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The clocktron szin rosonance exporimont 15 esscobially an
attemst ta "see" the coergy it Sales o MPlip' an electran eriznted Ia
a pegaetie field, The eneppgy of an alegtzon in 8 magnetdlc {ield 1=

descritneg by the relation
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anare é:) 1= tha wemeatic aguent vector of the sleekron and :ﬁ)is the
mamactic flux donsily vesbor. The magneble momenté Lz siunly tha

sam ¢ the créltel s2d zpln resmetic nepeaxtz of the eléeirons:
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whera [ ofsd ¢ are the orbital and sepin sapmlsr momestom veetops,
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aereload S dsfine the obvicus.
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Jging she relaticns ;5——, pnd Bc = H = the wnagaetic

3
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fimdd, S
2 =
W= g e #Hm,o,
Tor & sgmetrel transition j;-?:};_ the chetpe a eneprEy ooDOosbs as &
Dhaton (Which 1= to bo datacteé).
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Thlz cusnipdhaz & “peguancy 5‘. = '.‘:/I-\
Tie selen:btinn rale “or sueR LrAnsikisns is Mh;a)! - Thiz means, if
Ha T Gugn A L= P oqp, 14 + Mide £= frus Sor an
[
& state elretronfwlth L=0 ), wharse ﬁh:JL‘L: 2 .
If tikw eloefron produces 8 anffiedant mamedic fdeld H:L"U)at,
She muelens of the @bol,Lhen 10 15 possiole fob the somietie mozeats
a2 boti the muglons amd £ha electren to interast maldng She go-called
hyperfine struefuce in thoe ZER assetrogrash, i@ before the eperer
of aoch an dnteraction saq be glven by the relstion
W o= ..-f, - K. l0)
) : e e = o, ¥ -1
whers fb fj-r}"w_»p I'_’.:[' e e nuclesy —ammalic ..-an(hnt;'.nt.'_ _ch az A
sonstant related to the magevs, mP s the oreton wmass awd f is
tha aagnlar =omeqtor vackor for the Awelousg,
Aoy im relatad ko T , the total augular aomenbun vostor a7 the
#lzetron, redusiagz the relatinsn abore o
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Buy If one dofimes F= I + F , thes the Izw of coslnas gives

Con. (£, 5) = (TRET

3
2/FY "
Duteing this besk into khe sausidsn -
Ay -
W= 2| Ferrd) “oeren - 340 Ao
whira A= £ & A fars
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30, the toial enespy of traaaition “or =pia resazansy,

faciudizg the Ayperfine structure caused by mageetie isele intesackion
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and tha ters In breaskets w311 e gwplicit latex.
If tie paranegietic iea iz geftled in on aswmetric cfcyatal

strusture, the electranle wavs ‘maction losss its favapiames with razpect
te relation of awas. That is, #(gj) 6} :‘z’: ?L/ﬁ{f'f?; ﬁ@ £ éa\)
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The glachritc Zigld pobential then iz ot lsobrople. Gonsopuenily,
appli¥ing an dxtemenl magaetlc fleld wonld give & 41 fferend wave
funetlon according to the diraction at wiich the oxbernal ficld

is apwlied. So, jE' boeomes o fuaction 27 dilzectieon in fla c'r‘.r;’sts'l.,
sineca 1t 3z a funetlon =7 the quantul nudbe=s doscribing the
wavefunetlone, iich, dn twrn, 1s 4 funetion of tae direetiza of

the apoiicd externel nsgneilc ficld .

The klwstren is the gowroa of elsctrosagnacic padistion
used 1n £his aystem. The preflex klystroa vroduves microwowss; thak
15, rafiakion near tsn gégahcrtz. The ily=tron awerates an the
priaciple tist acerlarabad electrons give us energy in the "orm of
clecirtragnekie radiatica. The sgueivalent cireouit o Like ho

following dlampaar
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Rlectrops are accelerated much as in an ¢leelkyn fen, thon arce

"ouacned™ dnto peciketz sacording to the Treguency o7 the tank eircuib
{in thia ease, just a regogsnt gaviby?, ATbeor bodag puachod, they

arg furned ariusd snd seat bmex by the prepeller veliage. They ars
showed dews 2y the banekoresutehor asd pive up $hei- enoogy: an

ancrgy having a frequeney af the taznk eirecuit. Iy adjusting the
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size o7 tha cawrlty, ome mey chahge Lhe owbpet froguency of the
Wlrstran.  This may be dorc be zama extent by changing the repollse
valtege, But this ia by less than ous part in & thousand, whéreas,
tae cavity method cza chanee b By about ons part in fen.

Gaweguide. It is imown trat elactrosasnetic radisbion maw
proZegate #longz a hnllow rectanpular piva,msde of game echdueting
material, ower o certakw range of fl;'_lg_ucncics. Tha soecslled gob-off
frequency f&r 2 long reotangular wewepufde of wldth 4 sad hodight o,

Fo= e [EET TR
iz the frequemcy bolow which efectiromegnstic drowhgabtion down Sha
wavernide 15 imazinary, The wavsleagth of the padisticn io Lho
waveguwide, ‘;‘:‘3 y 1o rielasted to tos wuualungth,j,o , of the rodiaticon of

Iyequensy $ in 28r b, Ao

’I,j ” \j; rﬁcﬂfﬁ

Tnis ik imvoriant ia detenstnizg the size of the sanple savity.

Banrole eaVILY &5 just & sonll bit of mevegulde blocked af one

ead by o ccx-:duc:tqrjmﬁ a oei: wlil s hole in L% at sk o

YA el € £8

The zample i3 plased st wawicum B el

. t
amplitude {qﬁ Y of the standing et cavity .

wEre nattern.

The hybidd %2w 1o a dovices to eelectdviy channal mierosawe
P in certsin ddpectdons.
Pourar coming Iwtoe Lhoe bes from 0L

dlvides 5:6 goos dnte 2 and © but

aot Anse D, Powar froz T ar O goes




inte beth A ene 9 1§ P ond § 2re net gromerly terminated. oot
it the savlitides oF the radlabion frow ¥ and © are egual, ne
povicr 1z tranemitted %o d while twice awpliinds 1s £aliverad Lo A,

The mavemefer 13 a freguensy wariable rassnant cawiliy that

whEorta frav the woveglids mieromava energy haviap the freguesocy of
Lhe resonaek cevlty. It hos o nferowavs destzetor om it ue Bhat as
thz caviiy =size is changed o mateh the freguensy of Bhe microwave
radiatian, thoere is 4 "dipt 4w the power ot af Lhe detcobor

Do standing wave delestor is a small mesal probe Lhot ortends

dovin 14t9 tho wivoguidas and eam be

movad Wp and down the lears

slatied pices of wavoguids, The

cmount of migrowave pamny Laken oob

of the wawsgnde depends on heW far dewn iais the waveguide the prabe
iz adjusted and whers aleng the standier wave pattnra t7¢ meshe iz

Fare

1z uzed Lo obtain & nuil At oz ®O0 ot The hybpdd fea,

¥ognetic fi=1d sovppe. A% ean ba ze a in Timurs 1,, taers

a¢g The sdupousats af fho mamnette S eld, i) Sonslant negetlic {ia24,
27 slowly decreasing wsgrntic fFicld, and 3) an osedlleting maiitiic
Field, ke constont wacrotde Sleld scurce praoficod & larpe T2ux and
wag necEEzary LEoaust o sorve drdwven pawer swmaly did pet nreduce
a flux large ancugh,  The power sousrce that had & gervs driven seooyp

reaEs dhaunt 1000gmuasscf the BIR sascirum,

cepabllicy was wsed to suooen



The saal o esci?lating magnedic fikld wes intended to zfodulate
rasenacol AL o ¢nptddin fregueney S0 Shat Shoe fock=ln a-nlifier
sonid Irck inm ea that Jreavency.

Thi Meck=ia amtifiee 15 o devics nsed £5 praduce  the acise

what iz 2 gremlis for pregular wovwer amplifiers. It doos tzis by
beth A aarrow band tuned amplifisr asd @ phass menzsitive Zetsctor.
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1B aets ke = switek thai is deriven off and cn By =2 refereace

cusillating stgnal,  If the refersace fragweoacy iz w zod £he sigaal

freguenty is W', Lhon the poaey recelval cub of ke 1rek in ds

P ogogi wif + &) oz {wkh; widsh enueis (OB cea(w't + wi +d)+

coslatg = Wity ¥, The Euacd geplifie= would get pid of tha first m“-‘(«f
ML].Q{I{";

coeglne Lorr, mad the zesoud ferz would have o.saxiaes when &5 v oojind

wits w4 d,

S0, 1F one eazn adivzt the »haza term to zure

will zive mewinurn outoat powsr te fregencles w = 5, Thisz fronnonsy
A% soel fap the sodulating magnetie fleld and the wsoforenco inprb

of tha leaok-ia,



CESERVATTONS

e ozoe whal mlad of o cubaut signol skewld oo mipeeied,
onz #oaeuld geasidor wrhat he ds coservise,  Say thal the eleciride
acts lihe o zimzle hienonis, demsed and foreed ascillator, Whors
the midrémivelekectrde fietd snpplics tis foreed oasillagions,
ther the diffarential equation £5r suek an esclllatdr is=
o) K 1"; oty = v—i g? T
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Unly Bho frogquetsy derdvatives of asplitouds function caa Lo 'ELI ;1,45,;1{.'.,.0&{\4_

obzervsd begauae 4t is thw change in freguency of oseiliztinn af ?L@_K_ R Bt

the clettro thsi praduses Bhe gquenta.: sov *. alsgesr ayi o R
Eie sanples T ooed wera o Be repreceqtativs of o &memm e

‘;{hius.a. ety
4 e

raEE'La_T!ce clectron in sa igelripie g-apics And & non- lsniracls sDGDE,
T uged PR { belter Ynoin as dighenyl- pleryi —wrdrezil) wilch nas

an unraired electron.  The foliowleg illuskratior will plamily
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>N_N"&}'~1" BFREH Molzcule
!
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#lecdrpn
It aas h=o , 8= &, J= & , aud JE' = & IF there iz a0 asglear magnstic

digole intersstion. Falng eawation 2

DE 7 ge H o AL —F,1,1% 1
secording to Kellssipos, A e 23 ; ognd =ines F iz =asll (= 7)
T30 hyperbfine Strdsbure 1o too soall 5o naties excent for a passibic

broedealns of spla resonstce line.

Ea éE - ¥ = Pje#

]
- q. = ko L. .
= a — = L e
-_J :] H Mg Gean

Far Chart 72 T, S dLe.§ Mhky  H=30.8 =2 j = 2.1l

Far. Cheart #1, whlch 13 appareatly o dispzreicn curse, 4:5 FEsa. S’!m’a?
1‘{,:5(_\5&5‘?&“\“ =5 jﬁ' s 22 + Trame velias of g are withi= &%
At the feocopbed walus of j far D=FH.

Gharta #2 aed #% nre two sesaretc runs of She samd 2amaic of

I

, with fthe only difference being the shase =stting on the lock-ia

A7ld Sh .



e scamecind satple:l masd 2 spacial cfrystal or Qudg, o
paranagnelic =21t da 8 latilier of 4 diaramastic salt te roduce thre
=rin- spit dnbordction of the wmsaired etlectron of &he coomer don,
Coppe s has a grouad stebe elsetroan coafigurstion o7 [A7 Fd P gg! :
but the doubly denized ceppir hss f[a] 247 , or o kels in the  2d
zubaimll, Thus = 2, 8= 1,

This copeor mumple 12 an exavplse of an sloctron belng in aa
daisctrowde electron potentizl, thuale, az 1 hewe nove suld be tors,

Laking REETEgemMpea dan extornal nagnetic fleldls @ffect deposdent on
the angls throach the efryatsl, I wag unable o observe tiis Acpond-
e, but wee eble to get one chart made of the copper smamnle,  "his
ie Chart 4. It showa the hyesepfize gsEructu-e,
Copper has & nuclear spin I = :-; for virtusdly 102% of fta Hlf[e I"f\'—-aJ J[fam,

lectoves Yy asundance,

wat % sheld,

_— o q
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Fo2TaT = lzsag e BeEog oz opoa |“]“"
’ = A LSRN
Far 5='Yo /
- 3_% - K=
R T e L

Fay F=- ':-Q mﬁ;ﬂjﬂ,{é}{
"clﬁwm.{ &ueﬂ:“

Vaing eanalion -;165 s I cae tind Sha pelati-a masrgy shifhs W"ﬁ'{hlmnq
¥ N

dus Lo ndgneiic droele dntormpction.

G we BLRer- FE] 2 L ey o¥ ]

R SIS N GO I

Tawwlatios 97 Lhidse glvea the following:

Nor endelst m{«,@_ﬁm Wrscatim, L oy wlba *3.49171: ?mﬁam it e bt gy,
of s byt Foukar . To foik ot prawnpiin elivsans To o,
ot Spim oully” prnmiinapnaTiin o fid Appgioraiandlin o A,

wrls | Yoo btz Smgnadon, It T tome 0 juﬂﬁég.a_d' F T(\e..aq,(;\,‘



b

3
&
=
i
rd

+ 3754
—.25A
— 334
—, 254
-G 25
—G TEA
#2254
~0.75A
- 2. 75A
-3, 75

fo o~ wh

kEeking an enexmyr lswel dlegran otwe cen rexdlly gaoe the

le: i] Eranaitisng:

.

'
] . 2y neat Fo Scade

e
d



e the hyperfina structura zhoyld have sight linag. The
amanat 9f enzegy sdded fa or folen feom thnﬁ,}ﬂ eaergy is found
by &laebrazcally swbiracting the § 0 =«§)-5 W Trom the (2= %]tg

W for the ldnes:

23 ﬁgﬁwa:‘nc = AhSA .
ey = +taSA dispersian
A = ""?‘;‘L
Y =T
Y
Zr3 - .
PR - *‘f'f_‘p' a-l:!f'br-?d'tbn \
03| T om5en
o R R -Y.
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Chert #& shows tne Mreb four pesks eomplokoly, wu% bhe lost pard
af the Tif{th pesk shows what heprened fo my experfnent --- it met wlith f

a Sigastor which set me baek throe weska =t twe weo-s before the end (

&

of the iteps. These poaks are at 4507, 4350,4150, 4000 aas 3790 pazse \
with 5 {reguency of mierowavs radiatica of Q196.5 Yz, Seizg by

figura 27, the I.pjfﬁ' Tevel would f211 @b G250 pawss, making the effessise
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This gould have hoen pradlected, sinse Lhs tranatilon is {rem L=2,
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