
fanilisrity with the oper=tion of the vacuum system 1s guined in order to
_avoid the drifting of 0il prriicals from ths diffusion pump back into tank
(which results from incresase in fore-vac pressure.) It is this diffusion pump
oil drifiing into the tank which ceusecs s0 much trouble in ocutgrssing during
opetation.

4,21 Vscuun Mesers snd Interlocks ‘ '

44,214 The Geissler voltsge haz a direct relztlonship with the vacuum at the
point of installation in system, but since this interlock hos been found usee
ful only for sudden unexpected increases in pressure, the voli-ge setting is not
eritical, The Geissler is spproximately set at 3000 volts, cox-respomino to
approxinately 100 mierons of pressure.

4.21B The thermocouple heater current (which is ingiceted on the ammeter
in the panel) should bHe adjusted for the individuel thermocouple gmauge for
which the selsctor switei: position is set. 7This adjustment is made by meens
- of the rheostet knob on the panel. The heater current setting is factory
caiibrated and the decimal sddition to six amperes is marked on each theimo=
couple gauge stem. Jith proper heater current, the pressure is read in microns
on the calibrated pressurs meter.

4,31lc The ion gauge power supply has on its front pancl the meters necessotry
for adjusting ion geuze ccnditions so that the vroper relationship cen be set up
. 'between emission current and ion current, thereby msking the lon current e direct
meagurment of pressure. The filament current (usually below two amperss) 1is
automatically regulated to obtain the emission current setting. The emission
current 1s set 2t 1.15 ma. by the knob on the panel. The zero adjust kncb
(which is used to zerc the pressure giicrosmmeier) should be set with ronze switch
on the scale to be used and the filsment switeh in off position.

. 4.21D The Ion Geuge Vacuum Interlock is »djustable bestween 30% and 200%
of the pressure meter scale resding. This usuelly is ret hizh encugh so th-t
the meter can go to the full extent of meter resding without opening the inter-
lock, In order to reset interlock =fter it hmss once opened, it is necess-ry to
monentarily press reset button.

4,22 Fore Vac Pump

The Kinney fore~vae pump liodel #8-8-11, is a water cooled pump with a
unplnz speed of 43 efri. The ~¢il flow valves stould be adjusted for the best
base pressurse of pump. It is very important that lhe 0il used to seal the vacuun
pumping section be changed freaueﬂtlyo To cheek the base pressure of this
pump the 2" gate velve above pump iz closed and forsevse pump thermoccuple
gauge 1s obserwed. This spuld read below 20 microns.

4,23 Diffusion Fump
The 147 01l diffusion pump wss found to oserate most elffTieisntly
after installtion with 1.88% of hcaler power. There is an suxilizry 1 KW@




IV ADJUSTUENTS AND TuSTS {Coat, )

heater (with control switch on diffusion pump terminal box) for fest heating
after diffusion pump hss been off. This suxiliary hester should sot be left
on once pump has stsrted to function at a low pressure. Heater overating
conditions can be determined from current meter on terminal box. The oil
should be kept up to the middle of the level sizht gruge. To meintain this
level, threc querts of Litton oil are required., This 0il supplies both the 147
and the 6" aiffusion pusps {via the equalizer line.,) The water cooling coils
should alwsys have eaocugh wster cireculsting so thst they are Just above room
temperature at the bottom of pump wall, If water flow ceases in this cooling
coll, the mercoid clamp=on ovcrhesat switch removes the power from the pump
heaters. This temperature interlock is set about 150° Fs Also if the ol
level 1s too low, the tempersture a2t the bottem of the pump will increase to
about 300° . at which time the GE over-heat interlock remcves the power from
the heasters. Also, when the pump heaters are off, the city water contimies to
zo down the drain sfter ccoling the pump, until the tempersture at the bottom
of the pump has reached 100° F. Then another GE temperature control switch
closes a solenoid valve which stops the water flow and thereby prevents
further coclinao .

4,50 Hish Voltege Generator

2,504 The Tilement voltage of each RCA #9021 tube is adjustable be%uaen
17.0 and 20 volts as read on the oscilletor tube filament voltmeters on the
same rack. TO eliminate interference of ¢ ese voltmeter rew’*ings9 the varincs
on the emn1951on control penel should be de=epersized.

4,308 The limiting seriss resistor {(water rheostat) prevents the full
transformer voltase from belng anpliad to the plates of the oscillstor tubese
thus allowing them to stort ogscillating st o low voltsge end minimizing the

power surge on the4KV line. The water rheostat cen be ccontrolled momelly

or it may be set to operate autometicslly so thet it deeren-es the resistence

to =z predetermined value, thus supplying the oscilletor withk repetitive operating
voltsges. The various gsutomestic water rhecstzt posltions ave set from a seleetor
switeh at the control panel.

£.30C The osc. plate transformer primary is supplied from a 4 KV line and
draws betuscen 90 end 105 K¥, which is far enough below its rated valus of

120KW for safe operations The secondary voltage can be adjusted by tap switches
on transformer seéondary to 12«14-16 and 18 KV, It will be found necesssry
when 1nstelling a new tube to start at the low voltege tap and graduslly work
up. Also, iIf eny experimental work 1s to be done or the osclllator, 1% s a A
goed policy to go to a low voltage tap for safeby of equipment. In mormal opep=
ation it was found that a compromise had to be reaghed between the 16 KV and the
18 KV taps. The 18 KV nmlght eppesr to allow a higher Xeray output, but the
danger of flashover betwsen water Pheostat eleetrodes is incressed: while the

16 KV tap drsws t00 much average cu:rent and saturates the transformer. The

tap {16 KV or 18 KV) which gives the highest radiation output should be uzed.
#hichever one is used, caution must still be observed in letting the water
rheostat clectrodes get too close together because a transient in the high volisz
line will cause an arc¢ between these clectrodes. This is a&lways undesirable ann
can be very dangerous if the arc persists long enough to cause steam t0 be
formed in the water column. The risk is reduced if the overlond relay is set
low enough thot power is removed quickly after %transient fault,
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ADJUSTIWLNTS AND TusTS (Cont.)

4,30D Once oscillator volt-ce is eoplied it is necessary to observe grid
current and the peak to peak amplitude of the pattern on the scope. Average
oscillator current can be read at meter on panel and target voltsze ¢an be
seen on oscilloscope conneccted $0 @ pick-up probe in the tank., It will be
found thet thore is a josition of the grid tuning loop which will give moxie
mam peak to pesk volt:sze on the terget as indiceted on the scope. hen the
grid loop 1s c:ntinously turned in one direction it is found that the tarpget
voltage resches a meximum velue but the grid curreat contimies to increasse, The
grid current meter should read ap roximstely 0.6 milliamperes or less. An
optimum point can be found in grid loop position for both maximm tzraset voltanse
output, minimum grid current ené stedbility of oscillator. This i3 best
determined by famili=prity with oscillators

44304 Ad justins, the anode coupling loop veries the impedence of the oscill-
ator plate load. By separating the locp from.the resonsnt coil, the impednance
is decrcesed, thus lowering the pl-te voltase and increasing the cathode

current of eecl tube as seen on r.spective meéters at control psnel. It is not
good practice to let the average cathode current of each tube rise above 3.0
amps. Since the sum of the average cethode current for the two tubes execeecds
the 5 amps D.C. r=ting of the transformer seconiary there is little to be mained
by further exceeding this 3 amperesa

4.30F The tsps from tvecoupliné loop to the inductor (the ends of whiech
‘comnect to the plste of esch tube) will slso have an effect on the pleate imped-
ance. These teps can only be rdjusted by trisl ens error. It is of " prin~ry
importance that tke individual tube estlode currents do not differ by mors tren
0.5 of an ampere. .ith tiis condiition meintained, the taps ere then adjusted
for maxirmum target voltz~e as observed on the oseilloscope.

4,404 X-ray Output -
Primarily, hard or hish voltase X-rays sre desired. The penerstion of

s0ft X-rays are climinsted by blasing the filament so th:=t electron emission

occurs only at the pealk voltaze of the 8 mezacy:le clternsting tarzet voltsge.

The X-ray filament current siould be set at 65 anmperes for 2 .,045 inch diemetur

t ngsten filament. 7The bias voltage will depend upon the physical setting of

filament and bles block in vacuum tank. This biass voltage sho 14 be used to

adjust the emisslon current to keep a ccanstangt rrdiation level of 20 r/m at

80 cm from tcrget et west port. If terpet voltaze is high, this 20 r/m can be

obiained with en eimission current of 1 maj however if target voltsze is low

it will t=ke o higher enission current. This emission current should not be

allowed to0 excecd 3 ma for eny length of ¢ ime beceuse this will shorten the

life of the target. iActually the 1ife of the terget 1s shortened by a rediistion

levelhigher then 20 r/m since a higher target voltasze at a low emission current

causes a8s intense a loat at target surface as a Ligh emission current with e

low target voltoge. ‘ ‘

4,401 The distence from the X-ray filement to the target should beset at
an glectrical minimum. Too small a distence will cause frequent flsshovers
from t.e terget t0 thas bdas block as indiczted by sudden disa peerance of the
bias voltrze. The filament assermbly should be moved awry from the torget in
quarter inch steps until the bias voltege chanse is as observed with normal
cutgessing., iFxperience with this set-up enables one tc know just what this
ninimum distance is.



R

ADJUSTRLNTS AND TiSTS (Cont.)

=.41 Rediation

Radistion cxnosure is measured by the Integron at the west port,

"The calibration ratic for this instrument has to be determined daily for

actual patient dosage at each of the individual treatment cone ends, The adjuste
ment of this Victoreen instrument 1is well described in memual supplied by

. mamufreturer.

4,42 Tarzet ~d1ustmfnt

" The most aifficult adjustmcnt is the proper placement of the terget
80 that the electrons hit the tungsten. This cen only be done accurntely by
obscrving an intensity meter anc emlssion currsent meter wihile mdjusting t=rget
position. Although a Gefinite psek intensity can be observed for constent
emission current, it is not easy to maintain the ter-et in this positiocn, re-
lative to filament, due to the physical mounting of ter:iet. This aliznment,
though very difficult is very important since the effective X-ray voltnge
may be as much as 50% lower by misalignment..

4,43 Treatment Cone

For tle purpose of knowing where the trertment beam is belng pleced,
it is essentiel th=t the beam hit exactly in the center of the cone f-ce. This
can be determined by locating the center of treatment cone fece with lerd cross-
lines end exposing e film over these crosslinss. Quadrants mede by lend cross-
lines should be marked so thrt orisntation can be sstablished after {ilm 1is
developed. The treatment cone mounting should be shimmed untid the center of
the X-ray beam coincides with the center of the cone surface. In some cases it
will be found necessary to move target to make this aligament, In such casaes,
it iz azein necessary 40 realign targzet for meximum Xeray intensity. It will
probably be necessary to repeat these steps several times until an oztimum
condition 1is found. .

4,44 Xepay Absorption lieasurement _
4.44A The only means provided to detecrmine the peak voltage of the tnrget

is by X-ray absorption measurement. This is a difficult method, dbut since it

1s the ef;ective peak voltege of the Xerays with which one is reﬁlly concerned,
this method is more direct than might at first be apprrent. The guality of the
X-ray beam is detcrmined by the half wvalue layer (i.e. thickness of zbcorption
material which reduces the intensity of X-ray beam to haffily its original value).
A close approximation of the t=rzet peak voltsge 1is obtained by the half value
layer after filterins beam with at lesst 4 cm of lead, The intensity of X-rays
corresponding to the peak volt=re is very small, but this is true even with a
constant potentizl machine. The knowledge of the X-ray quality is importent

to the radiolozist so that he cean conpare various sources. -

4,448 The monochromatic effective peck X-ray energy is obtained by plotting
en absorption curve of the X-ray besm. This curve is plotted on semi~log

paper with the thicknsss of sbsorbins menterisl as the sbsissa and the relative
intensity as the ordinste. The ratio of the X-ray intensity with certein
thickness of absorbing msterial to the initial Xeray intensity with no absorbers
determines the relative intensitys



ADJUSTHENTS AND TESTS (Cont.)

" The absorption curve can be represented by the equation:

j;LL >((<7
where I, is initial intensity
I intensity after sbsorption
AL the mass ebsorption coefficient
x the thickness of absorbving meterial
the density of absorbing meterisl
This equation can also be exypressed as

_.excx,o
4

By finding the half value layer of absorbing materisl (X) which makes-]f:" D

one can readily solve for the sbsorption coefficient (). If lead is enployed

as the absorbing materiel, this absorption coefficient csn be interpreted in

terms of voltage by reference to G, Faillla's experimental deta which is plotted
~on curve sheet "Mass Absorption Coefficients of Lead for X-rays."

4,44C The method employed to obtain this sbsorption curve is probably the
most important phase in determining the qualiity of the X-Iay veam. 1Tne iteci-
nique of this measurement can be observed by study of UCRL drawing #2V9293. Here
it is scen that the beam is colliminated by en octsgonal hole in a 3 inch thick
lead block. Absorbers are placed under lead block in octagonal beam and relae
tive intensity measured as absorber thickness is veried. The intensity meter
mst be plaéed far enough below absorbers go that scattersd radistion, caused
by abgorption does not appreciably affect meter reeding. Ieter is placed in .
load chamber with 27 thick lead walls which minimizes scattered radistion ebout
room from affecting meter reading. Also the chamber is linsd with 1/4" alumirum
to minimize back scattering from the beam terminxting on inslde walls of chamber,
The 3" thick lead block rests on teble which has large castors on it so th~t 1t
can be moved about under Xerzy tank to attain vertical collimination. This is
determined by exposing X-rey film at bottom of table and measuring zcross flats
of octagonal figure on film. Film must be so marked that after development it
can again be placed in same position as when 1s was exposed. ithen this figure
is a perfect octagonal picture on film, that is all four across flat measurements
are equal, then it follows that colliminstion is vertical. It 13 now necessary
- %0 align lead bhamber so the beam pzsses throush the center of 2-1/2" chamber
entry hole without hitting the sides. Such migalignment would cause secondary
radiation to anffect the measuring instrument. The beam size at the chamber
entry hole is sp;roximetely 2-1/8" across cornsrs. This beam size is necessary
to completely cover the £50 mr Victorsen chember. Passing of the beam exsctly
through center of chamber entry hole is determined by exposing a film through s
suitably marked mask positioned by 2ligmment studs on chamber top. This mask
is nothing more than a 1/8" tiick lead sheet with holes indented to f orm cross
lines marking the center of chamber entry hole esund a reference symbol showing
orientation. Rcugh alignment of chsmber can be clecked this wery, while final
alignment hns to be clecked by actually putting a smeller £ilm inside the cramber
under the circulsr entry hole. Secondsry radii-tion csused by beam hitting side
of entry hole will show on this smeller f£film. Uhen a wery clearly defined octe
agonal picturec is obtained, maesk cross lines are in center of picture, and
across-flat measurements of octagonal are 2ll ecual, c¢olliminetion is then com~
pleted. This is a lonz and tedious job, but further study of this sort of test
will explein the need of 1its accurzcy and precision.
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4044D Proceed to obtain intensity meter readings as absorberg ( perferebly
leed) in beam collimination is varied in thickness. Survey meter is placed es
shown in UCRL drawing #2V9293 to measure original X-ray quantity. Since the
survey meter bears a direct ratio to the initial reading in chamber without the
abgorbers in place, the relstive intensitiss for the absorption curve can be
obtained from these two meter readings: This gives the relstive intensity
thet is plotted vs. absorber thickness to obtain the absorption curve,

V_ OPERATIONS

5,10 General

vhen the machine and equipment ere left in proper condition, it is
possible for anyone to stert operation by following simple *cook-book™ directions
outlined in the following "Mornimg Starting Procedure." The elsctrical inter-
lock system will permit opersztion of the X-ray machine only if everything is
working properly (water flow velves, ete properly set). The section on "Tech-
nical Procsdure" covers the operstion more in detail and is the comcern of the
physicist responsivle for proper oper=tion of equipment,

5,20 Morning Starting Procedure

Docoh Vacuwn sust 08 luwey $han U.D ue veiore proceeding. slter eoscertaine
ing from the previous days opersting condition th~t meciine is re«dy for use
and observing th-t the "Fore-Vac Pump® and "Diffusion Pump" push button "ON"
lights (red) are 1it, the first step is to check the reeding of the "Micro-
anperes Prossure” meter on the lon Gauge rower Supply. This should be read
with "Range" switch sect on "1" and should read below 0.5 ua, The "Range"
switch is then set to ®25" so that with initial tank outgessing, the "Ion
Gauge Protection Unit" will not turn off the ion gsuge filament. If the "Ion
Geuge Protection Unit" functions and turns off the ion gru e filamsnt, it is
necessary to presg the "Reset™ button on "Ion Gsuge Protection Unit" panel be-
fore the vacuum can be reada

S5.20B Turn on the "City Water Pumg_, The "Diffusion Pump Cooling" indicator
light(green) will go out, showing th:zt cooling water in this pump is being
recirculated by the city water pump end is no longsr going down the sewer drain,
The "Treated Water Pump" ready light (green) should now be 1lit.

5.20C Turn on "Trested iater Pump®, After a short period (mex.l min,) ready
lights should appesr above "Oscillator Filament®™ and "X-ray Bias & Filament
Supply” push buttons.

5020D Adjust the oscillator filament variacs snd turn on filament power.
This 1s accomplished by setting "31 Osc Fi1 : 10% Voit 233" ard "j2 Osc Fil

+10% Volt Adj" variacs to "0". Proceed o turn on "0scillator Filament®™,
Adjust "#1 Osc Fil *10% Volt ﬁdg" variac %o that the "d] Osc Fil" meter reads
19.5 Vo Repeet adjustment with ;2 Osc Fil. Readjust =fter about one mimute
warm up time before proceeding to next stepe.

5.208 Adjust Xeray bias voltage v-risc and X-ray filement current variac
and turn on power. This is accomplished by setting "Xeray Blas XV 2djn" and
"Xeray Fil I Adj" variacs to "0", Set the threc trestment control switches so
that comtrol is from rzeck. iroceed to turn on "X-rey Bias & Fil Supply™. The
"Hizh Voltage™ resdy lizht should now be lit,
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5.20F Qutgas the vecuum tenk. This. 'is dons by turning on"High Voltage™ and
decreasing water rheostat resistance slowly until outgas in tank causes high
voltage oveérload relay to open breaker. The "High Voltage" ready light will

not appear until the water rheostat returns to maximum resistance, It will be
necessary to repeat this outgessing procedure until machine will stay on at
aporoximstely the same oscillator "Peak Reading Kilovolt" meter level as prese
oribed in previous days operating progedure. This should not take longer

than 5 minutes, but might take as long as thirty minutes.

5,206 " Set x-rgy Fil current at _G65a. éhile holding finger on "X-ray Fila=-
ment Oper-ting® button, set "Xeray Fil 11 Ad3" veriac by turning knob clockwise
until "X-ray Fil" current neter indicrtes 65a. Proceed to set the three switches
on treatment control panel so thet control is now at "Operators Control Desk."

All further aajustments can be made from "Operatcrs Comtrol Desk.”

5020H ;8 just X-ray bias voltase to SKV. This is dons by turning "X-ray Bias
KV 24j" varise knob clockwise until the "X-ray Bias" voltmeter on- "Operetors
Control Panel® indicotes 5KV.

$.201 - lmke adjustments for radistion level. After setting the water rheo-
stat control on "Automstic” at the normal tap setting, procced to turn on

"High Voltage". 'Then the "X-ray Bilas KV Adj” variac is adjurted for the proper
emission current as prescribed in operating procedure of previous dayc

cAUTION. Do not allow emission current to exceed 3 mm.

5,203 - Procesd to treat patients.

5.30 X-roy Treatment

Once machins has been get up as prescribed in the section on lorning
Starting Procedure, the oper=ztor sets the petients in place as prescribed by
the medical radiologist. The plscement of patients and the adjustment of individ-
ual port shutters for beem size is to be included in this prescription. ‘hen
the pztients are in pluce, preset the ports that are to be used by pressing
the appropriste "Preset” buttoms. Ascertain which potient is to receive the
least amount of radiation and set the Integron for that pstient's dossge, (corre
ecting for port Integron ratios as necessery.) Turn on the hish voltage and
adjust the emission to the approprirte daily radiation level. The ports will
open automatically and remain open until closed by the Integron. Check that the
ports actually open by observing the “Open" 1isht (red) juring ench treatment,
Reset Integron for the next patient (ellowing for prewicus dosage and also port
Intezron correction), and operate the preset buttons for the remaining patients,

Do _not preset the ports uwhere patients have received full dosage. FPorts which

are supposed to be closed should ~ive the -gppropriate "Closed" light (Areon).
The same procedure is repeated until all patients have been treated.

5,40 Technical Procedure :

5.40A ~ After a thoroush study of UCRL overall schematic #2V6495, ome can
readily see the use and layout of tie electrical circuits. The first step in
use and control of any eleetric=l item is the Deion circuit brezker which has

£0 be closed before operction ¢an be attempted., On overioad these breskers will

~ open and it is only necessary to push them in the off direction to reset them.
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These must then be pushed to "On" position for usege. ithen operstion is to be
started, all circuit breaekers should be set in "On" position. The "Ready" light
(sreen) on the push button panel indicztes that the individual breeker and eny
asgociated interlocks are closed. hen this light 1s 1it, it means that
equipment is ready to opesrate when "On" push button is pressed actual operation
is indicsted by the "On"™ light (red). The vecuum system is the first thing to
be concidered., .hen establishing & vzcuum, it is a wise policy to pump on each
separate section working sway from main fore-vac pump, proceeding from the pump
itself, to the line leading to the diffusion pump, then on to the diffusion
pump end finally on to tank vie diffusion pump dby-pass line or roughinz line.
This is possible because of the vacuum modified 2" gate vzlves whieh separate
the various sections. During this process vacuum $s indiceted by the thermo-
couple gauges ccnnected to the individual ssctions.

5.40B Assuming the vacuum system has been off, the first step is to set

the automztic fore-vec valve on mamal set by pressing the "On" button of the
second set from left of push buttons on push button panel. The first set has

no ready light and is Just a spare. After this circult is set, it is necessary
to manuilly place vacuum valve in open position, which will be held there by
electrical solenoid toggle. Then this is in position, a micro=switch is tripped
which puts rerdy light on fore-vac pump push buttons.

5.40C Although resdy light apoears on fore-vac punmfiﬁitons control rack,
this | punp hes to be turned on down in pit by control buttons mcunted on pump
stand. This was 80 srranged that pump inspection is mede while pump is sterting.
This pump shculd be sterted under no lozd, thet is stsrted with its intake open
to atmosphere, Uith the large 2" gate velve at pump inlet closed, the Kerd-
test velve should be operied and then closed 2gein as soom as pump is running.
When fore~vac pump is sterted, thermocouple panel power is applied and if power
switch on fromnt of panel is in "On" position, pressure gauge is ready for use.
After a short period (approximately 15 mimtes) the base pressure of pump can
be determined from fore-vac thermocouple gauge. This pressure shouli be below

20 microns,
5.40D Proceeding to test fore<vac line the 2" gate valves are closed at

diffusion pump ené and opened at fore-vac end. Lere agein the pressure can be
obtained from the meter reading of theimocouple gruze on fore-vac pump. This
pressure should now read lower than 30 microns and after sufficient pumping
lower than 20 microns,

5,40E Closing lar-e valve on top of diffusion pump mekes it possidble to
detormine diffusion pump vacuum tightness after opening 2" gote valve on line
connected to booster diffusion pump outlet. It is now possible to resd thermo-
ccuple pressure a2t both fore-vee pump and outlet of booster diffusion pump.

5.40F “hen the pressure as determined from the thermocouple gsuge on out-
Tet of booster diffusion pump is around 100 microns, the Geissler electrical
interlock should function as shown by indicetor lizht "Geissler Holding" and
allow the zutomatic fors-vae valve to be set in sutomntic. Pressing "Off"
button of automatic forz-vec valve set of push buttons establishes this
condition.
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5.40G i/ith automatic vrlve beciny held open by CGeissler electricsl interlock
system, diffusion punmp re-dy licht should show thot diffusion pump heaters ere
ready. These heaters should be emerglized and oil allowed to heat for at least
15 minutes before valve on top of pump 1= openedo

5°40H If Xe~roy tank is sesled vacuum tight, fore-vac pump can be used for -
roughing dovn from atmospheric pressure to 1.0 microns, a point where diffusion
pump can be used. To prevent Geissler interlock from operating due to increased
pressure from tank, automatic fors-vac valve is set back in menual position.
The slectrical interlock system et this time removes pousr from diffusion pump
heaters and allows power to remain on foree-vsc pump a2s well as sutomstic foree
vac valve. It is also necessary to close the 2" gate valve on outlet of
booster diffusion pump to prevent oxidation of hot 0il with increesed pressure.
The roughing valve can then be opened, thus by~passing the diffusion pump. The

" tank pressure can now be read with the appropriaste thermocouple gauge on the
pressure meter of the thermocouple pansl.

5,401 As soon as. the "Geissler’indicotor 1isht (zreen) shows the system
interlock function ngain, the automatic velve push button should be reset into
automatic. The Gelssler should be rezdy about 15 mimutes after roughing valve
- isopened if tank 1s vacuum tight. The 2" gate valve on the booster diffusion
pump exhaust should be opened agein and diffusion pump heaters energized for
about 195 mimutes before pump is put into use. hen tank thermocouple re-~ds a
ground 100 microns of pressurs, the roughinz valve should be closed and large
valve on top of diffusion punp opensds

5.407 The 3on gauge power supply vdltqge wes supplied when diffusion purip
heaters were turned on. If pover switeh on frew penel of IGPS is in "On"
position, the unit should be re=dy for use. Iirking sure that the 2" gnte

valve on ion gauge is opsned so the ion gause is commected to the wvacuum system,
it is ohly necessary to get lon geuge filament current on. This is done by
mtting switeh on IGPS front panel to "Normal®™ position and pushing "Reset"
button on IG Protection Unit panel front. With IGPS "Range" switch set at*lO0"
this interlock should hold. It might be necessary to press "Outges™ button

on IG Protection Unit psnel, but this should not be held for long. The thermo~
couple gauge on tank should now be re ding lowsr than 10 microns.

5.40K Yechine is now in condition to proceed with lorning Starting Procedure
instructions, Ir will first be obscrved that the vacuum is not low cnough, but
after an hours pumping time, this pressure will be down to less than 1 microamp
as read on the IGPS "llicroamperes Pressure” meter., It 1s advisable to proceed
to outgas tank.

5.40L Once a repetitive sotting is determined for the water rheostat, it

1s ne necessery that X-ray bias operating rangs and Xersy emission current be
specified for daily operation. These are adjusted so ss to have 20 r/m at 80 cm
from target et the west port. X-ray output beins properly obteined, it is
necessary that the calibration ratio be established between the end face of the
cone gt sach port and dic recding of Integron, This 1s done by placing a
Victoreen Chember ot center of cone face and comparing this chember reeding to
Integron reading. The chamber should have full seale re ding of 100 roentgens
and should be exposed to about three quarters full sczle. This data should dbe
deterniined every day an¢ the informatlon then turned over to the onerating
techanician.

4
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60,10 Cooling s¥stem

The cooling function of the water system is essential to the
operation of the machine and the malntennnce of this system probably will
require the most care. Contamination in the lines may plug the variocus
flow meters so that. they do not function propsrly. These flow meters must
frequently be given wisual inspection for sluggishness znd inconsistant
operation, ete. If these conditions exist the flow meters must be care-
fully taken epart and cleaned, and special care to maintain calibrstion
should be observed in reassemblingo

8,11 Treated Fater Pipe Flushing

The treated water piping system should freouently be flushed by
opening the drain velve =2nd sdmitting clean water into the expansion tank
while pump contimues to circulate weter. If this is done with ordinary city
watep, 1t should be completely removed from the system. This is beat domne
by flushing the system with the treated waier to be used. The system should
then be filled with trested weter,

60,12 Alr Filters

The filters on the intoke to oscilletor blowers should be cleaned
out about once a month. It ié importent that tiese be replaced in the ine.
take holder so that the air flows in the smme direction as it did before they
were re¢noved. This prevents any residual dirt from later getting into the
system. : :

8013 Hotor Care

Blower motors and pump motors require regulsr lubrication and oiling.
If the bearings seem to be stiff, it might be advisasble to disassemble and clean
making sure to peck weél with grease when reassembling. _

8020 Vacuum System

The only care that the vacuum pumps nsed other than standsrd lubri-
cation and oiling of fore-vac motor is to check the condition of the pumping
0ils, For normel operation the fore-vac o0il should be changed every two weeks.
In sddition, itchould be changed each time the tamk 1is pumped down from stmose
phere. This reduires 5 gallons of DTE Medium-Heavy oil. The diffusion oil
level should be kept t0 the center line of glass sight geuge and should be
changed about every 6 months.  Thils requires 3 quarts of litton oil.

60,21 Vacuum Tishtness

The rate of rise of the vacuum in the tank (the pressurs incresse per
unit time after tank is scaled by the large valve on top of diffusion pump) is
a direct indication of vacuum tightness of tank. This should be checked when
the pressure is high and vecuum trouble is suspected. Familiszrity with this
procedure should be establisheda .

6.22 Vacuum Lsalk Detection

Vacuun leaks can frecuantly be detected by applying acetone at the
suspected location of the leak, If the lesk 1is actually there, the ion gouge
rezding will incresse rapidly, 2nd after s short time decrease to a normal
readings. ’ '

6,30 ULlectrical System (

The cleetrical system is designed for minimim maintensnce. There is
very little thot can be done until something actually gzoes wrong. By making
a thorogh study of UCRL overall schemstiec #2V6495, ome can learn $o0 cquickly
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remedy the trouble, It is n-cessary to have a stock of essentisl spere perts

on hand to replace components immediately as they weer out., 411 stock itcms
should be actually tested in the machine to ascertfign their working dondition.
Any electrical changes thst are made should be msrked on print /2V6495 and on
the individuasl component prints so that these drawings will alwsys bs up to date.
This will permit quick and positive trouble shooting.

60,40 UWeter Rhcostat

Due to the high temperature developed in the wster rheostet, the
calcium products coms out of solution and deposit themselves on the nepative
elsctrode, This forms a hish resistance coating on the electrode which has
to be removed and clcaned about once a month,'aepending on usa:ze of the machine.

6.50 Hydraulic Port

The motor for this hydrsulic pump is designed to opernte on 6 volts
DC but is installed to run omn 8 volts AC. This causes more h:-eting than des-
igned for originally, but the short opsrating cycle makes this usegs possible.
The 0il reservoir for this pump must be replenished at least once a month, due
mainly to oil leaskape at the pistons. SAE #20 oil should be used.

VII CONCLUSION
7.10 General

At the time UCRL personnel completed this joh, the high voltoge would
remalin on for periods of about 2 to & mimm‘es. - This short operating period was
due to outge:sing of the $ank which ceused the overload breadker to opem the 4KV
contractor on primary of hizh voltave transformer. It was hoped thsat ofter
vacuum pumping and eoplication of high voltmges to the tank, this oper~ting
period would incresse. Since an outgassing period of more than a week 1is im-
practical it is suggested th-t a better means of pumping the space between
copper liner and the steel tank be provided. Vertical slots approximrtely ﬁ“
wide and 30" long in the siGes of copper liner would incresce the pumping speed
of this space on the sides. Pumping speed of the space around the bottom and
top can be increesed by means of 1" circular holel Care must be exerrcised
neither to remove copper from & high current peth, nor to lerve any copper edges
pointing toward high voltsge.

It also scems apperent that bet .er high volt-ze transfonmer oper=tion
would result if & means of lowering direct current from secondsry is developed.
Pulsing of oscillator grids so thet tubes do not draw curreat during the t ime
of low transformer voltage would nccomplish this. By putting a bias voltage
on the oscillator grids which cen be removed by pulsing the grid of a triode
tied to this bias voltage, the oszcillator will generste high voltege only at
times of high plate voltage.

“ith tiese improvements made in due time by the physicists in charge
the machine will operate with consistency depending meinly upon, the eare and
maintenance i1s receives. It is to be emphasized thet the most important phese
of unskilled operstion of this machine 1s proper maintenance. Occasional
neglect results in complete forgetfullness,
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SFARE FARTS
(to be kept in stock at U C H)

ITi: AND DESCRIPTION

Ion Gauge - Jestern Electric #D79510
Bias Supply - Rectifier Tube IE i#3B24
Geissler Thyratron RCA #2050
Dicde RCA #€16
Emission Control Thyratron RCA #2050
Fore-vac oil - DTE liedium Heavy «
Diffusion pump oil - Litton
Diffusion pump heaterss Kromlock 230V 1Ki
Kromlock 230V 1.25 Kif
Kromlock 230V 1.8 Ki
Peaking KV reading voltmeter rectifier tube
RCA #2X2
leach relay DIDT - #1357
Pilot lights ilestern Electric #34 lamp
Fuses: lLittle fuse 5 amp.
Littls fuse 10 amp.
Little fuse 15 amp.
Link fuse 15 amp. = 4 KV
Link fuse 50 arpe - 4 KV

Spare Units in Operatinghclondition:

UCRL Ion Gauge Power Supply
Dumont #2244 Oscilloscope
Victoreen Integron
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KINNEY MODEL 8-8-(1

N , ' RADIATION |ore 2\/7, 4
188YED DATE PELIVER Jos DATE MAKE LABORATORY , 7
L?:Eél;cvh:ggssmgsnz NOT UNIVERSITY OF CALIFORNIA-BERKELEY
DRAWN BY rJWS CHECK BS’(O/\"L,. DATE 9_29’ 4_8
—— APPI;(\)!VED‘ /1/27)?’%_/} SCALE NONE
SLOAN- X-RAY
VACUUM SYSTEM
_ SCHEMATIC DIAGRAM
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