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An acrperatus for the prscision msasursoent cfi tre
charge to mase ratio of ths elsctron by a direct velocity
method 1s descrlbsd. Thls zopzratus uses a resonant
cavity as o veloclty selsctor, A carefully collimated
beax of elzectrone 1sg deflectzd by the rapidly rotating
pmagnetice fleld produced across the center of a right
circular cylindrical cavity operavsd 1o two Tl modes
exeited 1In tlme and space guadrature., weaswsument 1s
made of the beaw voltages for which ths beam rsceives
nce net transverss veloclty frox the cevity field. Thsce
veltages corrsspond to transit tlues of intsgral nuxber
of cyclzsg ol the flesld. From ihs cavity lenzth and
freguency the elesctron velceclties ars celculatsd, and
from tl:zse velocltles and the corresgonding velbages

the charge to masec ratic 1s obtalnsd.

irelipinary rssults ars presentsd incicating that

ot
*

12 attalnable accuracy with this instruxent should be

92

gtier than one gzart in ten thousand,
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in the gsst fow yzare =2 brililant essrlise of nsw
sxuerinents,
advance in wicrowavs tacknigues during world w«ar 11, has

zffectzd a continuing trancefcrasztlorn in the status of cur

T, o T ey o . 4 I . [ | - -y . HET oy g
wowlsdpe of the fundunertzl atonle constante, imcazuse of
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the interde.crndesncse of ths varlove conegtants, ths ilxorove-

zznt has besn genersal, z2nd ot lsost looroved has besn the
chargs Lo Lass ratlo of the electren, In 1847 the least

kS

gruarss zdjvetosnt of Duiond and Lohen, bassd on all tha

o/m = (1,75G2€ + 0,00027) % 167 sy,
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aquoted Ly thess

o/m = (1.75333 » 0,00008) x 10’ enu.

he errors sre trhe standnrd errors of the overdstsrmlnsd

svetaers ¢ mzossursients which constituts Lioe Lrniut dats,

The lesst squares =2verozing le greatly to e sreferrsd

tc any individusl deterolinstlon as 2 weene of stating a
mogel Lrobatls valus of wpn atg.lc constaut, For the

sur.oses of this .azosr, howsvsr, 1t wlll be lnstructivzs to
consider the wodern sxserirsntsz which lecl dirictly to e/ne,

smict ig to say e/n in selectromasnstic units. all racent



detsrminaticns ol thls constznt deosnd on bhe creclslion

determination of 2 nagnetlce [ield., The rsason [or thls
. " ER - - EST 1 bl S ESN - £ N .
sltuation lg e=2s8ily sser Iro. the dimzeusslionality ol the

constbont., In & cure aszgnetlc fisld a crelling siscLron

oteys the low 2EBwr = ww

Thus, in orircicle, the seasursusnt can 03 nacs Lo dsvend

for accuracy on 2 frejuency =zand a nsgnetlic fleld.

1y PP & o,
The —oderm method ol sia ls
Z
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the orobton rescrnsnce technioue dsvaloosed at marvard”.

2

Protons in 2 hydrogen rich wzterial such ae mineral oil
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ra slucsa in ths fleld fe be deteralinsd, znd the freguency

I

to flilp in the fleld, is aeasured by aeans ol Lhe gnergy

soscorbed frow a radio frequsncy tickler coll., The Jre-
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sueh & azethod 1s greaster than the sreclslon with wiilch a
Loagnstic fi2ld can bs absoclutely weasursd. Thomas, Driscoll,

vicn
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4 - Yk o s
snd Hioole heve wnde an 2xcesdingly careful dsteriine
of KP in absolute units at the Jz2tlconal bursau of Stondards
obtalning

Zﬁ(@il) = (2.67322 + 0.0000C) x 107 ssc¢” traue

[ £]
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The stated error of 22 parts per milllion limits the sre-
cision of all wagnetic field tyoe measursments., zZfforts

ars under way to lnprove thils dstermination,

A direct comparison of the oroton resonance freguency
in oll with the slsctron cyclotron freguency has been made
by Gardnsr and furcellB also at Harvard. Their result is

We/Wp (011) = €57.47% + 0.008
a stated error of 135 parts per million, Ths electrons in
thle exceriment zrs fresg and have nearly thermal veloclitles,
Combining equations (1) and (2) ws sse that

e/m = fJp{oll) We/wp (01l) (%)

(1.75390 + 0.000C5) x 107 amu

i

where the errcor results from combining the errore of
Thomas, Driscoil, and Hiopls ang of CGardner sand rurcell in
ne szuare.

Ths work of Gardner and rurcell has recently besen

-

superssded by the work of th:s atomic bLezws laboratory at
Columbla University under I. I. Rabl., Followlng up the
discovery 1r 1C47 that the nagnetic moment of the electron
1s not exzctly one Bohr magneton as predicted by the Dirsc

.
o ' . . . . . ;
theory x this group inltlatsd an extensive investigation

intc the hyperfine structure of varlous atoms having one
839271'0 - . . -
electron sosctra . This work cuiminates 1in tne

v L _ 11
measurament by Xoenlg, rrodell and ¥usch of thes Leeman

splitting in the ground stzils of hydrosgen. From this



datum they obtaln dirsctly the magnetlic mowment of the

bouni =lectron and hance witr a2 ralativistic corrsction
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ths wzsnstlc woment of elactron, agaln 1n tsrms

of Mp(oil).
Ms/pp (01l) = €53.2233 + 0.0006

Simultanecusly, on a suggsstion by Schwinger 2,

',“J

12 - .
¥arslus and ¥roll™ ™™ have calculat2d a radiative corrsction

term to th

&4

glectron magnstlic moment. In terzs of the
fine structursz constant and the bohr magneton Moo= et/Qm
they obtain for the 2lectron magnatic moment

Mg = Mo(l + /201 ~ 2,073 o<2/ﬁ2)

= Mo{1,0011454)

It was for the ourposs of veriiving thls calculstlon that
Koenlg, frodsll and Fusch made thelr measurement. If we
comblne the rssult of Karplus and ¥Xroll with that of
Yoenlg, frodesll, =ni Kusch, we obtaln

Mo /pp (011) = 657.4757 + 0.0006
glving atbt once corroboratlion of ths work of Karglus and
¥roll and strength to Gardner's clalm that his guoted
error i1s conssrvative, Combining this vslue with that of
Thomas, Driscoll, and Hippls we obtaln

e/m = (1.75390 * 0.00004) x 107 emu.
This 1s one of th2 orimsry input data of the latsst 1losst
squares adjustment, the error btelng entlirsly attributaktle

4o ths sxperiment of Thomas, Driscoll, and Hipple,
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Clearly the rsqulremsnts which a debteritinatlion zust
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mest Iin order to be slgnificant have changed radically

@

since 1647 when the most accurats detzrmination of e/n

~ PP & TV s 3 14 * 3 - - PR}
was theat of Dunnington Wwith an accuracy of thrse parts
in 1C ., 1In soite of thie fsct, the prsssnt sxpsrizent,

whick had 1its inceotlon in 1C47, appears capable of making

oo

a conbributlion Lo the gsneral Xnowladge, Phs experiisnts

4
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orn which the present lzast sguarss it dessends ars

>
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in munber snd show an ianconslstency beyond that to be
gxpesctbad frow the quoted probvable errors, A largsr body
of evidencs derived from sxperiments having confidsnce
limits of error betbter than 10C sarts per million aocpears

-
3

greatly to bs desirsd,

1.1 Dilscussion of Fethod

Dirsct velocity measursezents of e/m are not new. In
1¢30 rerry and Chafiesl® achizved an accuracy of about
six parts in 104 by & method not greatly dissimilar to
the oresent one., The mathod consiste of accelarating
iectrons witlh a ¥nown voltzge eni ineassurins their velo-
city. +the method offers the acvantage that standards of
voltage ars easier Lo obtaln than magnatic fisld standards.
Difficultlies are sncountezrsd 1n knowing exactly what
enargy ls transmlittsd to the slzctrons, howsver, bscausz of
trerzal and contact dotentials, surface wor: functions,

and soacs cnarge effzcts. In princiosles the measuremsnt
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of veloclty can e made 1n tarms of =2 length and a time of
flizht, both of which ars eaclly me=sursd guantitiss

Pifficultiss sre encounters=d agaln, howaver, in knowing

exactly wrhat the fleld configurations snd slsctron trajsc-
torizs are in the azoaratus 1n whichk the veloclty is

determinsd. Furthsroore, ths method has charactsristically

low resolution bscause of the excesdingly small paransters

p,

orn which the mezsursmsnt mush desen

In th2 method to be discusssd here many of the above
objections have baen overcome. slactrons origi
a very suzall arsa of a directiy heated thoriatad tungsten
filament are accslerated to potentlals of ons or two thou-
sand volts and ars pascad In a2 small, carsfully collimated
beam throuzh the center of a uresclisely coastructad radio
fregusncy cavity operating in such a combination of modss
that tha slszctrons @ncounter a transverss magnetic fleld
rotating at a fragusncy of about 2613 megacvcles., The

2
2

-

i

ctrons are deflected by this fizld in a manner depending
n the time rsgulred for sn slisctron to cross Whe cavity,
in particular, so called resonancs velocllbles 2xist, at

which velocitles the elsctrons leave ths cavity wiik no

)

net veloclty coumponznt transverss Lo the orlglinzal dlirsction
of flizht, Ths rzsonance velccltlse corrsscond closaly to
these for which the slsetrons traverse the caviity in an

Inbtegral nuwber of cyvelesg of Lhe magneilc [leld,



The tschnigus of m2aguremesnt is to zeasure ac a
functlon of bear voltage the small deflzctions producad
by the cavity fizld 1n the nsizhborhood of a rssonancs
" voltags and obtaln thaet voltage by intsryolatlion. Ihe
measurement is performsd under sinilar conditions of the
electron sourcs for two r:sonanc2s corrssjponding to
different nurbers ol cyclss transit time. [hs veloclties
at the two rsscnancss ars then, without several corrsec-
tions, Lf/¥k and Lf/n, whers L 1s the length of ths cavity,
f 1s the frequency, and k and n are integers (ln ths case

to be reported 3 and 4). Then non-ralatlivistically

o(Vy - Vy) = ((LE/X)° - (1£/n)%)n/2

. 1312 2 2
e/m ————-————2(\,1{ . (I/k° - 1/n%) (1),

Nonz of the many corrections which apply are largs enough
to alter the genaral charactaristiecs of equation (1).

Ons of the princlpal advantagss of the method 1s
immediately obvious, By taklng the differsnce between
Vy and Vn for elmllar condltione at the cathode the many
lmponderables relating to actual zlsctron voltags cancel
out, The elsctron gun 1s constructsd in such a way that
the fleldes at the filamsnt ars indepsndsnt of total bean
potasntial. Leasurements are made by detarmining two
regonancs voltares 1n qulck succession and taking the

difference,
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It is belisved that the factor which will ultimately
limit the accuracy attalned with the praessnt agparatus is
ths abllity to resolve the r:zsonance voltages. Many other
factors affecting the possible precision must be considered,
however, In the next fsw sections the structurs of the
apparatus asg 1t gzffects the prscision of the neasursment

will be dsseribad. Further chaptars will discusgs the

problems involved in grsater dstail,

1.2 Factors Affecting the lLength Measurement.

The length to be determined, I, is the length of
the cavity traversed by the electrons. The éavity 1ls the
usual pillbox type, a right circular crlinder with plane
end walls, The cylinder which forms the side walls is a
ring ol molybdenum of outside diameter 6.5 inches and
inside diameter 5,487 inches, this being the dimension
which determines the frequency, The wldth of the ring,
1. e, the length, L, is known at present to bs 1.1954
inches by micrometric methods. The end surfaces from
which this dimension is obﬁained are ground flat and
parallsl with high prscision, measuremsnts with an elec-
tronic comparator indicating that they arse garallel to
within ©.00001l inches. Molybdenum was chossn for the
ring because 1t provides the most advantageous combination
of low tﬁexmal egxgcanslon coefficlent and high thermal

conductivity.



The end walls of the cavity ars 1/2 inch cogssre
2lates elsctro-latsd with aboutr 0.02 inch of chromiun
which has besn ground and polisghed optically flat. Thse
figurz of the surfaces 1s slightly tsupsraturs ds.srdaent
Lacausz of bimstzlllec =ffecte, The teuperature of the
2lates 1s regulatsd and the hesat dissioatsd in ths walls
carrisd away by cooling watz: clreulated thiourh coils
soldersd to ths backs of the platss. Great c:rs has bsen
tezen te avold introducing mschanical strasses into the
2lates wlth ths watsr lines.

The contact betwesen the and platss and the ssecer
ring is guarantsed by ths f:2ct that the mods in which the
cavity operatss 1s one 1n whlch currents must cross the
Jointe. The 3 of ths cavity is critically depsndent on
the juallty of thsse Jolnts. Fortunately both surfacas
ars near optical flats, and contacts glving very clos:z to

th

(0]

thsoretical 9 can be cbtalned. It sssws resasonable

to assa2rt that L can bs detsrmined to bstter than one part
in 10° insofar as 1t 1s desteriined by the ginysical dimen-
sions of the cavity.

Several correctlons to the cavity length must be
apolled, The electrons entesr and leave the cavity through
1/8 inch diamster holes cut through the centers of ths end
plates, Thses holee ars of nscessity very prsclssly mads,

The fleld of ihe cavity at the holee has bsen thes subjsct
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g vary 4ifTicult czlculsztion by srofsssor w., li, Zoyvths i .
Iz sffect of the holese l: bo inciszase the z.psrsnt lsngth
of the c»vlly by sbout 1.5%., Ihe siin eifsct 1s nobt ne

1lgibls, the crroxlum surface having about the resistivity

of gold, 4t the fresusncey used ths skin dsutn is zbout

The field actually cncountered by the elactrors is
that of wwo Tiyjp modss et right angles to esch other
gxclbtzd 2 gqueiter cycle out of pJhasse, The resulltling fisld,
while 1t 1&g sverywhers 1lndspendent of the length veristle,
z, (2xcsut 1n the region of the snd holss), 1s = purs
zagnetle Ti21d oniy gt the center of the cylindricsl wsll.
Off axie ths magnstic fleld fzlls off slowly and slectiric

fizld componsnts make thelr agusarsnce, The calceculation

p0r2 Cetallzd conmsideration will e glven 1rn Cheoter 2,
& =

1.2 PFactors Affscting the Fregusncy weasureuwsnt

The power o drlve the cavity ls obtalned from two
Sperry type 8529 Xlystrons roted at 100 watts output each,
[rews two ars driven by a slingls Sperry tywe Sid~C reflex
¥lystron through & plusklng system wrlcr. provides for

adjusticent of chase2 and segnltude of excitation, lThe

Al-C is gowered by & highly steble supply and sives undsr
€ o o <

W

opbtimuwr operating condltlons about four watts at 2018
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epacyclss Witk 2 nolse baudwldtbth of about 20 kiloceycl:zs,
rover dslivercd Lo the cavity l1s lese trhan 50 watte in

esch node Dbecuuss of the difflculty of oubtaining urooer

=C wattes corrssoeonds to a £ileld in ths cavity

slgnal Ifrou troe outpubt of one of ths -ower slystrons

- . %, -~ ) , t'h - " 3 Fal [, [ - e
agnlinst the 2¢€10 harwonlc of a ong wegacycle standard
crystal and weasuring the aiffersncs freguency with a
calliratsa radlc rectiver, Ths crystal is in turn czli-

o

brated by compacrlison with the stundard fregusncy clgnzals
s

troadcast by the ational Durssau of Standards. Ihis

wessurecsnt cen 2aslly be wade to any sccurscy reju

ol
o
@©
(o}

gstlimailing, 1f necessary, the center of the outyutbt nolse
ktand. At present the reflex rlystron shows a tendency
tc wonder In frsquency ovar about 2 50 kilccycle band
and must e ¥ept on frequsncy Ly zmanual zdjustient of
the reflsector voltoge, the z2ctual freousncy determining

seranestar

ooms form of autonutbtic frsgusncy conbrol

°

! ! iyl L &y Lot PR S PN ~ e gy .
<4 Factors aflfecilzng the volbaps wsasure.ent
T [l P L N T e T T LY ey gy T S
e fzaturs ¢f Lhlgc Ze hod of C@LLC@']..L.’..L.'.;;, Lthigrnal and
~roynthant tentislie Yoo eplresdy oo ¢ aoad 1o is
ConLACL oltenivl=ls ras aliresaldy Dzsn digcusced. v 18
oo T m * e . L e S 2 -y -1 N,
felt thzt wlith Lhese dliflculties 2liminatzd the linmlt
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of accuracy of ths voltrgz measursaent iz sst
secondary standssd cell bany avallable at thls laboratory.
This bani of six cells was calibrated at ths Lureau of
Stzndards 1n 1845, and the accuresey of the -rsssrt sesn
of these celles cuan be estliratsd froa intercomcarison of
the individual celis. The cells arc gseruanentl
ir z very fine thernzl resguistsd box constructed by

Lr, Jchn Harris ze cart of hle zctivities in ssttlng

up the standards laboratory =zt the Iustltuts, It 1s

fd

§h

stizony to the guzlity of hig work that the msan still
ansears to bs good Lo ons lart in 105, closs bo tha
ultlizate ettalnebls accuracy ol sscondary standsids,

The gctron beax voltogs ls couit
cells callbrated agalnst the seccndary standard banlk by
means of =z gsreclslon voltags dlvider constructed also
by ..r. Harrigi? ard ¥ini 1y lent this croject by

srofeesor J. w. DukMond, Ihils remarkabls instrucsnt

W

provides o voltrge retio of sufficlsat Lreclsion to

repove 1t frox srror considsrsticns,., For furthsr conslid-

[0)]

egration of the voltage nmeasursisnt th: ader 1s relerred
to wr, J, 1. Leuritzen,

The volitage to accslerszts the slsctrons ls obtalinsd
from a highly stabllized susoly which le centinuously

variable from €00 to 2300 voltbs. I'his susuiy 1s subjscet

-1y
ct
ry

¥
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to slow drifts, principally therwszl drifts o



betterise, but can ke rssst to about + C.C2 volts ovsr
vzrlode of 2 few alnutes., Ite volbtag: can be monltored
continuousliy be thre voltage standardizing epraratus,
lginates frouw & thor-
esten Tllziwent conetructed frox C.013 inch
wirs tlightly bent into a helryin snd ground flat on the
tios., TIhs ares from wiklch electrone orizireats 1s liwlted
by 2 wolybdenum stoy of dlametsr 0,02 lnchszs placsed
about C,0C% irches in front of ths tip of ths halruin,
Because of ths focueslng action of the gun, the sctual
source arsa for the beam uvsed 1s consldsrably smallsr
than ths stop. Filament voltags, about two volts, is
battsry 1n series with ballasting

g
lamgs, The high voltags 1s inszsrted at the wmideolnt of

ot
rs
[

bty

llament poterntial by means of a balancing rssletor,
*he avbovs orecautlons ars bzlleved sufficient to pravant
the fllament supoly froo introduclag sither appreciable

uread 1 olta

voltegs drift or asgorsciabls

n

ol
<

e .

x

L)

The ilement is opsratsd 1In the fileld of ths first

o

anode of the electron gun., fhe Zobtsntlal of this ancds
1s malntainad at 300 volts inderesndsnt of toctel bsau
sobentiazl, Ths fillasent ls cogoerated tezpercivrs lislited,

3y these usurns the spgread in voltage of the elsctrons in

i\
o

ept srall and constant from ons resonancs

d=ztereinabion to the next,
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1.5 Factors Affecting the Resolution

It seesms clear that the ultimete accurscy with which
this experiment can be cerformed will bs set by the
attainavle resolution. The two resonance voltzges chosen
lie at approximately 1154 volts and 2061 velts respectively,
The difference of about ¢07 velts ig the guantity to be
regolved, Unforturately, princigally becauss of osractical
limitatlions imposed by the collimation, it 1s not ocossible
to measure directly the point at which the deflsction
produced by the cavity field 1eg zero. Smzall deflesctions
must be measured over a range of o few volts each eide of
resonancs anc the resonance locatzsd by interpolation.
The deflectlicon sensitivity 1s sxceedingly low, and for
this reason the collimation of the beam 1s of cruclal
irportance,

Collimation ls achlieved geometriczlly by passing
the beam through twc pinholes spaced nearly five fest
apart, The first is in the zlectron gun and is of dlamster
0.002 inches, while ths sscond, of dlameter 0.0025 inches,
1s located just besyond ths exit hole of the cavity. This
location elizinates from consideration small dlsplacements
of the bean suffersd during passage through thie cavity
field. ralns are taken to se2 that no fislds other than
that of the cavity act on the beam, the entire length of
flight belng shielded by concentric layers of wu-metal,

The beawr after leaving the second collimating pinhole

drifts a distsnce of about 30 inchss and falls on &
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in wiich is sunched a oinhole about
0.0C% inchee in dluneter, ap.roaliabsiy the slze of the
bean ag Zzbsrzined by the colliuzzting systew, Decause
oinhols can be pade inlinitesiasal, ULhe LSan wo2s
not havs sharo edges, Thls fact accounts for ths 1lupos-
gibllity of deterainirng the resonarce voltage dlrectly.
The quantity xsasured ls the current gasseling Lhrough
the oinhocls 1n the ccllectins screen, Jhis currsnt is
collected in =2 Farsday cuy and csasured by uweans of 2o
vacuur tubs electrosster having the one-half Leter long
gcale of a nirror gelvancuwstbter for its crseentollion astsr,
The actual rasunge of voltags veristlon on the gria of the
slsctronster tubs 1s lsss then one tenth of & voltl.

By thls means a2 highly lirear scales which can be read

©
Cus
*

with prescisiorn 1= obtelin
The current rscelvad through the uvinhois is a very

nearly lingar functlon of the angular deflection of

the bsan over a ranze of deflsctlone for which the

uniforily i1lluminated ortion of ths sgot 1s deflected

€0 as to be cut by the edgs of the glnhols, a wore

dstaliled discussion of this fact will be srzeentad 1n
g latasr chastser, o a firsw dsoree of sovroxl.latlon the

iz, where I lg thes magritude of the magrnetlc field, W

is 1ts angulser frsgusncy, =2rnd L ig the tine an slzciron
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1g 1n the Tizlg,
220
& = =% slnowt/2 (1)
For B of thres gauss the coelficlent eB/nw = 1/311.
1 we let L' e the offeciive lsrgth of ths covity with
4 - o 5y e c e 1C
end nowss, wWe have for o first ao.roxlusbion~™
. ’ - v
L' = 1 + 2(0.149r) = 1.214 irnch (2)
whare r 1s the raclus of the sutrance holss, C,0825 inch,
in terie of the elesctron velcceity, v, ths tizs to cross
ha coavity 18 t = L'/v. T[Thug the gernaence condition is
wl'/2v = nw, the rzlstionshiy used to derive 1.1 (1).
Using thic atlonshi, and the ensrgy sguation 26V = wv©
we obbaln for ths dellscilon sensitlvity at the resonancs
corrzssondlng to ilateger n and voltage V
AT e mpy S0 2.
de/u\] = .U”m (J)
Thus =28 & dletancs of 50 1nchse frox tres sxliti of tre
cavivy the linsar deflsctlion sensgltlivity is
2 a7 . =~SDBnn
u.r/u.J = DOm
= n/2V  inch/volt (4)

Ire result

collectcr

of »lotting ths current through the

sinhole 2s a Tunction of bsaw voltags for

constent a2z litude and fregquerncy of the cavity fisld ie
a peak of currsnt in the nslghvorhiood of each resonance

having very ne

thsir

ar
olottsd agalinst

center

\,\.‘\A.

ly stralght sidse and a roun tey.

J”1/2, these peeks ars syrmoetrical
¢ dsterwlns Lre resonancs voltagee,
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aosd on Lhe

of equztior (4) is bes

assu...blon that the [1s1d of thz caevity tesrminstes shor iy
at ths sdg i oadaitlon o ircreassing ths =._arasnt
length, the 22i holzs reduce the daflsction ssnelitlvity
sosewhet, particularly Tor the 1154 velt peal, On the
basis of ecuation (4, we would ¢t the half widihs

of ths currsnt oealls, corres.ondin: to dzflisction =aual

to the dlcuwstsyr of the Dboaw, to bs € volts at 1154 volts

and 14 volte at 2060

fi21d of thrse gaues

OUbviously
be ra2solved to a ten

on zxper

zood shage ar:z regul

Lo as ore

£004

=
(-

The vroblem of re

sufficlant stablillity

tho mccuntliatiorn of
snothsr, l1n view of
corrssuonds bo o daf
thie l¢ narka not
are: discussasd ln 4zt
oo osars s0s8sibls o
runs of #+ C.1 velte

Staticstical

course laorove thls

Lhe ass

imentsl evidencs,

=¢lslon

2 . - S,
intersrs

+1n
Lo

volts, Actusl wid for a cevity

ars avout 1C veolts and 13 voltis,

A
A

-

&4 a

zrtion thaot pea¥e tils brozd can

i of a volt or bettsr can

rest only

Actually peaks of sxceptionally
arly obtalnzd, the sidss being stralght

28 bthg lrstruusntatlion serulus,
solution rzduces to one of cobtalanlng
of beam and cavity fleld to osruit

ccbe of poluts consletent with one

the fect that ths desired rssolution
igctlon of less than 001l inch,
surprisin The recolution _rosg=zcts
21l 1o thz chacter on izsulte, 1t now
obtain coculidsncse limites on indlvidusal
for ths difference bztwesn psa¥s.
bation of =2 nuabsr of runse can of

fisure,

%
L
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The stebiility sroblzsns wesntionsd 1n th: prsvious

[
[0}

ction ars those of Lsui cosition and currsnt and of
cavity field su . litude ard fregusacy. Lhe latisr two
ars Jrotlere liulitsd by trhe availabls zo.arsatus, [hs

Ylystrons used ar: rsgorded Ly Seerry as sxoerimsutal

aodels and are used hare in an =o.liecs

cr

lon considesratly

diffeorent fro. thot contonolatesd for them by thelr de-

w

lgngre, They work excsellngly well, the rsquirenents
of thle experlizent ars stringsnt, howsver., by carsful
monlitoring of augsiltuds and frequency and good stavilii-
zation of power su¢plies 1t 1s Jossitls to obtaln zde-
quate stablilty over sufficient psriods of time to obtaln
dsto, Rasld accunulation of destz 1s ess=ntial,

The Iroblem of obtalnin, an adsouats, well colii-
ratsd bean which leg stable in peosition to 0.0001 inch
and whose positlon and current are nsgrly indecendsnt of
voltags has besen the major sxgecisentsl sroovlen accusying
thie grouy for tiie pcast thres yesars, Lifficultles aricse
orineigally frou the tzodzncey of surfaces exypossd Lo the

beam to zmccumulats chargesd lasulatad laysrs and frow the

|

terdsncy for slowly woving cnacrgsd lons Lo accumulate in
the vsam, Boih effscts prcduce undsselrsd focuslng or
defocusing <ffescts and téend Lo fluctuate wilth perlcods of

the order of ssconds. sroblemeg of czthods sulisslion



stablilty =nd 1lifs puct also be facsd, Oxids cathodes,
in solt: of certeln =dvantsgss, have bDeen found too shor

7

@

4 in ths bset vacuum obtalnsblec in this cystsii to

xS

-
L

e uszd., ail the undesirabls sffecty are at leasgt

oh
i
w

indirsctly dus to residuvel =g in ths syvetewn., For
rezeson effort has bssn spent on oblaloln, ze good a
vacuuws 2g o0ssidle.  Uslzn: continuvous o0ll diffuslon

L

of about 2 x 107
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sunsing and cold tragiing 2 or

1

willlzetere of asrcury has been resached, [Ths coac

ct

7]

vy

P
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lg preduced
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=

tlorn of volzatliles 1n the zlsctiron gun rzg

by local colq g, 1t ls felt that thssge sressgursg

jol
ot
H
e
"
o

o

- . o T s . P U FUSOT S S,
grz as low oc c2n bz vseched rn 2 syzten having 2¢ much

metal surface as thile conz withoul resort Lo locel punzlng

~&riodic clesaning 1 the cney sclutlon to the urobe
lem of charged lavers, Tthe cold trasg in ths slectron
gun rzgion grently inerssss the Daricd batwesn cleanings

fu

hese are fllied only wher the fun ie being olerated,
Carzs ls token to have the Leam strivs no unnecsssary
surfazces, Currsate in the cavity rsglon arse go low tuat

the second coliluwating plpkole rarsly regulrss cieanlng.

The sclution to ths lon sroblem 1s to havs no 1ntasng

. e e ey e O N - T S P DR $Np P Yoy Pl . .
bezine pass Lioroulh regiong whesrs therse are neo fislds to

swaen out lons, 1In thne fivs foot drift sgozcs after the
bzan leaves he flret colliliatling Jinhols, nscegsarlly

Tleld fres, totsl DLzaw current cannoti

e

-

0¥
-
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£
.
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than 1077 guperes, An ordsr to yisld usable intenelty st

the sz2cond collizating olnhols the z2lsctron sun must

produce 2 well colliisted bsanm, The pgrasent sun croducss

)»{:J

2 besn which ls about one guarter inch in dlasster when it
falls on the viswing screen contalning the erntrance hole
te the cavity. Sirce the sscond colliwating sinhole is
0.C025 1nches 1ln diameter, the corresponding maximuw bsam
current is 2 z 10-+1 amperes, Al Lhis intensity the
emlission from the flrst collisating pinkole 1s zbout

250 amperes per square centiunster ser stsaradian. [he

of the beam swall, when thse slsciron gun is clsan, the

motlon of the s.ot 1s lwosrcevptible z2s voltsage 1s in-

|

crzas2d Cromw 11CC Lo 2100 veolus,

L

@ present princlgal cause of beaw instzbllity at
the collsctor glnhols 1s & coxbination of chenoaens most

tehy ewlsgsion fromw the

)

of which hzve been mentionsd, o
thoriated tungsten filawent and fluctuating charging
gifects In ths slectron gun cause 1lnst tililtise in the
intesnsities ¢f current delivered to various parts of
the bLeaw Talling on ths caviiy entrancs hols, In addi-

Lion to causing thks neasured beam current to fluctuste
[l *

orooer choles of

2 effect which c2n bz wininizsd by

the part of thes guarter inclh besan asctually ussd, thsee

irstabilivizs sreducs fluctuatlens 1o the lon cloud and
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causz the coslition of the vezuw on ths weasurine vinhole

to fluctuate., when thess Tlvctuabtlone resch the ordsr

of 0,001 funches, trney -revent a2ccursts . lacswsnt of the
bean on bLhis finrole and hence accurabe aessuréersz..ts of
deflectlione 1n the ipwesdiste nsiznbornood of the resonznce.
seogursients Jor larger deflections are lees affsctsd
bacausz the bsanm is blown u. to largsr sizs., This
effect 1lg sgeen to bLe de.scdent, In cart, orn the bsaw
currsnt used, aznd ls another o0l reason for desiring
Lo orerates at lese thaen mexiawe currsnt. The szount of
difficulty srcountersd from this effsct varles from day

4

we day end frow geak to seak and accounits for Lie obezrved

]

variations 1n gualiioy of runs. [he accumulatlcon of
satlsfactory dats is 2 slow vrocess and conslderably

deyssudent on bthe sklll of the oparators

1.7 Hlistory of the rrojsct
The method whlch has been dszscribed 1s ths outgrowth

of 2 study undsrtaksn by Dr, Charles k., wil%s, then a

graduate student, at the rejuest of rrofesscor w. Kk, Suythe,
who wished to invsstlgate ths possitility of usling the
microwavs asgsratus aveilsbls after vorld war 11, Dr.
wllte conciuded tret a dirsct veloclty asasurswent was
fesslvle using transverse dsflection by uagnstic field

1rn 2 rescnating cavity., Irn 1847 he dssignsd and built
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a very sguccessiul sllot sx rent dewonstrating the

-

possibllities of the asthod. Irn ths saws vesr

br, Goorge €. Doceoy, then =lso & gre=dusts swudsnt, bz

L oy aeY ¥ ™, P . B N N T . O TR L D m e oy
bliz worl of Dr. wllts, bubl viith 2 nunber of reflirssents

e zutkor loisned ths srojsct in 1043 when ths
Instrvoent wae In sarly stegss of consbtructlon, zssunin
orincigsal resconsibiliity for elsctrical Jowsr suoply and
Instrucentation, although rigld conpartuwsntalizztion of

work on bine projescl vroved Lo L2 uneroductlvs, dhe great

majority of constructicn and snoy work wag dons by the

*. o

-

stuédants, Thz mejorlity of constructlon was cowmpleted by
120, but 1t scon BLEcaa:s OLVIOUS Lhi.at the early 2stisates

of ths difficulty of the beaw formation problsw were

Ihe project was Jjolned in 1650 by wi, Jdohn I, lLauritus
who assumsd responsibllity for tie precislon veltages
measurenent and gsneral apnelvelisg of tLhe aouzrstus &g a
creclelon instruxzsnt, bLbr, bacsy was forced Lo leave

in 1¢51. He dsmonstrated the sfficacy of thns lnstrumsnt
but 1t was not untll over z vear later that sufficlsn
beam stablliity wes obtalned Lo maks houweful 2 measursient
cf modsrn prsclelon. The slectron gun now 1ln uss wa

deslsned and bullt in ths fell of 1852, work witn the

Cli,
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The s.oeratus lg now & working,
ardvoue orocsdure of collecting
szry to bugh tre neasursnsnt

fells to r. lovritzen.

The sntire work of thics

Dy srofessor w, o, wnythe wlthout wheoegs zuldancs and
gncoursgzaent Lhic work cculd navar have bsen oushsd
through, The projsct 1s sussortsd by

Y
v

with the Office of xHzval hesearch and the Atoulce dnergy
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THaCREY CF ThHL VmLOCITY S5ilaCTOoxr

2.0 The Cavity Fisld
The vesctor votentlal in a right circular cylindrical
cavity oscillating in the TMllO rode characterized by
angular frequency « and wavse number_é:: w/¢c is in
cylindrical coordinates Pr+¢ ZEO
A=xepg ti(fpleos( @ + ¢ Jeos(wt + %) (1)
As 1s shown in Appendlx 1, the vaector potentisl of a cavity
excited 1In two such modes with arbltrary space phase
angles Y and time phase anglss « can always be rzduced to
the form
A= 1§2ﬁ°1J1(§[D)(Blsin(fcoswt - Bocos ¢ sin wt) (2)
by prover cholice of time origin and space coordinates.
Using ths expansion
Jiy(v) =v/2 - v2/16 + v2/384 . . .
we write
A= a1 - (g3 ()2 L L0 (3)

where

o
|

o = }5(}31() sin{coswt - ByP cosfsinwi)
= k(Byycoswt - Bpxsinwt) (4)
From A, we calculate B, = VX 4,
B, = iBjcoswt + JBysinwt (5)
In this experiment £ = 0.55 cw ~. The circularly solar-
lzed case, Bl = Bp, 1s slmpler to treat than the zore
zeneral 211l1lotically polarized case and will be considered

first.
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also be ne; lacted, Jr. Dzcey has obtalned sqguatlions

wotlon for the clrevlarly solarizsd case in clogsd form 7,

w
B, = b sinwt

and for Initlael conditicrne at t = 0

* L[]
X =v = 0
K

mass corrsction associated witn v, hs obtalns by golng
to z  ard intsgrsting the resulting harwsonlce equation

Lt) (2)

. ~ 2
7z = vi~5(w = & LTco

n

-2 Cy s N
v = - wbvy (1l - coski)sinwt - vk .

o

2 e .
=zw~ + e, To assist in

Gefine 0= ¥ -« w and viaw

t veloclty -2,
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Dafining
r = x cos 2t - v sin ot

s = %X sin pbt + vy cos »t

so that

ks
l
P
@]
O
n
(&
lu
+
w
[
o
+
e
T
ot

vt + o coec ot

£ &

y = - r sin

ws find that eguations (%) rsducs to
"'r) £y — .
r o= vk (1 ~ cosky + sw lein

-2

s = - bvywy

L7 PR | JERPRE . e T PR /e - 1
We sew in sscblon 1.8 thot 2l/aiw = blw

E - - -
that ¥2 = @ (1 + 1072) and o/w  is of thez ord

)

(einkt + pw ~ginltcosit)

r of 5 x 10

1/200 so

Igroring the p/w  tern we obtaln for the maganltude

transveress veloclity

(iqg 4 82)1/’ = 2hvw 11”2 lSin kt/2!

o
o
P

Zgustion 1.5 (1) fol

through sharsly dilscortlnuous boundariss,

liredlataly from th

fath

ugorn assuvulng that the beaw sntsrs and leavss

the gssumotion thet 2z 1s constant., Undesr thile

in tha x 2nd v dirsctions to obtain
= bvu)“l(l - coswt)

. -
y = - bvw leinwt

ﬁg(

X - X = vw wit - sinwt)

-2
Vo = bvaw (coswit - 1)

§4
i

€

[&]
i

Co.perison of snuations (3) with =sgquaticns
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have mads a sli.lis caleulatbtlcn bassd on
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solutlion

incoroors

sen estlmatsd by averoglng over

e

I oo sxact sclutlion had been
¢ the firsct crdsr slsctrio

ity Louritzseso, no effort to regsat his

willl be
ster will

gifecle
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T o e A 1 Ly e F Y
instesd, tre reuxoinder of thls

m

-
approxisation 2 = v to brsat

Nals oy Yy S T o
fisld cen bz taksrn as that on

wors detsiled trestasct of tre
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A bresotient siwilsr Lo that dsscribsd alb the snd

£ ths oravious gscitlon slvse gluxilar resuits for tre

cep by e e L . Vo e~ s oen = N PR PR :

avity aws frow the holss, zero outslas ths cavity
hevond 2 Trinsins fislids ans hes irnterpsediots volusse

<y VI L0 L LR R0 LIng T . IO SRS 51 PR VIS QP ENA 20 QRN P e 2 3D

inlaway bebtween ths =nd

7

tims L = 7T, we defins new fixed coordinatss X, ¥, 2z zuch

thet at Liuwe TV ihe vsetor B is in the o dirzcticon. IThus i
- 2 z - 1/2 =
=( ) = (Bl cog“wT + nyTsin~w?) / (%)

W nave

Eix = By Dycosw?/E(7T) 4 Ly Loeine /(T

4

B, = -2, Zzsinw?/3(7) + . Ejcogwr/ (7))

from cxvabion (2) ws hsvs

oo hY -
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B, = f(a)(l/B(?}}(Blaooqutcosafr+ E“:"lncvtsinufﬂ
(

Z =
By = f(z)(Elza/E(ﬁﬂ)(sincutcosufT- cos witsinw>) -
EY ls obviouzly = function of (% - 7). s car zxorses sy
siullarly by expandiling Clsin(t -7 + Cocos(t - 77) and
consoring coafiiclentz,  ithus
Ey = f{z2)(Ly” - 512)(5(7V)) cosw?sinwrsinw(t - 7)
+ $(z2)5( 7T )eosw (L -7) (€)

g:)
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whers 2., and ;Y ars the transvarse couwconsntes of wmouwsntum

o)

and we have taken account of the sign of the charge on the
glsctron rsgarding ¢ as ite nmagnituds only. The approx-
ivation 2 = v, z = v(t - 7) 1ic uwads. If w2 combine
equations (€] anid (7) and ictszrats from tins to before

the slectron enters the fizléd of the cavity to tiae tl

field of thes cavity, ws see that

[y
W

after it leaves b
Integrals of f(z)sinw (t -7, vanish ag inbtsigrals of an

odd functioon, ae are 12t with

i

vg(tl) - Vx(to> = 0

ve( 7)) “flo)ecosw(t -) at

ct
@]

g
|

vy(tl) - v

B(T) = B(7)e(l - vYed)Y 3y (<)

) that the veloeclty 1s tis sous

o

O

The approximation in (
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cavity lg certainly no worss than
the srevious ap roxliuaation, we can integrats sguation
(3, by parts to obtaln
- ..1 t‘l g \ N A - A\
D vy = b( 7T jviw fPv(t - 7)isinw{t -~ 7)at (10
2
For ths slvuation of a sheroly tersinatsd Tield we

zay treat £'(z) zs 2 sositive d2lta function at -1/2

ATy = =2b( T )vwteinwl/2v (11)

which w2 con conpars with esuation 2.1 (7). Eere t = L/v,

<

irofsssor Smythe's calculatlion shows that to @ hizgh
f aovrcexlaation the axizl fisld derivative is

evarstrical about & .oint 2 distance 0.149r inside the

end hols, whers r ls tre redius of the hele. W& thus

- + D USRI B ~ A 2
xszct the integrsl of sesustlion (10 te vanish 1f we

[¢]

adjust v 8o thaet whan w{t - 7)) = na
2z =v(t -7, = nav/w = L1/2 4+ 0,145r = L'/2 (12)

[hie 1g the resonzncs corndltion offszrsd in saction 1.8,

and talks thez derivative wilh rsscect te v, lgnoring ths



maeces through
uni bty as thz slectron gassss ths goints 2 = + L'/2,
sarticulzrly for slowly woving slectirons 1t fsells off
rapldly on Lotk cidocs of onc of those puintes. the
Intsgrai of £'(z) wust be unity, so if the function
£'(z) extends over very great limlte on eithsr side of
L'/2 ths value of 4€/dv, and hencs of d8/aV, is reduced

below 1ts peximum valus obtained by letting £'(z) bs a

a

6]

ita function., lhis 18 indassd bths coee and accounts

for the reducsd ssneglitivity descrlosd 1n ssction 1.8,
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CORDTRULCTICEH uF lHa vACUUE LUBz
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General Descripstion

b

he desglgn and construction of ths vacuum tubs is
dlscussed at length by Dr, Dacey in his thesislg. ke
reader ls referrsd to that source for detasils. Ihe
acconyenylng photogrash and partlally schewatic drawing
will assist in visuallzing ths structure, itumbers in the
followlng descristlon refer to the corresponding nurbers
onn the dlagranm.

The vacuum tubs consists of two horizontal, sluminum
tubes (1) cantileverad by means of welded end platss
from the supporting center structure. Thess tubes,
shown foreshortened 1n the diagram, are 3.5 inches in
dlameter and four feet long. The center structure is
twelve Inches in dilameter and consliste of three plsces,

he welded alumlnum vacuumw hsader (2) which susports

ot
[

[

[¢7}

he entire structurs, the massive brass ring (3) which
supsorts the cavity and containes access holes for water
linss, vacuum pumsing, and radioc fregusncy power, and an
avxlliary mounting ring (4) also of aluwinum. The pleces
are bolted togsther by hexagonally placed bolts not

shown and sealed for vacuum by "C" ringe in the grcoves
shown. The pumvlng tube of the vacuum headsr, Ly wmeans

of which the structure 1s supsorted, is bolted by weans

of the bottow flange Lo Lhe supporiloy frawe znd vacuwun



syston, iheec izcze, togetbthor with ths end Jlats suviuc-
i - 41 sl Eal S T . g o~
vurss on tne lomg tubse form the vacuvun envelope,

Ihe driit soaces inslids the end tubss =zrs shislésd
frow glscbrouzaznatlc flslds by nessts of altsrrnated coo.er
(5). Ibis latber materizl has a wag-
netlc peraeatility for enoll flsldes of 50,C00 or were
when croparly neat treatsd, Shlslding in ths cavity

fficulty, owmall mu-cetal

shotograoh, and by ringe of mu-mstal glzced Just inside
Lhe vacuurL hegader and the mountln. ring, Ihe elfsct of
trts shlelding 1s to wake the operstion of the 1lnstrument
gesantlally indspendsnt of exbternzl fields. without
shizlding, the Barth's fizld would za¥e 1t impossible to
»2s88 the beaw through the tube,

Ins electron gun and acccupanying end glate structurs
(7) are shown geparately (Chapter (). 1{he collector end
slate (38) is zovsble, being psropslled by lerge screwvs,
The sliding Jjoint ie szalsd by an "0 ring. On the

plate le mounted the slectroweter structurs inslids &

@

),.
w
ct
(6]
o
)
[
[(1]

shielding caen, Ths slectrouster Lubs and rasl
mounted inslde thsz vacuuz for srotsctlion zand shislding,
The osositior of thks collector ginhols cz2r be adjusted Dby

£liding ths plats in ordsr to lins up thes laostrumsnt,
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vy of hard chrowlue Wy ths ususl 1adustrisl Jsroc-

2ge,  Ihs chorowliun naz beos Lround o soliersd ooticolly
flet oy the cotlcesl leborabory of Lhs counbt JWilson Vis.riva-
vory, wrazse tubsg, 2.5 inoches In dlaxstsr, wsie fittsd
ireclesly bo bhs end z2ll turning

by reans of thess tubse. 1z .erticular, the 1/3 inch znd

raicoved only vwihern ths plstsess were laused, The brass tubes
ars rameuntad znd susport the scerturzs end deflection
Jretés associatsd with the cavity. 1thz coolling colls on

e - H P Z . e 4
csolderad bLafors turrirng.

wall and = te onada of two hall ving: sloterad and

forgsd by powder setsllurgy nsthods bo wlithin 1% of the

denelity of the element., Thess halfl rings wesrs ground
squars and gold brazsd btogsthesr s

resulting ring was then machlinsd to the sams oub:ir difie



5.487 inchss to fix tlis cevity fregusacy. Four symo
ricazlly placesd 5/3 ioch holss wers dillled throug b
ring to rovids for powsr inlet., The end surfacss o
the ring wzre flnzlly ground zod lasped Lo bs arsll
to within 2bout 1/1CC,0CC of an inch se verifisd n

of & orecision cowparsztor, The hish heat conductlvi

low thesuwal ¢xszuslon coslilcelent, rssictancs Lo corrosion,
end suscesbibllibty to grinding osersilions of wolybdenum
meke 10 the lceal wetsrlal to use, Dr. Dacey has

zlculated that for & dissliuvation in ths covity of 20
watls Lz hest conductsd out through the Jolnts with the
=nd olatze 1s sufficlent to nal thz exoansion nsgliyglule,

sfforts Lo wists molybdonuw with some Ligh conduc-

tivity wetel wers not successeful, Lhe only Jrocess

which wel with success wae welttling wlth aslisd {044,
owvliouely not fsesglible hers., Hsuce the lowszrsd 5 of

vity zsegoclated with the molybdenun had to bs accs
Fortunsbzly the nwoejor o2et Of the czvity surface is

vWirier pas 2 copductivity neorly coiroachling thit of
s tise teoca g oof trle covity 1g csiineatsc

3,000, [hsat the obscrved 3 is 7,000 or Lors

as svidsree Lhslb tne contscet bestween ths 2nd slstes
ne glds ring le 004, fzete nade on & golae lelzsd
dumny cxvity show the ~uzlity of thils contact to be
critical indeeld. [fhe rsduction in obtalneble islds

2Ty
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has Pteen ons of the departures frow origlnal sstlmates
which has had to bz compjenssatsd for,., Iloprovenent in
collimation of the beam has gone a long way toward making
good thls loss., As 1s obvious from the considerztions

in Chapter 2, greatly increased fields would result in
greatly perturbed electron orbits, It seswms that nearly
the optisur f1=214 can bs reasched.

Both end platss and the molybdenum ring ars a very
close fit in the brass ring which supports them. This
ring 1ls exceedingly massive and 1s made of charascteris-
tically stable navy brass., The inslde surface of the
ring 1s turned with great care., The cavity is held in
place by means of pressurs rings which bear agealnst the
outer edge of the end plates, A weakness of the present
design 1e that no means is provided to positlion the cavity
positively agalnst tilt., The play in the fit in thke
brass ring has been kept so small, howsvsar, that only
very slight tilt, if any, can have cccurrad,

The cavity water lines, of which ons sst 1s shown,
are connacted by weans of solder bushings to inlet holes
through the brass mounting ring. The lines zre of soft
copper tublng which has bsen bent into place and connscted
to the end vlates with Imyserial flttings, Ths tublns ls
vent before tightening the fitting so that ites gosition

does not change as the fltting 1s mzade., The fittings



sezl efleciively walber Lo vocous wibth: relatively silght
sregsure.,  wabter frow the clty nalne leg clrculatad at

e hign esezd flrst tircugh the cavity colls ant then

m

througis the klystron powser system, The tsucoerstursz is
mwenitored ag the water lsaves the cavity and 1
be jquits stable, rswzining bstween 169 and 20°C.
K, F. sower for the csvity 1s Lrougcht in through the
nolzse 12 ths rolvybisnus ring. Fours 270 Lrocel holez coe
2rllizd la the brezes mounting ring 80 as Lo be 1o reglistsr
with the 5/3 inch holss in the cavity. I[hrough two of
these sowsr ls brought in by zsans of sectlons of coaxlal

2d 2t the surface of the cavity Lo form looy

)
N
o
(¢}
{n
ry
C
o

zes sezls and

lng ssals so
sbtsd. COne of

shorted srnd

g
o
@
.
-
d
[
1]

Through b obther two holss zre lnssrt

cluge, roughly flush with the cavity wall., Dy meane of

Le adjustzc ovesr very narrow liazlts so s to sake then
colnclidas exzctly In the tlos ol the tiny
1002 couglers connscted to crystal detectors., DBy means

of thesz detectors tre sowsr iIn the cavity 1s .conltcorad.
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Thess slugs ars also sszled with
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are orisntad nearly parasllsl with the cavity fisld to
oprotect ther agalnst excesslive plekup, Zuantitative
measurement of ths flszlde can be mads best with ths
glectron beam. A dlisgcussion of the tuning and loading

orovblems of the cavity wlll be glven 1ln ths next chaptar.,

3.2 LSeam Allgnment and Collimation

Tre second collimating pinhole is mounted in the
brass turning tubs on the exit sids of the cavity, this
tube having been bored 1n register with the czvity hole,
I'his pinhols ies made by ounching a clatinus foll with an
ordinary sewing nsedle. [he foll, 4 mils thick, is
fastened to a brass backling 1n which has been drilled
an accurately centered 1/1€ inch hole., The foll 1s then
placed on a picce of polished hardwood and punched from
the back using the driving rack of a stationary drill
press., The slzes of th:s holes ls deterntinzd by ths depth
of punch, Holss with sdges rollsd slightly toward the
beaws are thus produced with sxcellent clrcularity.
Centering of tke punch 1s by eye and 1s verified under a
rwlcroscope.

In front of the cavity is a brass viewing screen on

QJ

which ellver activated zinc sulfide 1s placed by the

drying of a water suspension., Ihe limlting stop Ior
the cavity 1s zabout 1/16 inch in diazeter zand i1s at the

front of a conlcal protuberance froix the =screen. Ihis
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fhe Dbesan Trom the 2lzcuron gun is dirsctsd cnto the

viewlin: scrsern by ischanical dirsculng of the gun, fiex-
tbility being osrovidszd oy an "O" rings Jolnt. This 18 the

mztle daflisction, difflcult 1o the prsosnce of o guant
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of gu-u2tal, dLlzetrostatic deflectlon ylates reyidly

bacons
frow the gns, cherge up and cause drifits. With the

introductlion of Jrceclsion construcitsd elsctron gpuns,
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fiz214d, induced by other a2 zaratus 1n ths laboratory, the
sositbticn in which the b2am is found on ths collaciLor
variss less than 1/32 of an lnch. wost striking. evidence
that thz path of ths bzan 1s flsld frse ig Lthse fact that
ths Jositlon of the b2aus 1s neerly voltage indesendent.,

In soing frog 110C to 2000 veolts ths beam agaln woves

i2ss than 1/32 of an inch. The lxoortsnce ol this featurs
tc the making of meassursmesnts 1g obvious. The lins of

tr2 bhe2ar 1e vary n2ar Lo the centar line oredictsed by

the mschanical construction of ths avsaratus. BHome sag

of ths cantilsvsrzd tubss is of course inavitable,

W
4
o
cr
s

Ootical methode of allgnment ars bzcaugs of enor-
mous diffraction ovatterns,

Escausz of ths stabillity of alignment 1t 1s now
sossible to centsr ths bsam very clossly on the ceollsctior
without ths a2l1d ths deflsctlon slatss, shown just
bevond ths colllmating »2inhole 1n the dleagram. [hes

platgs, guartsr ssgaents of a Lube of laslde dliumeter

5/4 irch ani length 1 1/4 inch, have now maximua voltages

£

about 1.3 volts, balianced agalnet ~round 1in 2alrs
Thess voltages ars sufficient to deflsct the bzawm about
3/32 of an inch. .<aximum voltage is never used. The

srincipal uss of the »lateg ic to trim the beam onto ths

thae order of a faw thousandins

O
[ ?

sinhols over Jdistancss

of an inch while a run ls 1In orogres



KLYSITRON rQuxk SYSTEY

4,0 Ceneral Descrigtion

The powsr for the cavity is derived from two Sperry
tyve 8520 klystrons, ons driving zach mode, which are
rated at 100 watts output continuous sach, Thessz tubcs
are driven by a single Sperry type SHEL-6 oscillator klys-
tron through a network providing for power division and
ohasging. The k. ¥F. eystem 1ls chown schexzatically in the
electrical block dlagram, Figurse 4.1. Although designesd
to drive only ons power klystron, the 3KL-€ has provsd
entlrely adequate to drive two. The driving powsr for
each 3520 1s actually somz fractlon of a watt, while
the SKl-6 delivers a rated output of five watts, An
attenuating pad betwsen the tubes absorbs ths excess
power and nscessarlily buffers the osclliator against
raflections from the zowsr klystrons, The tubes ware
developed by Sverry as a part of their postwar klystron
research program, we are lndebted to them for making

thelr prs-oroductlon modsls avallable to us,

4,1 Oscillator and Urivs RNetwork

The SRL-6 1s a reflex klystron of the internal
cavity type deslgned for alr cooling. Input power 1is
200 watts and output is rated at five watts., The cavity
1s tunable over narrow llmits by means of a bellows

type structure whlich allows for expanslion of the cavity.
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The operating frequency of the cavity, 2618 umegacycles,
is close to the maximum for which the SRL-6 is designed.

The tube normally opsrates in the first reflector mode,

i)

This mode employs a reflector voltage of nearly 1000
volte at this high freguency and ls inefficlent bscause
of the large sozcing betwsen ths grids in the cavity.
It has been found adventagecus, therefore, to operate on
the second reflsctor mode, which makes the reflector
about 200 volts negative with resgpect to the cathode,
The cathode 1s operated at a potential of -1000 volts
with respect tc the groundsd shell of the tube. The
bsam current 1s from 170 to 200 milliamperes. The beam
power is disslipated by fins which form an integral part
of the copper shell of the tube,

The ultimate freguency determining parameter 1s
the reflector voltage. The osclllator is characteris-
tically qulte stable but is qulte susceptible to micro-
rhonic and thermal gradient nolse. Conseguently, i1t has
heen found desglrable to mount the tube in a shoek mounted
01l bath having water cooled walls., Thls treatment has
greatly reduced the nolse output. Further lmprovement
hse been obtained by using a storage battery to power
the fllament eliminating cathode modulation. By these
means a noise band about 1/100,000 of the tube freguency

has been obtalnsd, that 1s about twenty kilocycles wide,
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The tendency of the tube te show slow drifts has
been mentlonsd., It 1s not known whether theses drifts
are dug to power sgupply Arift or to fluctuations 1in tube
parameters, slthough the latter are susoected., After the
tubs has warmsd up for about fifteen minutss, the drifts
are smeaell, rarely being as great as fifty kiloecycles,
The freguency 1ls constantly monitored by means of a loud-
speaker beat note and is returnad by manual adjustment
of the reflector voltage. In view of the necessity of
monltoring constantly all the E. F., sarameters, 1t is
Goubtful 1f the installation of autometic frequency
control would gresatly facliitats ths teking of data.

The output of ths SRI-6 18 prasentad at a type XN
50 ohm coaxial connector, Connected directly to this
»olnt 1s a double stub lmpesdancs matching network, con-
sisting ol two shorted stubs of adjustabls length soaced
one guarter wave length apart along the ocutput line.
By means of thie tuner the oscillator is adjusted for
maximum output on the freguency dssired. In zeneral
the tube works best into a highly resctive load. In
consequence great care must be taken to have good contact
in the output connector and that no arcs occur in the
resonant line Dstweer the tube ana the first stub,
The lin2 on ths output side of ths sscond stub 1s more
nearly flat. The drive network 1s hooked up with RGBT

flexible, 50 chm coaxlial line., All fittings are type K,
b o o
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4,2 Jowsr Llystrons and Loxd fstworls
w Lyse 0229 kavstron ls 2 trhres cavity nish gein

2aplifier Flystron., meted outpub 1s 100 watbtts with a

1C%4, Thez awslifisr lo norrow band, of courss, and ils

Do tuned over o naricw réngs by wsans of pzddlss 1 the

bhree caritles: seourately odjustabls on flexible copus

- - A, - - o “r - = “n yme e PU
ustuwents can LUz aade only a vary few tlmse,

installizslen., Cutout 1o to o orobe seelesd into the

vacuu., under 2 zlesc dome, Couslin

b4 v - Yy e a0 T o= - - T B T £ g ey .- 1 1-
diec troe neaztsd by elsctron poobaodusnt fros Lhs back,

Tha cathodz structurs znd bombsrdéer filaient are mountad
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Connectlon to the tubs is made by wsans
the glass ls ccoolsd by a blowsr., fhe anc
guructurs ol She tubs ls groundzd., IThe
inches 1o dizmster by sbout

(@)

ol bths dizscs, and

»7«« o v LY
tube 1lg avout two
I dsngth.

- A

e cutouit wavasgulds le serunit standlnag
Jave Lessursmsnts,  rcower le the gulas by
= probe lnmeerted aboul buszlve inchees {rom the Lubs Jiobe,
znd the outoul end 0f obhe wavegsulds 1s shorted aboutbt a
Juertsr w beyend tre crobe The poeltlion of the short
s cdjustabls, as le the dz.oth of inssvtlon of the .robe.
he srote le connzetbt:d by neons of o flexible couaxial

able about four fest long Lo the inout lins of the

vit Ihis ccble 1s nscessarily of the kigh sowsr
tyoe. A slingle adjustabls shortsd stub 1s cununsclasd
acrosgs the lins spls and
ths cavity lins avlty resc-
Lance,  Dugilcats strucitures are ussa for ths two oower
svetous,

Tre cavity lnoubt linss are 5C ohm alr cors coaxial
linss =zboutb two waves len the (nine inchas) long. The
vaculs glass g221 1s slascsd a2t ths cesnter of tlese linse,
ari Lhey ars glorted LY neane of a chunt whiclh i¢ tricn-
fular, oiscurln, =tous cc® of ths os2a end of the line

at the cavity. 4Lven witi thle short an
iines must be turnsd sc o to zloce ths

and loo. ths
leco: parviszslly



oarailel bto tho mognotic ficld 1in the cavity,
fhe cavity accente cowsr frox the klystrons vary
w2ll, tending to lock with the ocutoul caviticss of the

tubzg, Conslderable 2florts have begen spenl 1o getbing

the standing wave ratlo in ths wavegulass anda flexlible
linss low. Slots hzve aven bessn insarisd 1n thse flaxibie

linss themnselvass for zonlioring purdosss. Dacoupling
at the cavity by rctation of ths inout loops has helussd

but ths sxtremsly reactive nature of the ca

H
w
‘-.,J
o
j&)
o

mekze ths obtelning of flat linsg very difficult. Mo
difficulty has bszen sencountersd with hsating ol ths lines
so th2 criterion acczatal atb Qresent for progssr loadling
is good 1lnpubt intoc ths cavity,

-

In ths intersst of srotectlng the gowsr klystroas,
small pickup grobss attached to crystal detactors have
teen pzrzansntly fitted in the waveguldes dlrsctly across
Troi. tha cavity output probss. TIThess probseg ars inter-

locksd with the maln beax voltages supnly by means of an

amnlifying and metaring

L

circult., Fortunatsly no excsssivs
fields hove ever besn observed at this polint. Ths output

of the dstectors 1s & food Lndlcation ol the standing

]

w2ve ratlo, howevsr,
Thz bsst indlicetion of orooer loading found to dats
e tha b2au currant Izoendsnce of tube output., 11 the

bzan current of & orozerly loaded klystron ls rsduced,
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the output, as monitorzd in the cavity, drops. If the
Ylystron is laproperly loaded, howsvsr, juelt the reverse
effsct is observed, This 1s hysotheslzed as being due

to the rise in effectivs 3 of the output cavity of the
klystron as the loading effsct of ths bean passing through
1t 1s reducsd. Juite startling rises 1n cavity powser

have besrn obssrvad as the current ls rsduced, soxetines

as muck as six 4db, Using this effect zs o critsrion,

tly lmoroved over

v

i

loadling of the ¥lvstrons can bs gra
that =2chieved by other zsthods. The ooerating voltiagze

of 550C volts stlil raor=2ssnts a couwsromiss. The loading

i

[&)

of the outout cavity 1s not as heavy as that which might

be achieved with a flat antsnna system. Operation at

-
v
o

4000 volts, the tubs maximum, produces no graat il rove-

mant in outputb.

4,3 rower Supplies
Ths power for trs mein bears of the power klystrous
ls obtalnzd from 2 twenty ¥Fllowatt gensrator raving a

varlable output with a maximuw of €CO0 volts. The reg-

ulation of this generator ls excellent after a warmup

i
(7]

serlod. The voltars 1s controllsd by e remots exclter

current rheostat in the samse roowm with the asparatus.

-3

is

[t

he generator 1s next door. The bombarder volta

©

provided by a small genersator made for the purposs from

two surplus dynamotors., Thess havs been mournted on
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Great lmorovement 1in the stabllity of the sntire
svetem has been sffscted by the installation of a
Sorenscn line voltags rsgulator in the line supolylng
the klystron flleamsnte ana the regulatsd power supplles,
described below. This regulator has besern made avallable
to thisc project through the generosity of irrofessor
J. W, Duliond. The pressence of this reguiator makes the
bombarder supoly the oprinclosel source of instablility
in the Elystron powsr supply system,

The power supply for the ShRL-6 is extremely critical.
The fregqusncy 1s Tixed by botlh the besam voltage and the
reflector voltage. The most critical is the reflector
voltage, whickh can be supolisd by battsrlise since no
current le drawn. The img.edance of ths reflector supply
must be kepl low, howsver, slnce 16 1g ol critlcal lapor-
tance that the voltage of the reflector never have a
chancs to Dscone posltive with resoect Lo ths cathode,

A rectifler clipper tube 1s connscted right at ths kiys-
tron to insure against such an occurrence. The low
imuedance alsg lnsures against dependence on ths poslitive
lon current drawn in the tube.

Thz high voltzge regulator 1ls & high galn fesdback
clrcult, the most unusual featurs of which 1s the use
of a €00 volt Dbattery as the reference voltage. This
battery 1s ogen circultsd on the grid of the low level

amplifier tubs, a ©ACT. The regulator is 2 palr of
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CAST tubszs, Jzrallel comnescted. Inwut i froo a stardard

¢ rectifiars.

(&)
W

rectlfler Sowir supoly employing two tyoe 3

Fzedback zzln of the clreult l1s irn sxcsecs of 2C0., with
Lhe Sorsnscom reguldetor sugurescling cathods modulabtion

& B P Vo VA s N A N TR N T Sy e s
Irow bthe CACY tre cutpulbl 1= repulisatsc and nole: frese

tc better than 0,02 volts., femversture drifts oi the

ot
jay
@
©
€
o
s
[

bPatteriss must of coursz be cossd with, btul

[és]
[¢H
bt
L]

slow, The circult of this suusly, rirure 4.5, is
v 2 2

2xoslanatory.
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5.0 Gernzrsl Desseriotion

The mesacurement of a f wney 1s chisfly & probiem
in tschnique. Ihe declirsed charsctaristice of the srzsant
agpcaratus wers that 1t be sluosle to use, capoble of
constant ap.slicatlion, and indes=ndsnt of drifts of com-
sonant sarts The cethod, chossn bscauss 1t 1s stralgnt-
Torward, ls to beat the outgubt of ons ol the sowsr klys-
trons, obout 2213 secscveles, asgalnst the 2€1C wsgocevels
harmonic of 2 ons megacrele standard crrstal, Ths haruon-
ic 1o obtelinsd by dirsct freguency wultioslication ian a

8 zlactronle amclifliers, a aetnod whiech gusrantsss
an Intsger foctor The diffserences {fregusncy nesds Lo b2
cezsursd wlth an accurucy of only about + 0.01 nmegacycles
to rewove ths freguesncy measuvrsasnt fro.n the error consld
graticne of the exgceriuent. Thes standard crystal, good in
1te2lfl to twe warte in 107, can be callbratsd to far beyond

a

adad s¢lsion by

coisarlson

the stendard slznals

treadeast by the hatlo burcau of Standards ovsr radio
statlon Wav.

The beat Tranuency ie cornitorzd continuously by a
Navy tyvps REH short wave recslver, sanufactursd by bcott
hedlo Laborztorles and obtzlne v tlhz lnstltute frow war
surslus, Ihis recsiver ls of remarisble mschanical con-
structior and lsg charsctsrized by relatively low sesnsl-



58

tivity and high stability. It has a remarkabls dial
which 1s free frow backlash and can be read dirsctly to
the desired precision for this msasurement, The dial 1s
callibrated by means of a Navy type LM fregusncy zeter,
also obtalned surplus, but this calibration 1s virtually
unnecessary. Ihe nolse output of the klystron systex 1s
clearly audible, and 1t is unnecessary to uss the beat
frequency osclllator in the receiver, The pass bard

of the rsceiver ls about five killocycles, nicely adapted
to the vreclsion desired, Oulput of ths resesiver is
presented to a loudspeaker by means of which the operator
can monitor continuously the cavity fregquency Durin
a run the klystron frequency 1s reset by means of the
loudspeaker,

A secondary check on the frequency l1ls desirable to
guard agalnst ths poesibility of the signal detectad by
the recslver belng spurious, This check is provided by
e coaxlal typs wavameter, BL5554, ussed for general pur-
poges 1n this laboratory. This metzr is of the absorb-
tlon type, conslsting of a shorted coaxial line having
one shortzd end movable on & prescision screw which can
be read te 0,001 centimeters by means of a vernisr dial.
Input 1s by a small loop, and output from a similar loon
ls presented to o crystal dstsctor, By means of this
instrument the frequency can be checked to about + 0.5

megacyecles., Agreement 1s excsllent,
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brov.ht cut in the nsxt sactlion.

)

-.1 Freauency lultiolier

Tns blg obstzcle to bLe overcows 1o zny of the thres

avallable tvarmonlce of 1ntersst lg the lzrgs factor,

(¥

This obst:

5
}ae
[es}

wcle le zst by aaling ths Tsctor the first to

[ &3]
j

b2 intrcducsd 1o the aultipglier. Thus the srissnbt clrcult

gosg Jlrsct Ifroa one waiacvels Lo 29 ne

[

¢
\\¢

ons other largzs factor 1ls dilspossd of in a Juws of a factor
of 15 golng fromx the outout of the aulbtislier to ths mixer.

The loss in signzl level here is mads uo by ths sensitivity

£ ~ LR N (LR A N M N o ey L ~ vz . s % LI

of thes raceliver, Witk this gsnersl schew: there l1s 1llittle
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slate tuned grid osclllator., This clrcult exsloys a
C8J7 pentods with vari~ble feedback capacity fromw plate

to grid. The fesdinck 1s rept low to reduce drivs to the

out 2 certsin amount of frsguency sullliy

duced 2 the olate tank 1s tunad.

cozillcient cut. Comgarison cof ths tanth

caromonic ol thils crystal with the ten wegacycle carrvisr
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The lineup of th2s multioslier is shewn 1 the accom-

<t

vanying block diagram. The first axpliflier, belnyg driven
by a scals ¢of 2¢ multliplisr, runs class A, All other

gstapes opsrats class C., ALl plate to grid cousling is

w

capacitive with 2 eingls Intsretage tan! clrecult.

In ths construction of the high fregusnecy awmolifisrs,

as dlstingulshed from wultiplisrs which have olats and
crid tanls at differsat fregusncies, considerabls cars

wag nacassary Lo supprass parassitic oscillations, particu-
larly 1n the 174 wegacycles amulifisr, In thils circult
tan¥ circults consist of a half turn of a thrse quarter
ineh loog across a 15 micromicrcfarad Ltrimer. wmultiple
grounds and shielding cages wsre used., All leads through-
out the high frsgusncy linsup were kept short.

The drive to the grid of the 6AGE barmonic generator

~

1

1O]

gsufficisent to cut the current in that tubs to roughly
g, gquarter of ilts no signal value., This drives 1s entirely
deosendant on the crystal oscillator. Transmitted para-
sitic oseillationg would sesm to be ruled out. Thus the
outout signal zust havs the fundamental oceriodicity of

the oscillator, 1. e. must be composzd only of harmonlcs

jo!

of the crystal frsgusncy. The extsent to whlch the dssirs
harmonle dominates over the others is fixed by tha succass
achisved in supsressing side harmonics 1n the various

tank cilreults in the linsup., Unfortunatzsly, & certain

awount of one uegacyvcle wodulation 1s superimpossd on
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guard

tand

o

lilixer

<
ha)

The wmixer structure 1

drawing,., +ixing ls acconrsli

gtub tuned 2. .roxinatsly

bled from the powsr ¥l

1s coupled to tre

the tubs tbrough the

A crystal rsctifier, attached

thus produced that thies fregusncy

diagramrie
ah

2 harmcnlce

muleed
stub by

center

acbion 1n Lhe

egacycls aa . liflere it 1s

detzction of the two sids-

chack

conflrmed Loth

d In the zccompanylng

d in

w

an ousn guartar wave

deslired, rowsr
cougzlesd cavacltively Lo
output of the harmonic
late

passing the 2

of the center

]

to the stub nesar the hlgh

voltage point, provides ocutput to the recsziver, Lthe har-
wonle gemzrator ls czpable of sroducling z D. O, voltage
of about two Lundredths cf a volt irn the crystal., The

S, F. cousling frow ths ¥lystron ls adjusted to uzake the
D. C. output voltage aboul a tenth of & volt, Ths beat
fresusncy 1s then saslly kzard in the recelver,

conductor,
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£.0 sinbole Systesas acd Collianatlion

ks functlion of the colliumstion systen is to uroduce
e bzan by asans of which tihis deflectlons in the ansighbor-
hocd of resonance cauc be aeasursed, Ideally ths bsan
shovld sroducs o shary edgsd sgsobt on ths collsctor, Undsr
thess circunctancse, as Dacey hos snown™”, by making the
collsctor winhole the sauwe slzs as the spot, the peal of
collzcted current agelnst dsflectlon would have s sharo

tcw, roundss only Lty effscts of thermal volitsfrs sorsad,

Qs

he sidss of this peal =ars very nesarly strelght, thelr

The sourcs of eguation (1) mayv 2asi
by cicturing the fanning ovi of the bearn =g a sgirnle dle-
v Lo & i

irsction ol tiils

)

- N - 4= . P PN SN SN S -
clacement al any lnstaab of tiwe, tle
- o b

dis lecsuent baing the ondiy tlxe depgsndent parsaetsr, The

W

squars root guantity le then the length of the chord of
intsrsection of ths Clrhols and the scot. I1If ithe sinhols
and spob ars of dilffserent sluzes, the expression for the
lengtk of the chord of intersccotion is complicsted, but

the relationekrl o stiil holde truve, The rezicon of straight
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N

sldes of the peak 1s now that over which ths l2ngth of
ths chord aovproachoc ths dlamotor of the smallsr of the two

rcless. The top of ths oeak ig roundsed to a width gome-~

e

c
whzt mors than ths differsnce 1n dlamsters of ths circles,
Ao has been volnted out, a beawm with sharp sdgess can-
not be obtalnsd with a two dinhole colllmxation system
gxcest by makin: ons hele vanishingly swall., Instzad z
boam having reglons of illumination erxalogous to the umbral
and osnumbral shadows of an aciionss 1s oroducsd. The
unbrzl region ls uniformly i1lluminatsd, but in ths senun-
bral reglon the illumination falle off along a contlnuous

curve, This sort of bzam is the onz which wust bs worked

The gensral anzalor of eguation (1) is
al Tk .
- 5= 1(R,¢,D)Rcosqd @ (2)

whers R 1z the radius of the collactor hole, ¢ is the

polar z2ngles measurad a2t the center of the hols frow the
ling ol centers of bsam and s’0t, and 1
Intenslty of the b2am at the colnt (R, P ) on ths

che olnhole., Anslysles from thls eguation shows that the

whers ths edge of the ovinhole cuts throush the umbral arsa
on ons slds and 1s outside thz bsazm on ths other., Thus if

2 vinheclz of dlamster say mldway between the umbral



diameter and the penumbral dlameter is used, the top is

1

roundad to s width somswhat grester than the difference

O
Hy

penunbral and umbral radii.

€,1 Beam Formatlion

wven though the peak of current vs, deflection 1s
symmetrical, 1t is highly desirable for the ourposs of
resolving ths center that the sxtsnt of the rounded top be
swall, This ls tantamount to regulring that the width of
the penumbral arsa bs sm2ll, By projocctlon considerations
we 22s8lly see that the dlameters of the umbral and penum-
bral portlons of the beam are resspsctively 2d2 - dl and
24, + dl whers di and do are the diametsrs of the first and
second collimating holes and the distances bstween holes
are assumed equal,

Several intsracting factors now 1limit possiblilities:

Y

(1) The limitatlion of total current bstween the two oin-
holes placed by the lon formatlon rate, This effect, now
understoocd, was the principal unanticipated difficully

wiich lmpeded early beam formation system designs, A&ven

in good vecuum this effect causes startling focusing effects
in the highly coulliumatsd beaws used In Lhls experiment,

ted tv the Dbeam in the

o

[

(11) 7The tendency of dirt depos

by

elsctron gun Lo close the first collimating pinhols, or
Lo become charged and thus upset the collimating action of

the gun, The problem ls magnifisd as the collimating hole



¢

(i1ii) The slectrostatic capacity ol the elscirometler
collector couslec wlth ths necessity of making rasid resad-
ings, which togetrer rejulre that -dl/ab pe kept ressonably
large. The present current sensitivity 1= zbout
10‘15 amps/mil (1 wil = 0.001 inch) or greater. iuch
lower valuse woula lead te difficulty 1n making resdings.
(iv) The necessity of confining the beawm to ths axls of
the cavity by a pinhole no larger than the ons 1in use,.
The ion formation limitation makes 1t lxzpractical to
obtalrn a small penurbre by making d, large and d, small,
Hence ws can assume the revsrse, namely, that cver the
center of the svot the flrst olnhole is ssen unobstructzd
through the second. Then the current ssensitivity on the
stralight eldss of the peak 1s roughly the intsnsity of

1llumination frou the flirst ginhcle times the wean diameter
of the spot
-4 = 10%d12d2 (2)

where io exopresses the intenslity with which the first pin-
hele 1s 1llumlnated from behind by the elsctren gun., The
width of the round top of the current deflisction peak is
roughliy the width of the penumbral ring, dl'

The nature of the problem 1s now easlly sesen, By re-

ducing dy below its pressnt size of 0,002 inch the top of

the peak 1s narrowed. If, however, we comvensate Tor the losi



intensity by raising 1., we incrsass bhe rats of ds.osition
of crarging laysre on the 2lrsady wors easlly obstruct
»inhole and drazsticalily rsducs the 1ife of the sun Letween

cleanings.

£.2 =zlsctrorn Gun
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Yeolb swall, w0 suall stors which can inter-

P4
< =

ceut the Lsam and charge ug srs usad. &l11 areas are
sw2pt clsar of lons by ths fielde pressnt., [he beanm
glzs ewergling from the colllcating hole ig¢ fixed by the

-

athode structurs and welybdenum stop, which stays ciean

(¢

the first viswing

[
O
o]

(4]

by virtus of bein. hot. The imazs or

<

gscreen 1s a wsenified lumage of the c:

thode =p

w

g, 1in

{u
[¢]
&3

s

rzlatively sharp focus at sone veoltzpess, 1he concen-

trz2tion of hesvy volatiles 1n ths rseldusl g2s ls laot

low by mesnes of two 1liquild alr trace zads of tz2st tubss
pizced 1n the mounting pists for tie gun.
Grzat care has been ussd Lo wsrovide gfocd 2lisncent

and cclilustlon of ths electrodes, Insulation lg [ro-
videc vy Tirsd telc insuiztors fitted with permanent
aluminum bancds and prscizlon wachined, The slectrodss
ars sussortsd by a precislon saschined aluminuve tube which
is extzsrnelly cooled. For detalls th: reader 1s rsferrsd

to wr, Lauritzen.
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fhe propertlse of the beam .roduced by thile gun have

pesn desscribed. The bsszu variss 1in slze orn the first view-

scrsen from ong guartsr Ilnch at 1iC0 volis to thrzs-
sigpghths of an inch at 200C volts., Thers 1s Gscidedly

greater Intensity at 2000 volts, Lotion in going from 11CO0

€.3 voltage Supply
The Tilemsnt voltage for the electron gurn is supslised

v a storage battery 1In sszriss with two type 1133 auto
o L7 o o

in serallel, The current drawn ls oilx amcerss. The

oo oy
u‘_x,,gv s (.4.11*‘.1"‘\/—&4

b

~ .
A A

o

ol

sistor scross bthe [llavsent, le obtalnsd froi the osowsr

3

gupcly whoss clreuls le shown 1o the accoumsenyvinrng dlegran,
Figure 6,2 The disgram le gelf-explonatory in wmocot dotalls,
The most imsortant featurss arz the uss of a &€CC volt
bzbtery ze refersnce and a refersnce voltage dlvider con-
sisticg of all Hoboloy reelstors oseratsd st 1/1C rated
JOWSr or less, Dotk baltsry cnd rislstors ars therwally
insulatesd, the regletors 1o a conmvectlon coolasd LOX) 1o
bberual resgulatllon ls used.

he teuwseruture coefficlent of the oattsary ls about
-4

W - « A - Y O T I e p T U PO ey s o 2 e PR

iC ser dsgrse centlzgrads, For thic rsasorn the circult
srows 2 slow ft terdency, but thae high thereal inertia
oI the batlsrlsce snd ILaoeuvlating wox srevenbte repld changes.

The voltage vernier 1s a ten tur:, Hellpot having s range
& & &
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this votentiometer ths voltage

iy

of 1CO volts. By mnesns o
czn be set tu a preoclsion of + 0.02 veolts subjeet to
absclute callbration by the voltege measuring apparatus.

The supply, 1n addltion to affording beam voltage for
the gun, suts out one to two milliamgerss, 1ts orliaclpal
load, to the one megohm orecision voltage divider., An
additional cutout of 30C velte with respect to the cathcde
1s provided for the first anode of the gun.

The sup:ly 1lg orotected sgalnst overloads by a sengl-~
tive relay, shunted to 7 mlllilamcerss, 1n the cathode

circult of the 307 regulator circuit. Additional protection

)
e

ie obtainsd with senglitive fusee in the firet anode circult.
6.4 Zlectromster

The beam current vessing through ths collector pinhole
Lalls lnto o Fzraday cup and ls transwmltted bto the srid of
a typve C¥ 5T71-AX sub-mlriature slectrometsr pentode., The
grid ls rsturnsd through a 1010 one resistor and it is
across this reslistor that the signal voltage 1s develoved,
Both tube and resistor are inside the vacuum.

The tube lg one member of a balanced clrcult, balanced

against 4drift by means of & fllament rheostat. The output

[l

of thiso circuit is road by Ilcede end Norxrthrup Twype F
mlrror galvanometer which has a sensitivity of 0.004 4 a/un

and a period of six ssconds. This long period 1ls a real
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impediment to the raold collection of dsta, but ths o

{

orogertizs of the gslvanonmetsr maks 1t desirabls Lo use.



5
PRELIMINARKY RESULTS

7.0 General Discussion

The results avallable for the preparation of this
report, prepared against a time limit, are preliminary
only. The data so far are cncouraging, perticularly in
view of the difficultles experienced when they were taken.
The following chart glves the center voltages of the pesks
now accumulated, together with error limits based on the

apparent conslistency of the data ylelding each peak,

Date Lower Upper Difference Remarks
1-27 1155.6 + 1 2060 +.5 904.4 Very wide peaks

1-30 1154 + 1 2057

I+
-

Q03 K., F. unstable
2-4  1153.3 +.5 2078
2-6  1153.6 +.5 2060

I+

o005 H. F. unstable

I+

2
1 906.4 Electrometer Arift
5

2-10 1154.4 +.3  2050.6 +. 905,2
2

2-13  11B4.5 #, 2061.0 + 1 906.5
2061.5 .2 907 Best so far
3-4 1153, +# 1 2056.4 #.2 903,2 Data taken after
1153.2 *.3  2057.1 .2 $03.9
2057.5 #.2 Q04,3 short pumpdown

The discrepancles among the voltages are beyond those
explainable by the posslble luconslslency of the data,
There can be no doubt that real shifts of apparent resonance
posltion have been observed. On the basls of a number of
observed phenomena the inconsistency is belleved to be due

to the presence in the beam of secondary electrons ejectad



76

from the cathcde by positlve ion bombardment. As Dacey
showslg, the gressnce of such electrons moves the center
voltages and contributes to the rounding of the tos of the
ceak but doss not affect the straightness of the sides.
Steps to corrsct this difficulty are being taken,

The proscect for accurcey is best predicted frox the
qualilty of the curvees., The two best curves obtzined on

2-13-5% are reproduced orn the following two pages. These

&
e
[0
ct
jag
b
o
©
6]
cr
e
®
®

ks obtained so far, although ths »saks of

3-4-52 are comperable. When thess peaks were taken, diffi-

bt

culty was still belng experlenced with trke elsctrometer
stability. This difflculty has been corrected by imoroved
shizlding. There appears to bz excellent gprospect of
fittling curves with a confidence of #+ 0.1 volts when the
lmoroverents now beling wmade are compslsted.

If the accepted valus of ¢/m and a frsquency of
2618.5 megacycles are gsutb into eguation 1.1 (1) corrected
for the relativistic mass shift during acceleration and
the valus of the length from section 1,5, 1.214 inches, 1is
uged, the deslired value ol the voltase differsnce is found
to bs about 91C volts. This result l1s in satlisfactory
agreement with obssrvation, particularly 1f allowance is
made for the fact that ths secondary elsctiron shenomanon
depresess the velue of this difference. For more detailed
conglderatlion of the entire accurescy juestion ths reader
1s rsferrsd to kr. lauritzen and, of course, to rrofessor

Smythe.



i3 /
115 x 1O amps /
/
/1
j
j
jr"
/
i Y
| Joooee )
e \
/ \
o
/ \
/ \
.’/ \
/ \
!
/ \
/ \
// J\
!/A x\\n
!/ i“x
5/ |
/ \
/ \
/ \
;/
i i { ! t 1 i i i f i {
2O0R0 2060 2070  Volts
Upper PFeak ZOO6L5 voits £-13-53



i

TOames

ioxi07'?

xw,lxﬂ ;
.:»\\\\ )
P
\.‘Q\\ﬁ\&.
e \\\ 7
¥
2,&\&\
ety -
ﬁ;.l\.
e k.\\\\
o —
-
- ,,ff./f
e
,«1..&1/ "
:11/;.(« i
/,7)[!
T
ffvf/, .
.
's M

-

2]

,

&

i

H&.i

Fea x

Lower



- 2 £
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" e
A = k2
L 4 ~

W Lreel the fsceltor in
unlt vsetors w, 1n, o n
res.2cvlively. Then if
r = m Bycos(wt +
We navs
e =
X
If m and n ars rot ;

resolvirg n slong m

v vy
-~ A4l
-~ -~

It 1g kncun frou

ey ‘
sath of ths

chooge new vachorle

of

mwiner axss ]

r.o = ~Loccsfeinwt + 2B sinfco
r.g = -kpcosgsin weind

-

t\n

ana

T

the vector gsotertial of

todes superinposed with arbitrery spac

G

romn syvation 2.0 (1)

_5_;31(66)

{%Icos(q7+ Y lcos(wt + c<1)

+ Epjcos(d + Yy )cos(wt + C<II§} (1)

+ Epjcos(¥+ Yoolcos(wt + X

Yo e

LaTE

Eqcos (<F+ ‘VI)costt +

B'ICOS("“’& +¢<'1> + 0 817

4 Fon o A - =
Giie 3..1L‘JSV,

zeLor I

et Dy

o

vactor msbhode.

crguesnts -(PI, - U&l, and ¢

n Bllcoaéut + °<II>

1’

.

-

cf

ls &an

-1 ﬁgsin«ut +X) + ) Bjcos(wt +o<)

Ligsajous figures

ifhe resulting =xprssslion can b: wrltten

COS(Wt +°<'Il)

Jere.endicular, we wake thei so by

the argument of p is

the Alrzectior of rotatiorn,
ths vacLor _:L and set X =0

o

-
s Wy

(2)

11’
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ArFEANDIX 2, Fileld in the BEnd Holes of the Cavity

The general A of the problem must satlsfly the wave
equation and have zero divergsnce, Slnce we expsclt the
components of 4 to oscillate with angular frequency «w,

we can wrlte the wave eguatlon in terms of f? = w/e

VA = - gEA (1)
This equation is satieflied by the series
A=Ay + B by o o (2)
if V4o =0 (3)
Va1 = - B An (4)
Ved, =0 (5)
From this series ws obtaln
B=F, + B+ B - - (6)
V*5, = 0 (7)
Zgjn*l = "éan (8)
V.Bp =0 (9)

The series for A ls the analog of the serliss obtalned
in section 2.0 for ths fleld of the cavity away from the
end holes

A= 3(1 - (BP)/3 » (gQ)Y/152 - - ) 2.0 (3)

we will try to comstruct an A, sultable in the end holes

C
which connsoetc wlith the éo of ssction 2.0
Ag = X(Byycosw t - ngsintut) 2,0 (4)

Ws have at our diesposal f(z) as calculated by Frofessor

Smythe for a uvniform magnstlic fleld fringing into a round
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hole in an impermeabls plane boundary of the field where
f(z) 1s ths megnitude of the field on the axlis of the
hole, belng one on the field sids, zero deep 1n the hels,
and heving intermediate valuses bstween., Thus z2s in
section 2.2 we desire for our 4, on the axls of the holes
A, = f(z)(Byycoswt - Eoxslnwt) (10)

where we drogz the subscript for the remalindsr of the

O
treateent,

To silupllfy description of the €lliptical fisld we
use rotating coordinstos aligned with E. Thus, defining

. - L 1/2
E(t) = (B1°cos?wt + B,2sin?wt) /

(11)
ag the magnitude of the fleld where f(z) = 1, we choose

unlt vectors and coordinates

B

= i(Bjcoswt)/B(t) + J(EBssinwt)/E(t)
- (12)

e
|

= -1(Bpsinwt)/B(t) + J(Bjcoscwt)/B(t)

= x(Bjcoswt)/B(t) + y(Bpsinwt)/3(t)
(13)

2 @
i
)
e

= n-r = -x(Bzelnwt)/B(t) + y(Bycos wt)/B(t)
in terms of whlch
B=1(z) B(t) & (14)
Ay = f(z) B(t) (15)

To obtain the flelds whesre f(z) = 1 we follow Smythe

W

scalar potentlal for E,
B=- v (L (16)
vl=o0 (17)

Wwe have at our dlsposal an lmportant symmetry property of

and use

il



A

J:L At large dilistsncsz fron ths noles on the fleld side

us zduce Lo

'
H
i}i
ct
B\
il

L(t)(?sin(.ﬂ (12)

. / > . . . .
where now ( s o= @ 2 4 X2 and q?ia ths zovrolriate angle,

[

3

The boundary conditions zrz iacdsgandent of ¢, Hsnce in

gsnersl
~-) = E(t)sin@F(z,p ) (1¢)

we exuand F(4, Q0 ; in tsrues of the various ordse

dsrivatives of f{z) multipllisd by aporopriate .owers of e

o
-0 = tsinqag C.f(ﬁ/(d)€7n*l (20)
n=0

w2 obtain

Collisctlng cosfficlents of f(n)(z)ezﬁ“‘ Wa
C.(n+1)2 -
C. =1 ¢y =0

the rssuiting szt of cosfficlents are thoss of 2J(v).

-{) = Bsingp(f(z) - MNuyp 73 f““(a)(’5/192

,:Mt%ﬂM@—f(mg(d2+@£V8"} (¢

T

we now agpoly sguation (16) to obtaln L



b= =5(0)T (2)x@/4 « = -

sg = B(B)E(2) - B(e)E (a)(xZ v 2@°)/3 - - (23)
By = L(L)E'(2)B - E(e)E(2)(x2g v g7 )/3 - -
3 Oobtaln 4 Dy laspection, AU 1s nmou diificuib Lo

verifly that the only ¢xpanslons for A which glve L in

the form of equatione (23) and satlsfy V-4 = 0 and

Age = 0 (24)
SE(O)E (BB o+ B(L)E(2)(XB7/3 +xPB/24) -

B(e)f(z) - B(8)f"(4)(3x@2/3 + x7j24) « -

.
0
i

i

If it 1e desirsd to alliow for the _ossitllity thot
the =slectrical axisg of ths czvity aay nct colncide with

the axis of ths holes, the cluolest way to gxpard the

w

2 N A

Ay, = £(2)B(t (=< - &) (25)
where X, i1s the tlas decendent « coordinate of the
glactricel centsr of the cuavity 1In terms of ths coordiuste

in the end holes., Ths rssulting

joX

system stlll centsrs
equations anzlogous Lo (24) contain in additlon to the
teries in (24) terus in

Ag s E(E'(2)¥of - B(L)EM(z)X E7/6 -

a s 2, . - iy " "' o 2 . °
and in W -c(t)f(u)'xa + B{(t)f (u)qaé /2

(2¢)
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