INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UM! films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing
from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI






[V

A NofoRe SPuoTRONETLR PO KNIGHT SHINT

Virendrs Prekesh

Submitted in partiael fulfilment
of thé reguirements for the degree of

Maeter of Sclences

Department of Physles,
Faeulty of Pure and Applied Scilence,
The University of Ottawe,

Ottsws, Ceneds,

1960,

“&éw'fo%u

N s (]
N BIBLIOTHEQUES
i

ol

PO e

LBRARES o
o

%
Yersity of



UMI Number: EC52301

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform EC52301
Copyright 2007 by ProQuest LLC
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ii

Approved for the
Department of Physics.

Chelirmen oi cone nxsmining Committee
- : !

Chairmen of the Department.



- 1311 -
ABSTRACT

This thesis describes the design, assembly,
operation and behaviour of a nuclear magnetic resonance
spectrometer of the Pound-Knight type bullt for investigation
of Knight =hift in metals and alloys.

A brief introduction to nuclear magnetic resonance
is given followed by a short discusslon of the Knight shift.

A short descriptlon of the various arrangements for observing
nuclear mapgnetic resonance is given and after polnting out the
requirements for observing the Knight shift in metals, our choice
of the spectrometer is justified. The working of the spectro- k
meter as a whole unit 1s explained and this is followed by a
description of Iis varlous components. The technlque of
determining frequency is described in detail by givihg a typilcal
example of Al27 signal from a solution of AlClB.

The behaviour of the spectrometer 1s discussed and 1ite
ﬁse in detection of various signals is given. The necessary
conditions for obtaining good signals are summarlsed. The
temporature variation and also the homogeneity of the magnetic
£ield are studied with the aid of the spectrometer. Tho
accuracy and usefulness of the equipment 1s tested by measuring

the Knight shift in aluminium metal.
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sensrel Considernvions on sthe Xnlzht Shifs

Huclesr Megnetloc Hesonslce (G.M.re.) results {rom the
tnteraction of electromegnetlc radistion with a system of
avomic nuclel pleced in & magnetic fleld., It 1s detected by
the sbsopption or inductlon of 8 slignsl st radiofrequency.
Thie phenomenon i{a besicelly well understood {see below) and
it hss glven rlse to a vast new brench of spectroscoepy.

dot only does 1t yleld Informstion on nuglear
properties out beoruse it 1s very sensitlve to the environment
of the nucleus ¢ gsives informstion on the Internsl selectrlce
end wmegnetic fleld 1nvmntcer.

The nuclesr pruperties {nvestigsted by Nemels 8re
the muouokle moment aund the suzular momentum ov spln of the
nucleuss ~lso {6 slver lnformetlon on the nuclesyr gusdrupole
coupling consctont whilch 1s the produst of the aslectrle
gusdrupole moment ol the nucleus sud the eleoctric leld grsdient
st the slte of the nuclesuas,.

The chewmlsts mske wsmple use of n.m.r. techniques in
thie determinetlon of the structure of some molecules. It is
porticularly well sdapted for the study of hydro - en, en element
which ofsen escapes deteotlion by Wiray techniques,

The nemers condlition hesg teen found in matser in all

les formgs T0 the physlceists interested in the sstudy ol s5.1id



stote it gives informetion on relaxstion mechsnisms as well
28 on electrlec end magnetic flelds in bulk mstter,

Since the dlscovery by Knight in 1949 of the metallic
shift or dnliht suiit, physiclste heve toiken & renewed interess
in ivs tecuniques &8 thils siilft 1s qulite closgely relacted to the
trensport propertlies of metsls.,

The present work desls with the construction and the
sgudy of the behaviour of & n.m.r. spectrometer lor the
investigstion of the wetallic shift in metel slloys and we will
review in this Iincroduction only those aspects of the theory
end technlques of neme.r. thst sre relevent to the understanding
ol' this thesla. For more generasl discusslions we refer the
reader to the grest weslth of excellent literature on the
subject €.z, Andrews (19%6), Pske (19%6) snd Bloemberszen,

Purcell snd Pound (1948).

l, The Nuclear Msgnetlc Resonsnce Condition

Let ug suppose tviist a nucleus hes 8 megnetic moment
- . (
/bu and en anguler momentun cr swpin I, These two properties
are rolsted to eech ochsy ss Lolluws

SN

- —
Roggsd -gal

where /3 =.%§€%E: is by esnsglogy with the electronlc case

celled the Nuclear msgneton, Ti 1s the Plenck constsnt divlided



by 29r, ~ end ¢ are uwne mess end chsrge of the proton
respectively end ¢ the velocity ol light. Finslly ¢ 1s 8
proportionsllsy fector chorscterlistic of the nuclear lsotope
snd its state., The valuces ol g cannot be derived in theory
but ere deteprmined by experiment. They sre referred to as
nuclear g-factore.

The enerzy ‘J of this nucleus in 8 magnetic fleld

.—)
U -- WHo - (2)

-
-
)
F

=—-%’ﬁ’MHQ (3)

where m is the magnetic quentum number which can have (2I + 1)
volues; I, I = 1, eve, «I + 1, «I, Hence the nucleus hea

2L + 1 distinct eneprgy levels due to its Interactlon wlth the
maynetic filelds. These levels ere equelly speced with e
separation of gf!ﬁo between sucecessive levels, The selection
rule ¢overniny trensitions between these energy levels is

the Bsme 8s for Zeeman effect. I'rensitions sre allowed for
which &m =% 1, A quantum of energy csn cxclte trensitions
betweecn the levels it it hes the ssme msynlitude as the level

spacing
hve = gaH, (1)

which 1s the resonsnce conditlon, ])o 1s the resonence

frequency.



This resonsnce condivlon can wvlso be arrived at by
senl-classlcal considerstions (see for Instence Pske 1950),

It iz secn then thet the resonsnce frequency 1ls the seme es
the Lapmor preceseslon {requency of & nuclesr dipole of moment
IZin a steady megnetvic fleld L.

To ouserve this resonsnce, the sample conteining the
the nuelel tvo be investigetved 1s placed in the gep of & mugnet
supplylng a large steady maegnetlc fileld lgs At ripht angle
to the dlrection of Hy, & redlo-frequency coll surrounding
the semple supplies a small oscillsting megnetic fleld Hl cos
(2TmVt). When the resonsnce condition is obtsined, l.e. when

Y= Vo = 2B g, trensivlons occur between adjacent nuclesr

h
levels and one observea cither sbsgorption of the rsdloe

frequency energy supplied to the coll (n.m.r. sbsorption of
Bloembergen, Purcell end Pound 1948) or the e.m.f's induced in
g coll pleced st rizht snile to both the steady field H, and
the reole fleld Hl cogs (27D t) (nuclear induction of Bloch,
Hansen and Pecisrd 1946). The resonsnce condition is reached
elcher by varylny the mepnetic fisld H leaving 7JO 8t fixed
value or chenzing W in s constent flxed Hy.

In the aemi-claséicnl trentment, one considers thsat
the 11near1yloscillating refo fleld can be decowupossd into
two clirculerly polesrised components rotating st the angular

frequency w = 277D Iin opposite directlions. Resconance occurs

when once of these¢ clirculserly polsrised components rotates at



the same sngulsr freguency and sense es the nuclear dipoles
precessing st the Lsrmor precesction frequency.

In the forezoing trectmznt we have essured thet each
nuclesus wes lsolated and simllarly loecated in the magnetic
field, We now hsve to consider what heppens to an sssembly
of weskly interscting nuclel to get & more complete plecsure
of the n.mer. phenomenon, 'hese weakly interascting nuclel will
be distributesd emonz the possible eneray levels sccording so

the Doltzmsnn discribution lesw and their relative populstion
-z Buaity/ut
e

H

N{im) will vsry with cempsrsture T sccoprdling to N(m) A
wicre A 1s 8 constent. Thus the lower levels wlll be more
densely populated than the hlgzher ones,

Let us consider for instonce sn assembly of nuclel
with spin I = 1/2 st room tempersture. In a field H, each
nucleus has two possible energzy levels: & %l%ﬁgr the lower lesvel
bein: slightly more populsted than ths highe% one., Upon the
spplicetion of 8 r.f. field st resonence, two things will
hsppen. Some transltlions will occur rsising nuclel from lower
ttio higher level (ebsorption) while some transitions will occur
lowering nuclel from higher to lower (induced ewissgion). Since
we can neglect here sponteneous emisslion and since the
probsbilivies for cbsorption and induced emlssion sre almost
equal, tne net absorption ol ener:y would leost only as long as

the populetlion of tite lowest level 1ls prester then thst of the



hizhest. As the populstlion would sson be equslised 1L there
were no means by which the auelel can rmlax to the lowent
stete apaprt than enission induced ty the reofe., the phenomenon
would very goon be soturoted, snd would be only e trsnslent
phenowenon of very short durstion. %hen trying to observe the
reconsuce, toe zis nel would repldly decsy durlng the time of
ctgervarion, lloweveyp, thls ils not the cese. e were led vo
tizle atete of aflfslr beosuvgy we have nezlected the presents
of thie lstolce in thermsl aspgitsvion. The nuclel can exchsnge
guents of encrpy with the lottlce, {whilch will werm up) and
relex to the ground stete Independently of the pr.f. fleld,
end meinteln the Bolseman distribusion corresponding slrost
tu the tempersturs of the bulk ssmple (st locst ss long ag
the rof's {ield 1s not too larpze)s ‘Thisg phenomenon is knoun
as the spin lettvice velazsasion, ond it ls cherectorized by
Ty, the spinelevtice relexation time. Ty L& relsted to
laverae ol the trancition probebllicy for lattlice induced
smisnion, It 1s sporoximetely the time it vtskes for the
system disturved from equlllibrium to come hecit to egullibrium
by lestice induced emisalon. This process thus wskesz 8 net

svaoretlon of rei's enersy pogalile.

2e e Nem.rs Specteumy LAne Width end Line Shoepe

We heve sssumed up to thils point sthet the sspenbly

ol tbe nuclei 1s weskly Interacting end we hsve nezlected



to glve the consequences of this wesk intersctlon on the
absorption phenomenon. We will see presgently that when we
take this Intersction into consideretion, it lesds to an
absorption line of o definite non zero width,.

The intersction vetween nuclel is due to the presence
of the magnetic dipole nmoment sssocisted with the spin. ¥Fech
nuclear dipole finds ftself not only in the epplied field Hy,
but slso in s swell additive local megnevic fleld produced by
the neighbouring nuclesr dipoles. The direction and ﬁagnicude
of the locel fleld differs frowm nucleus to nucleus, depending
on the megnetlic atetes of the nelghbours. The msgnitude of
the locsl £1¢1d is of the order of u2/r3, where r is the
internuclesr distsnce. We thus expect thst the resonsnce
condition veries from nucleus to nucleus by this amount. The
resonance line is brosdened by sn smount AV AU 2 BN 0eal
sround the cenver {requency Do

The problem of evslusting the width of the line and
predicting 1ts exsct shepe 15 o difficult one. Bloch (1946)
has derived & pheunomenolo:icsl sheory of the complex suscep-
tivllicy ox such en esssembly of classicsl dipoles end predicted

|

a line of Lorentz shepe end of width at hslf meximum 4V =-ﬁr?a
where T2 18 the spin-sgpin relaxesion time, T2 is, rougnly
spesiking, the time for the system of spin to ettein equilibrium

with iteelfl ond depends on the dipole-dlpole interaction discussed



above.,

Ven Vieck (1948) using quantum theory hss studied
in deteil the effect of dipole-dipole inveraction., Tven il
his celeuletlon ¢id aot yleld the shepe of the line, he wss
able to Yind exsct exprestlon for the second snd fourth moment
of the llne. These expressions involve the nucleasr magnetic
moment end the spstlal co-ordinates of the dipoles. lie solved
thile protlewm for the case eof sgingle crystels snd for the csase
of' polyeryetelline sampless The second end fourth moment
obtelned generslly flt e Geussisn curve,

In liqulds, the resonsnce line is narrower shan in
solids since thc reorientetion and the diffusion of molecules
lg usuelly so rapid thst the locsl mesnetic fleld 18 smoothed
out to 8 very small sverape velue, yleldin: duite 5 narrow
line. The theory of the width of line 1in liquids ls dlscussed
by Bloembergen, Furcell snd Pound (1948).

The line widthh in metsl end metsl vlloye presents
some special Cesvurce wirich we shall discuss later when we

dlgcuss the metslllc salift,.

3. The tetsllic or #nl:ht Shift

It wes first observed by Xnight (19L9) thet the
Nemere signusl from metelllec copper occurred at a higher
frequency then that f{rom copper In s non metesllic form (e.g.

CuCl) in vhe ssme externsl fleld. Afterwerds s shift of the



same nsture was observed in the case of many other metsl
nuclel. These shifts In frequency were found to be lerger

Dy obout an order of magnltude then sny of the known chemicsl
shift wbich srlse when the seme nuclecr specles is observed
in dirferent compounds, Ihe mechznisms responsible for the
chemical ehift scem to ve incapsble of ¢xplelnins the larce
shifts in wmetela. 7The shift In metols 1s often referrsd Lo

aa Kni[{ht shifse,.

-~

3.1l. Genersl Lxpressions for the Shifg

Townes, Herring end Knizht (1950) zave sn explsnstion
of this effect. The shift is essentislly due to an extrs
energy intersction in the metal between the nucleus and the
conduction electrons., When this extra term is sdded to
equation (2) thav describes the enerzy of intersction of »
nucleus in the meagnetic field Hyo it 18 found thst, to the

first order of perturbation, the energy levels are now ziven by

Um) = -9p Ho(L+4R) ()

insteed of equsction (3), uhtre Zliyﬂha cen be written as
AH - 8T v
a2 = T o (6)
e = &0 X M o),

Here jx:bis the Paull spin susceptibility per unit mese snd M

the mass of the stom, and | e (o) r> fo is some gultebble



avepage of the probsellivy densivy et the nucleus of the

conduction electrons havline enercsies neer the Fermi limie,

fhen rom equestion (5) end the selection rule ue

2et tiie Jollowins rescasnee condition in cese of ¢ nmetuld

SONREE VTN

snd
= D + Av Py
metall ° (5)
whence A = AWM
Vo Ho

For & nucleus of spin 3/2, the snercy levels in an

Insuloting materisl snd In the metsl sre ghetched below

U U
3
I = 3B(H°+ aH)
| T g8H. h(vi+av)
t
3 h -
i v ! e [ LgB(Ho-*AH)
z 1P H. 2
| “"—,"‘ ﬁHo
X T - L ch(H°+ sH)
2z
3
“'E‘ﬂaﬂe
T - ~3 98w, + aw)
2
INSULATOR

MeETaAL




In this sketch AW is exsggerated to show clesrly
the result of the lnteraction of the nuclei with the conduction
electrons in metsls. In fact the 4%%%,ﬂs observed range
between epproximetely 0.000 for 269 to 0.025 for i1glgY.

ALY 15 s qusatity tht in principle con be messured
eeslly. Indeed it ls sufficlent cto plsce in e given consvant

field H, the meval to ovtain )

metal end then the same metsal

nuclel in form of a sslt in solution, or in solid form, to
obtsin ))O. A is then the difference between the two. The
AV so obtained is then that whichk 18 due to the intersction
of the nucleus with the unbslsnced spins in the conduction
band, in =o far ss 1)0 1s exactly the resonsnce frequency
for & free spln. However, becsuce of the presence of o
chemlcel shift the velue of 7)0 S0 obtsined is not that of
& free spln snd a correctlion must be made for the chemical
ehift before the QAVpredicted by equation (6) is obtsined.

All the shifts observed in the varlous metsl isotopes
have been vowsrds hi:her frequency. In sll ceses these shifts
heave also wveen founad proportionsl to Hy, the applied externsl

o LY

Tflield snd Gence ‘—‘%‘-‘-—- AH found constsent.
H
‘o

The eflect of tempersture on cthe chift 1s sqell for
the metsl nuclel where this dependence hes been studled nanely,

the alkell end Ga. It ls relsted tvo the chense of stonmic



volume and this dependence as well as the dependence of the
shift on pressuwre awalts further investigations.

We may now ask the question as to what knowledge
is gained from a measurement of &V . As seon from equation (&),
AV is proportional to the product of two quantitles 7Lp»and

\ qﬁ(oﬂlzhyhich unfortunately cannot be measured separately

In most cases. A knowledge of this product can nevertheless
help in a better understanding of the thoory of motalse. Sirnce
it 18 often pousible to get a falirly reliable estimate of
elther of the two unknowns, we can compare the value obtained
from the other to the theoretical prediction of various models.

The problem of evaluating (\ Ve (o)\1>m
ig rather dAlfficult and In all cases except the simplest
our knowledge of its value is insufficlent. It 1s one of the
fundanental problems of the theory of metals and any
meagurenent where this quantity appears ls of Interest.

To get a good value for ')(b is also difflcult,.
The usual expression for iﬂ*;based on the free electron model
of a metal does not give too good agreement but for the
slmplest cases. To pot a betlter value a detalled knowlodge
of electronlc structure of the individual metal 1z essentlal,

Both these problems are discussed in more detall by Knight (1956).
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3,2 On the Line Width a7 the Relaxation Time in Metal

The problem of evaluating the line width and the
spin~-lattlce relaxatlion time is discussed by Bloembergen
and Rowland (1953). W®We shall only quote the maln features
briefly. ‘

The fundemental process Involved in the spin
lattice relaxation time Tl is the following. The exchange
of energy between the nuclear cpin system and the electron
system occurs when the two spinsg, nuclear and electronic,
f1lip simultaneously. The quanta of energy involved are not
the same and the difference of energy which can be written
ag ¥ 'R(ge Mg =~ g8 ) H  appears In form of a change of
momentum of the conductlon electrons. As only the electrons
nesr the Fermi level can take such small amount of energy, we
expect that Tl wlll be closely related to the Knight shift
which also depends on the electron ncar the Fermi limit.

Indeed it 1s found that

2 L
ar) _ Mg
T8 - TRT \ 77 (17)

This expression is found to hold only approximately and a
better expression is obtalned when the Interaction of the
nuclear spin with the other thon the s part of the wave

function of the electron is taken into account.



- i -

The width of o metal nem.r. line 1s governed by the
nuclear dlpolar Interaction (Van Vleck dipole=dipole intepr-
action) and also by the finite 1life time Tl’ the spin lattice
relaxation times At low temperatures the first process 1s more
Imporvant whereas the second predominates at hlgh temperaturesg.
Finally if the nucleus investigated has a none-zero electric
quadrupole moment and is pleced in a non-cublc field gradlent,
the line may l:e broadened considerably by this interaction.

The prosence of magnetic Inmpuritics i1.c. of
transition element in o metal is also an important factor
in the Lroadening of the line.

In the rest of thils thesis we have given a detailed :
descriptlon of the Pound-=Enight spacﬁrometer which has been built;
to study KEnight shirft and line width in metals and alloyse |
The working of each component of the spectrometer is oexplained
in considerable details.  The behaviour of the spectrometer has
been thoroushly studied in case of Al27. It 1s hoped that this
spectrometer can be put to successful use for investigation of
Knight shift and line width for dilute alloys such as Al=Mn and
Al-Fo as a prohe to the effect of magnetic lmpurities in motalse
As explained In Section § of thapter II, the ordsr of agcuraecy
required for such an Investligation is approximately 1 part per
million. With our frequency measuring system we have bean able

to achleve thls accuracy.
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CHAPTER II

DESCAIYTION OF Thi SPUCTaoMiTIR

le 2 Brief Survey of the Vsrious Arrenpements in lUse To-ds
N

There sre essentielly two different methods thst
heve been used in the detectlion of the nuclesr magnetis :recsonance
rhenomenon. These gre

(1) the method of nuclesr resonsnce sbsorption due
to Bloembergen, Purcell snd Pound. (Usunlly ebbrevioted as
BPP)

(2) the wmethod of nuclesr inductlion due to Hloch,
Yisngen end Paclkerd (usuully sbbrevisted se BHE). |

In the method of nuclesr resonance absorption, the
somple In the mavnetle {'1eld is pleced inslde 8 redlo frequency
coll snd the rescnence eflfects asre detected by thelr rescvion
on the circuit supplying: the rsedio frequency [leld wheress
in tvhe inductlion method two r.f. colls sre used, one sonnected
to 8 trensmitter snd e second at right sngle to 1t plcks up
the nuclesr resonsnce eifect end 1la connected to s recelver,

We will flrst describe briefly the verlous
spectrometers based on the method of detection of BPY.
Me&ny workers have deslgned clrcults for this type of detection

end we will describe the essentisl fentures of each circuis.
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l.1. The Brldze Arrsacemsnt of 3PV

Purcell, Torey and Pound (19L5) set up the firsst
suecesciul nuclesyr magnetic resonsnce sbsorptlon experlment.

[

thiey used & bridze srrengement which wss modirled by LPe (1948).
The princlple of the wmethod is rether simple,

Two slmost ldentical stuned ciprcuvits ere connected in persllel

to & sianel generator, The cell of one circuit contsins

the sample under Iinvestigotion snd 1s pleced Letwesn the

poles of the megznes, The dummy eclipreuvit In the other vroncn

]

is essentinlly the sowre but 1s not locsted in thie flelde.

-

An epdaitiorel eleetricnl nell-wsve-lengtl of calle

v .

ly pioced in one clircult and tnis euazles vo subtroot the

Fyd

output of

* “]

two eireulte end feed 1t ingte en amplifier. If
the two clroulcs were ldenticel end the length of coble
axactly hslf-wave-length the signsel from sthe dumny clreuit
would exmctly cencel thst Lrom the circuit conteining the
ssmple when tho frequency iz off resonance.

vhen sesrching for resonence, the bridre is never
completely belenced but is unbelenced to such e degrec thet
the voltuege sprecring st the point where the two circuits
Jjoln is lerge compered to the chenpe in this volteve by
nuclear sbsorptlon or dispersion,
The sdventepes of the brldge sre (1) recductlion ol

the r.fs level at the input to the smplifier to permit



conclderstle r.f. smplificstion befere detection, snd (2)
the reduction in the relstlve magnitude of output
fluctuntions in the signsl supplied by the slgnel nensrstor,
This method 1s & very versetile arrsngement for
resonence mgssurensnts on moterlsls of ell kinds but it is
not very converlent when the object 1s to search slowly for

uninewn linces Lecsure the Lridie must ke kept ceatinuslly

s

n osdjustsents  In suco cascs vhe mercine) oselllstor

rethod 1la preferred,

1.2, Marueinel Cseilllavor Method

The speclmen 1s conteslned in & cylindricsl coil
whichk 1e placed perpendiculap vo the direction of the
steady mr-onetlic fleld. This coll snd a condenser form e
tuned LC circult In the grid circuit of & r.f. oscillstor.
The oscillator may formslly be regsrded ss plscing & negeative
resistence In perallel with the tuned olreuls. Oscillstions
sre sustained 1f thls negative resistence compensstes the
positive shunt resistsnce of the circult. Rsadio freguency
current rlows in the specimen aoll snd the sbsorpsion of
energy occceurs when the resunance condlcion is resched. In
¢flcer, uhe positlve shunt resistance is decressed, end the
oscillntion emplitude rells every time the modulsted 'steady!

meinevlie field passses shroush the resonance iine,



The sudioemodulsted v.f. voltoze spperring scross
the ¢oll mey e elther rectlfied within the oseillastor
iteell or Lt csn we Further amplifled esnd thsn rectifiled.
The former iz done In su osclillevor detsctar clrcuizs.
Hopking (194%) hss used this type of clreuit. Only sulio-
amplificacvion s nesded wefore displayin: she glaonal.

ciroults heve beeu developed by Found (L9L7) and
found end Knl:bhe (L95%0) beged on the second sholce of
el fringe At padio Lraquency before rectliflicsolon (ses
Ssevion 3 for detells of & Pound and Aniluht specorometor).
Iv lesds to sn Luproved sisnsl-to-noise ravlo, the nolse
factor {g slmony The seme sy obbtalined In bridee uotiod.

The Instrument 1s ugeful when ths obgeet i To
digeonver the resonence line whose gyromegnetlic rsvio ls
only rouphly known, The line Is slowly sesrched by verying
the meznrtle fleld ot fixed r.J. or vsrying the frequency
st (1xed field,

The werzlngl oscilleteor metnods hove e 2reat
sdventuge sg compared to bridie methods. They zive 8 pure

I
sbsurption gl ral proportiunsl to KA+ The dlspersive
component or the zueceptivility produces & freguency

3

woduletion of the nroeillivtor oo wiich the rectificr dces not
respond.
in there wethods the level of the oselillistion la

wept low Lo sehle

2o

e wexlmum genclitivisy. Also, st hicher



levels the nolse fector is increesed. oJut the msin resson
Tor keeping the level low is to prevent the ssturstion of
the specluen., The ro.f. amplitude across the specimen coll
ceninot be reduced much Lulow Ul W te get & stoble
operstion ol the oscllletor. Heny solide would ve seturcted
et this level. ror sollds hevin: & long spin-lattice
relexstion time, it often becomes necesssry tu work with

8 refo lovel of few millivolts to evoid ssturestlon, The
merginel oscilletor methods csnnot te applied to such

cuses and in this respect they sre limited in thelr applicetion.

1.3 Super-iieceneretive Methods

A super-rezenersvive oscillator 1s characterized
by the repesated bulld up snd decsy of 1ts oscillstlions.

The clrcult 1s made slternstively oscillseting end none
osclillecing by the applicstion of & periodic voltsze lrom
¢ separste oscilllsacor to one of the electrodes of the
oscllletor nubc, The source of this perlodic voltsi e 1s &
separete osclliletor collicd the wuench oscillstor,.

As in the msrrinel oscillator method, the semple
to e investlgeted 1s placed in the coll wiich forms the
tuned LC eircult with & varisble condenser, 7The ogcillator
tube eflectively pleces 8 negetive reslstsnce with the tuned
oircuit, The negstive resistence 1s inversely proportionsal

to 1ts mutual conductance, During the 'on' snd 'off! periods



the mustuel conductence ie rendered hizk or low thus helping

in bullding

2

or decaying of the cscilletione.

The Guench frequency end the circult consvents
ere pdiusted o that the oscillstlons bulld up exponcutislly
from the level or sny voltage of the correct freguency
developed across the clrcult.

Durin., smd just after esch ‘on' perlod, the speclmen
1¢ subjected to & r.f. fleld. Two eflects moy occur if the
coll 1¢& oricnted correctly in the stesdy mornctice fleld,
uhleb 1g adjusted to the resonsnce onnditlon. HMirst, the
nbsoprptlon of enerzy by she nuelel produces & veducstion In
the integzrated pulss cneryy. Secondly, if the perlod of the
queneh oscillator is not lon; compored with TZ' the Intepsrated
pulse cncpiry is increased. In :zzneorsl, the resonence
condition czvses o chunce of the lnvegrated pulse enerpgy whilch
moy ve deteened cluhnp wy srid reccificacion‘in the osclllator
or by reception Iin s recelver tuted to the proper radio
froquencye.

This method was introduced by Roberts (l947) for
the mewsurement of nuclespe magnetic moments. Clircuits have
been described by Soutlf (1951) snd Cutowsiky, Meyer and
“eClure (19%53).

The reeponse in the super-regeneratlive method 1s
very complicated end makes 1t unsultsable for gencral

experiments on nuclecr masnetlic resonesnce. It is comwonly



used in experiments for the determination of nuclear magnetic
moments. The slgnsl-to-nolse ratio obtsined with thils

method is quite good.

l.ljs Nugleor Induction iethods

In the nuclear iInduction experiments two coils
are used. One 1s & trensamlsting coil snd the other Is a
recelving coil. Sonetimes 2 cosbined transmitting and
receiving coll is used. Bloch, Hensen snd Pecksrd (1946 8,b)
deviscd s double=coll nuclesr inductlon msthod which wes
used in whelr discovery ol n.w.r. phenomznon,

The siginel is received In thie second coll pleced
wlth 1ts exls perpendlcular both to the asteady fiéld snd
to the axis ol the trsnsmlitter coll. VWith a8 perfect
geometéio arrsngement 1t is possible to get the signsl in
the recelving coll only due to the precession of the resultsnt
maznetic moment of the nucleil, Thils signal msey be amplifled
Lefoare rectificetion,

The specimen 1s plsced within the precelving coil
between the poles of & magnet. The transmitting coll, with
its axis in the third mutuslly perpendioculsyr direction is
supplied with current from & signsl generetor and is wound
outside the receiving coll. The receiving coil is tuned

by & puraellel condenser snd forms the input clrcult of the



first steze of 8 r.f. smplifier. The method of displeying
the slanel is the ssme s2 with the brldge arrsnzement, The
only essentlisl difiference netween this and the bridge
srranzement lie¢s in the r.f. circuit.

The nuclear induction methods have #ot ceprtsin
advantsge over the nuclesr resonsnce methods ss they can
zive Information sbout the sizn of nuclesr mapnstic moment
and the dispersive component of the signal,

Thers is nou wmuchti cholce between the sinrle and
doutle~coil werhoda of observing nNemerp, For work st low
tenperatures simpllicisy wlichin the ceryestet ic desired.
The single-coll mevhods erec preferable in such C8EE8,.

In vhe nuclesr inductlon method the r.of'e level
cen be voried over a mucli wider range then in the mer:inal
oscilleator mcthod snd shis represents en sdvantaze og

mentstioned before,

2. 4 Discussion of our Requlrewments

Ag mentioned in Section & of Chepter I, we wanted
8 gpectrometer to lnvestigete the varistion of the Enisht
ehift end to study the line shepe and line width of the
Nelere spectrs In il-kn system &s & probe for the effeects of
the megnetic impurivies in pure metels. Zventuelly these

messurenents will slso ce carrisd out ¢t low temperatures,
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lsxperiments at low temperstures require thet the grrangement
within the crycstst be simple snd this polnt of view had to
be token Into considerstlon when choosingz smong different
methodses Ve preferred gingle coll metbods for nuclesr
ausorption to nucigsr induection wmethods &s the letter
requlre quite 8 compliceted set up witnln the cryostat.

The sinsle coll methods require only one coll linked to the
oscilletor by @ siuple cosxisl cuble,

in vhe single coil methods we could choose among
the bridse srrangement of BPF, msrsinel oscillator method
snd super-recdenerstive metheds, Whille mekin: o brief
survey ol the various srrsnzements In section 1 of this
Chapter we mentioned thet the response in the supcr -
regenerstive methode ig difficult to interpret and becsuse
of thet we hove rejected it. We were thus left tc choose
between tvthe bridge arranserent of BPP end marsinsl oscillastor
method,

The bridze arvungzement hes the drswbock thet it
bss to ve Kept coutinuslly ia sdjustment and slso 1t sives
8 mixture of susorprion ehu dispercion signals unless
cerefully sdjusteds We tvhus declded In fsvour ol bullding
© 8 spectrometer baged on marzinel oscllletor mechod wwich se

mentioned esrlier plves a pure absorption sigusl,
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We have a pormanent mognes zlving a £lald of about
7 kg (see Szetlon 6). 8o, the choica of the type of spsobroe-
meter was reatricted to one whlch operstes with 8 varying
Froquency and a constant msgnesle Fleld, Any device far the
study of nuelsar resonsnce affects Iin solids should be o
designad that the optlmum algnal-to-nolse ratio is nesrly
achieveds IFor the measurcment of ths shlft, an experimentsl
arranenent walch plots the derivovive of sbsorption 1s best
for deterninin: exsetly tie center of she line., Tekinz sll
these Tactors Into esccount 1t sppesred thet the spectrometer
deseribed by Pound snd Knisht (1950) would be the moct
sultrble. In fact our speccrometer 1a quite similar to that
desceribed in Teeters (195%5). [His work is s study on the Enight
shift in alloys and his spectrometer wss found to be exsctly

what we necded.

3« Description of the Spectrometer (Pound-Knizht type)

The working of the apectrometer is best understood
by consldering the block diegram in Fig., 1. The sample is
conteined In & cylindrical coll pleced in the field of the
permenent magnet with its axis perpendlculsr to the direction
of the field. It 1s conncetod by a couxisl cable with @
varisble condenser in the osclllstor detsctor box forming
a tank circult. The svesdy mognetlic field of the mesnet

is modulsted 2t o low sudlo frequency (74 ¢/s) by meens of
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a palir of coils sttsched to the pole feces of the meznet.

The resénance condition 1s obtsined by sweeping
8lowly in frequency snd thils 1n turn 1s cobteined by driving
slowly with & synchronous motor the verleble condenser in
the tuned clrcuilz,

Lo the osclllievor detector, tine r.f. oscllletion is
first smplificd Ly two or four steres of the r.f. smplifier.
when the resonsnce condition is obtelned the r.f. corrier is
pudio wmoiulzted and this is demodulated in the detector.

The detected slignsl then yoes throuzh ar audioc preamplifier
before,leaving'thé osclllstor detector box, #lso included
in this clircuilt is‘gn sutomatlic volume control (A.V.C.) whose
.role 1s to keep the level of r.fe. osclllevion constsnt over
long periods of time end stop the oscillation.emplicude

from chengzing es the frequency is chsnged.

The sudio signel coming out of the presuplifier
can be observed direécly on 8 C.iia0. or after passage through
the Phase Sensitive Detector (F,4.D,.) recorded on a chart,
These two methods of detection of the signalvare often celled
wide 8id nerrow band éetectlon respectlively.,

In the first method the absorption asignel 1is
displeyed on the oscllloscope. The Lle¢ld is moduleted with
en sumplisude seversl tlmees the width of the sbsorption line,
The sipnsl from the audlo smplifier is sent to the vertlecel

plates of the C.i.0., the time base of whlch runs in
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synchronien wish modulation. The wvscillograph trece then
wlves an Indicstion of the susorptlon line,

Por wesk rssonsnce lincs the Pe3.Ds method is used.
Thre modulevlion smplitude 1s cut down to & fraction of the
snticipated line width. As the resonsnce is paased through
by tine chenging frequency of the oscillstor, the level of
oscillevlon veries coherently with the modulaztion in a phase
that reverses at the center of tlo line., The tuned sudio
emplifier snd P.S.D., fed also directly with the modulastion
Crequency, produce 8 d.c. ovtput whinh Le proportlonsl to the
Tirst derivetive of the sbzorption line,‘which in then
recorded on the chart,.

The audio frequuiicy orlglnetes from o low
frequency osclllstor wiioge sizxnel 1s eent to g distriiution
box cowmprlising tne turee units shown 1o the block diagram
as usin end Yhsse. Tihe role ol csch unit is to ¢lve out
s audlo slznel of the proper emplitude snd phuse, One of
tiiem feeds the Foh,De A second is used lor the coliuration
of' the osclilletor detector (not used to date) or else to
drive the horlzontsl plates of the CeR.0s. A third one serves
to drive the mocduletion collssafter proper smplificotion.
throuch & power amplifier,

¥inelly in the block disgram shown in Plz. 1 we

cen gee the veri-us elements of the freguency meters. Hirat



a8 S.Ce 221, which 18 2 frequency meter unit developed by
the Army ond is ecepoule of en eccurscy of a few hundredths
of 1ie. "This unilt works independently.

The other elemente form & unit capsble of muuh
hizher secursecy. The principle involved is the following,
& signal &t 10 ke/s from a low frequency stenderd of high
stablilivy 1s muluiplied & few hundred times snd mixed in
& communieation recelver with the signsl emitved by she
spectrometer, The beot frequency between the r.f. siznel
¢nd proper harmonic ies displaved on 5 C.R.0, whose time
base is driven directly st 1 ke/s or 100 ¢/s by the oriiinel |

low frequency stenderd, Liscajous figurces sre obteined on

the gereen of the Ceidels which peruit the identlficesion of

the frecuency every 100 c¢/s, Wwith thiis method explsined in

more detsils In Section & of tvhls Chspter, sn sccurscy of

aibout 1 perv per million ls pousible.

3.1s The Oscillator letector

The clrcult dlagrum of the oscilletor detector is

given in Flgz, 2. All this circuit was mounted in s brass box

10" x 12" x 4", with very rizid wells to svold microphoniles
snd to lnsure risidity of the component parta. Also in this
box, there sre psrticuler wells to isolaste the verious

circuits, In one of tvhese there ls the oscillator circuit
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with the verlieble condenser of the resonant teuk circulct.
Phis 12 & Capdwell strsisht line {reqguancy verieble slr
condeuscry (L9-220 MAF} waoleh alresdy includes 2 demululi-
plicsction wore sad geer arrengement, 7To drive suls condenser
and sweap over frcguency, & motor ls mounted dlrectly on the
bross box with s second worm snd gesr arrangement sttached

to the brasses box.

The sample coll thst zces in bstween the pole
sleces of the wmegnet below is held at the end of e rigid
coarxlal line msde of & central copper wire snd & hollow
bress cylinder 1/2" o.d. This coszliel line caen be ettsched
directly into the breoss box oy sn emphenol connector.

Thie component perts of the oscillstor-detector
cun ue seen on Fig. 2 snd they are; an rofs osclllotor, two
two stepe rof. empliricr, & desector or demoduletor, an.
guélo presmplilfier, & celibrator &nd &n sutometic volume
control {or the oscllletor.

The principle ol operstion of the osclillator has
been discusaed by Pound end Knight (1650). We wlll explein
it briefly. As mentloned earlisr, the coll ond the varisble
condenser form & shunt resonsnt cirecuit, The r.f. signel
is supplisd to this circuit by connecting it to sn electronle

circuilt that forms 8 two terminal nezstive reslistsnce snd

thus sustains oscillstions 1n the resonatling c¢lrcuic. To
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just . susteln oseillacion the magnitude of the neastlve
regsigstance must be just equal to the posltive shunt resistence
of she tuned clreuit, The level of oscillsvlon is sensitive
to the small chenzes in shunt reglstonce resulsting from
passing Shrouzh nuclesr resonsnce. Such varletions in level
are observed as veriatlons in the smplified r.f. volssre
sfter rectificosion,.

A 6J6 twln telode is used Ffor the ogalllstor
Leon iy sad the signsl from othe ssak circult is swplilied
by a two stsve r.T. 5adLliflep pnd can be further smplilie
by another sinllsr two store auplifler at wlll, Afverwards

thie slygnel 1o degected s5ad che envelope ol the amplitcude
moduleted r.f. corriecr is amplificd by & one stare audio
gruplificer or presmplilicr before becoming availsble for
displsy. A simple sutomstic volume control is Ilncorporased
in tne clrcult to kKeep the level of oscillstion conctant with
a8 time constent whilch ls lergc compared to the time necessary
to 3o through she resonance signal,

The amplitude of the oscillevoar con be eveluaved
by e microsmmeter wiiich rseds @ curreat proportionsl to
the r.mes,. 6r the rol. after aupllificsslion, Minelly this
level of oscillietion cen Le sdjusted over g lsrge renze of

volue wy verylng the cethode Llcs orf cthie GJ6 snd the 1K
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wotentlomneter In thz feadbeck zircult of the oscillosor.

In this elireculv there is siso s celibrator which
lg =n smpliflzr thet cen fezd to the oscillutor on asudlo
freguendy ot moriuletion frequency, Thet sudio siznel is
superposed on the r.f. carricr before r.f. smplifiocation,

It permits & colibravion of the smplitude of the Rem.r,
gipgnsle 1t Lzs not been used in the pepot but will be
useful in cowmpgering the suplivuve ol verlious Demer. slanels,
we would like befopre closing this section to mske
Lhe followin: commentes oi prectlcel interest. The electric
motor is fixed on the slde of the box and is connected by
8 bLrass axle to & worm gecar which drlves & spur cesr
sttached to the sheflt of the condenser., It was observed
during s serles of experiments that the proper matching
of these two gesre is very Importvants. If they sre even
slizhtly vizht probsbly the condenseyr does not turn
properly eand as e result of this a hishly deformed signal
1s obteined.

It was observed thst ueing only two stegzes of r.f.
smplificatcion geve & big signel-to-noise rptio and there was no
appreclscle chanse by using four stszes, When properly =et

up thie spectrometer :ives & 00U Sigial,
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3e2 The Phsse Sensltlve Detector

The eclircult dlsgren of the phsse zensitive detector
and emplifier 1s shown in rig. 3.

The signsl from the osclllzior deteetor, controlled
av the input Ly an zutenuator (500 K potentiometer) iz flrss
smpliflied by & nearrow bend snplifier (5693 low nolse premium
tube). The nerrow bhend 1= obtelied Ly the twin-Tee [fllger
unlalh psesés sll fecgquencles execept a8 very smell bsnd (a
few cycles arcund T4 ¢/s In the preczent e¢sse). The twin-T
network serves 65 8 negetive feedbsci on tha control grild
of the 5693 snd blocks 31l signsl components except those in
the vicinity of 7k ¢/s.

The amplified siznzl from the 5693 1s then sent to
s phase inverter (68L7) in which the two control zrids of the
double triods are c¢svhode coupled to each other., The two
slznals from the plstes are &t 180° from each other, 0Often
In pes.ds the phsse invertor stage is replaced by s center
w2p trenslformer which hoe the ssme role.

The two signals at 180° from esch other then zo
shrouzh & douvle cothiode follower (O3LYT) for impedsnce
matcinlng frow whilch they proceed to the control grid of the
phase detvector (two 68J7). This stsse elso provides lor deCe
amplificatlon, A reference slgnsl, which is for convenlence

gmplified by & two stesze smplificer (using a 68H7) ie fed to
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the suppresascr grlid of the two 65J7.

The change In emplitude of the sudlo signsl from
the osclllator detector 1ls thue tranglated into & d.c.
smplitude difference (note the 2 aF capreitor to zround on
each plute to short any e.c. component). On one tube the
suppressor voltege will old the sipnsl of the control grid
while ou the other tube, (where the control signal is st
180° from the first) the reverse will ke true.

Finelly the d.c, nignels from the two plates of
the two 63J7 will be channelled vo the dec. ampllificr or
difference smplifler whiph wes a 65L7 (double triode).

The current through eoch plate losd (10 K) will
depend on the bilos of eech grid. The plete potentlscl rerosg
s two willl then be recorded by the current thst will flow
through the recording wmillismmeter in one direetion or the
other,

A decsde consenser pleced ecross the two control
grids of the lset 68L7 together wish the L.7 M resistor
will control the time couasisnt of the difference smplificr
frowm & few 'tenth of & secoud to e few geconds. The inpug
slanel to this ciprcult con be dlspleved on the (oX.0. 8ftep
noerrow band rmplificotion,

Care wust ce tsken that the reference signal

vlaced on the suppressor grid of the phsase detector (two
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68J7) ve lerge (stout 35 volts peak-to-poak) and yet
undlstorted. For uthat resson sn output frow the plate of
the last sto:e of the 6SN7 i1s evallable for obssrvsiion of

tiols VOltﬁ-_:C ony the Ct"i.\.}.

3.3 The FPhasse and Galn Control

From & single sourecs of sudio frequency 1t 1is
necessary to obtain many sources st a glven frequency to feed
verlous parts of the spectrometer as we heve seen in the

disecusaion of the Bloek Disgrem. These nre to the powep

guplifier for modulation of ths magnetic fleld, the eslibrstor

vf the oseillatcr desector, the reference input of the Fe3.D,
end the time base of the C.32.0. These sisnels must he st
exnctly the some lrequency but esch onc muct hsove 1ta own
auplicude end phsse with respect to ghe othiers, For thst
we looked {or o giaple network thst will sllow us to change
tne phege of the inputv siznel snd s aimple sttenustor to
control the gein. The circult dig;rem hes been shown in
flze he

As msny of these circults may be put in parsllel
&3 is necesssry, teking care thst the impedsnce of the input
tranaformers metch that of the sutput of the low frequancy
oscilletor (in the present cese & Hawlett Psckerd Ng. 201 C).
It 1s found with our srrensement thot the phase nnd smnlisude
of each csn Lie veried over & wide ranse without disturbing

appreclebly the phase end smplitude of the others,
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The odulstion of the “ernevic ield
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‘The moduletion ol the [1eld is accompllshied by
sencGine oo 7l efs fregyueney throuh e power suplifier to
cwlls avunted on the pole {pces of the wa.met,
Lo Uind she emplitude of modulsvion in causs the

’

freguency is edjusted fivst on left ond then on risht of

troce. From these Trequency measuremencé g the known g
rfeactor ¢ #1127, an evoiustion of wodulrstion smuplitude in
touse 1s msdes. In was observed thut the wodulstlon is 3
JBUS8 pesid to pend iorzb.m.s. current of 30 sillisnercs

vlowln o shrou b the ecolle, wnlch in the proqent seu up is

L mexlomun current we osn poss uncloitorted,

y ‘o

3ehH  Lue secoroln s syeren

ranl o ls

vl
e

2L resonsnee

e

dite Mlrest deprivegive o

i

recorded o the Chorps ol Ulhe Lestorline Sncus reeordoy
(Cne Llllemeetor Lefeda)e Toe recorder hos llve stondspd
chisrt Tfeeds in inches per hour or ninutc.

thils recurder has ¢lso & pen sectuptced Ly a amaell

electromsnet to sut Lreguency nmorders on she choprt,

3.0 The Fover Supclics

We have used resuvlated power supplies (Hodel 29
pud 2, Leadne Mlecnronles Jorpe) for the oscillesoredesector

end wie Feledle clreoults rerpectively,  The behaviour of



thiese power gupplles wsos found setisfactory and their asteblllty
waa found to te ;o0d enouill not to requlre ony line regulstors.
The filsments of e©ll the tubes sre heeted by 6 volts
D.Cs butteries tw evold the 60 cycle A.C. ripple. For long
perlodys of operation of the spectrometer, the bstterlies are
contlinuously chorged by the battery eliminevors. This method
of simulteneously cherzing the batteries as the filements
of the tubes sre kecing heated 13 quite sssentiel beceause we
observed thet the osclllstor performance is very sensitive

to the fllament voltses.

lie The Preparation of Semples

While workins withi the spectrometer we loolted for
gl nesls eiltonar Lrom sslis of the vetal cr the wetol 1tself.
The go8lt ls dlissolved 1n dicnllled wetepr snd a concentrated
solution 1lg used tc look for the signal,

For the study of line shape and rcsonance f£reguency
in metels 1t becomes necesssry thet the powder used has very
fine perticle size. If slze of the psrticles 1is grester
then the sitin depth et the given froquency and temperature,
only the nuclel which 1ie at the top of the surfaece will
sbsorb encriy end the intenslty of the signal would be

decressed. The sitin depth is calculoted s8s {ollows;
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where d is the skin depth In cms, JQ ls the resistlvity
in ohm ew. snd L is the frequency in cycles. M is
perueabilicvy end lts vslue is approximsetely unity for non-
magnetic materiols. For s typlcsl csse of 4127, the skin
depth at 7., Me/s (epproximete n.m.r. freQuency of Al27 in
our mermet) snd 20° 0 is found to be ~3 x 1073 cus.

The bigper glze of the particles cen also sftect
t.e shape ol the sbesorptlon line. Bloemberzen (19%52) hss
shown thst if the dimensions of the perticles sre not smull
compsred with the skin depth, the abacrytlion line mey Lecowme
dietorted and chiited,

A slmple wotor drlven £ilins mechine was bullse
to obtsin fine powdered gomples, 4 few trlel runs were made
to file some commerelsl Sluminium evellsile in the
depasrtment, The filinus were then passcd throuzh s Tyler
Stendard Screen, Ho. 325 of hole size 043 mi. Nearly all
the [{1lingzs psssed throuzh the sereen indicsting an svere:e
porticle size smsller thsn the scrocn size.

To mske sure that there was no 1ron present in
the filed powder, the Tollowing tesv was performeds

The powder was treated with dllute sulphuric acid

angd then neutrsalized with ammoniwn hydroxide, 2ddling s
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drop of smnonlum thiocysnate did not result in red colour,

thua confirming t..¢ sbsence of iron perticles from the file.

5. The Messurement of Freguency

The messurewents of frequency with the spectrometenr
described in this thesls where s perwsnent magnet is used
requires that frequency markers be put on the chart, where
the slgnal 1s recorded, st suffloclently swall interval to
allow for zood interpolstlion., Ry far the best method in such
e case 1s oneé in wiidch the rof. from the oscillastor detector
ls mixed in & recelver witin & slmsal of known frequency snd
the Leat frequency is mescsured,

For 4127 for instence the resonsnce Irequency in

our megnet is of the order of'7.5 de/8. The Knight shift
for pure Al27 is 0.162: (Knight 1956) which mesns that the
line in the metal 1s sbout 12 kc/s higher then the selt.
The chonzes from thle shift for dillute alloys are probebly
gulte smell may be of the order of 100 ¢/s. The accuracy
we must eim for is thus about 10 c¢/s in 7.5 Mo/s or
epproximetely 1 part per million, 4 better sccurscy 1s not
necessery as the center of the line csnnot be determined to
- better thsn 8 few tenths of cycles/s since the metsl line
1= wide,

Thic accuracy 1z vetuer then whet can be obteilned

wilth army type or Irequ.ency meter ond iv cen be obtsined
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easlly with s simple errengewent ss shoun in ¥iz, 1 snd
explained in Sectlon 3 of this Chapter. We will slvé below
a short dlscusslion of the verious components end of the metihod

of operastlion,

5.1 The Components ol tie Frequency Meter

The besic component le sn oscillstor capsble of
zlving 8 fundesentel [rogrency with pgreet stebilivy. This
is evellable comaercliolly., ‘The Hewletvt Packsrd Low
Frequency Stendard hes sn oscllletor which is concrolled by
& erystel held ot constent tempersture in an oven. It glves
out slznals of 10 e¢/s, 100 c¢/s8, 1 ke¢/s, 10 ke/s snd 100 ke/s
with & cleaimed stsbility of 1 pert per willion over a period
of a week, Using e frequency compsrstor it can be cheched
Breinst W.W.V, lor aboolute value,

A 10 ke/s from this standard hae then to be
multiplied to glve hl:h hermonies in the region of 7.5 Me/s.
These harmonles cen now be mlxed in & communicstlon recelver
with the refs slznel of the oscillstore-detectur. The output
from the receilver ls then sent to & C.X.U. Che¢ time bose of
whicih Ls dGriven by 8 1 ke/s or 106 ¢/s from vhe standard,
Liszssjous pstterne cen ve counted snd freqguency merkers put
on the recorder's chsrt st 100 or 1000 o/s inteérvels.

To obtain hil h hormonics cof a given frequency the

sine weve f{rom the standard ls pssscd shrough a square wave
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generetor having e rise time Inversely proportionsl to the
frequency of the high hsrmonics desired. This square vwave
when snelysed by Fourler snalysis ieg found to be rich in
cermonics of 10 ke/s in vae desired PolsG,

fo outein oils feat riee tinme (A~ 0.1 Av 5) we
used wthe followin: nwrwonle zenerctor circult which is shown
in Piz. 5, The zinvecidel gignsl is spplied on the #rid of
the 6J6 whicu operstes ss 8 cless C ampliiler, It is
suplified szein in the second stsys the pletd losd of which

ls & smell redio Irequency coll which produces s rinzing

ko)

eround 1C Mo/s end iwproves the hsrwonlc content in the
hlgh frequencies,.

The signsl from this smplifier is loosely coupled
to the receiver. 7The requirements for the recelver sre
200d sensitlvity end stybility and & band width sround
10 ke/s. The Lddystone Ho. 840 4 setiofies sll these
reguirerente. It has the sdventsesne of good reproduclible

tuning with a sufliclentiy good vernizr,

5¢2 The ilevnod of Uperstcion

The liret otep 1s to ldertirly the vorlous harmonics
of 10 ke/s on the receliver, This 1s eesily done usinsg the
recelver in the C.w. operstion and calibroting with 2.0, 221

wideh gives & relisble messurement of sech ke/s % 100 cycles.
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Once the vernier of the recelver is thus
celibreved, 1t remeins only to cet the recelver at the
propar pesition end interpret the Lissejous patterns on the .C.R.O,
to register every 100 c¢/s or 1l ke/s on the chert with markers,
The receiver need be reset only after the f{recuency has
chaenzed by 10 ko/s.

An 1lluestrstion of tvthis technigue cen be seen on
FPlate I whare & signal ol AlZ7 is recorded from & solution
of AlClB. It cen be sgeen thset by csreful interpoletion the
frequency of the ecenter of the line (which is the [irst
derivative ol the ebsorption curve) is found within 10 c¢/s.
Also the line widoh ceii ke determineg wlth accursecy 1if we
define 1t ss the distence betwegen maximum end minlmum of the

derivstive,

6o The Maunet

The permanent mapgnet used in this work is on loszn
from Atomlce Enerjpy Commision. It hss been manufoectured by
Indiena Steel Product (Indlans) end 1t was designed to hsve
the vest homozenelity over the ler:;est posalble volume,

The gsp of the maznet is 2" and the pole fsces are
8 inches In dlemeter while the pole pleces are 12" in
diemeter., The yoke wnich serves as 8 return path for the
magnetic lines of flux ls rectanpuler and of rectanguler

cross-gsecvion of 14" by L".
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Chert Showin: Prequency lMessurements Technique

4127 Bicnel with frequency msrkere every ke/s
from 7,509 to 7,%1.3 and with frequency morkers every 100 o/s
from 7,511 to 7,513, The center frequency is found to bLe
7511.90 ke/s t 10 ¢/s.
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For convenlence the magnet has been mounted
horizontelly on 8 wooden ted.

We thou:zht 1t would te sdvisslbe to Inveastigete
8 much ag poselble she stote of the megnetie £icld belore
starting our Investigetions becsuse of the unknown past
history of the magnet sinece it left the rienufscturer, Oup
requirements ass far os homozeneity ies concerned are milg
88 in our Iinveatigstion of the width of the nensr. lines
we search are seldom less then one geues, fop making o
detelled exauinction of the resonsence line, it 18 emsentisl
Chit the wmignetic rield nomorenelvy Chroushiout the volume

whici the specimen ocousler we Letter then the width of the

Ihe nagurve of the mecsuremsunte involved in inicht
&nift mesgurements requires thet the fleld be ss stoble ea
possible during the wmessureuents. Jutcwsky, “leyer end YeClure
@953) say thet the varistion of the magnevtiec ficld of 5 permenent
magnet with temperiuure ls approximstely one part in five
thoussand per depree ceutipgrade. Our lesboretory belng subjected
to change of tewpersture of shout [ive degree centigrede st
lesse Tor 2 bours period during the winter and some time as
much as 2S° ¢ during the summer, the rote of chengze of the field
with temperature may be up to 2 geuss/h. This is certainly

not escceptable, ea In messuring the shiits the mesthod is to
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scen continuously 1n frequency end recording first tke signsl
in 2 solution snd then in the metal, over & period of
approzimstely 15 minutes or mors. Becsuse of the sccuracy
with which we messure these shifts in various #lloyse, @
temperature veristion of 10 millirsuss per hour is tolereble,
It was thus decided o study both the tempersture
varlation of the¢ ms¢net sud its homoreneity. The result

ol this invesvigsvion 1s detsiled in Chepter IIT,
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CHAPTER TIL

A Sgudy of the Performsnce of the Speotrometer

1., Introduction

We hove elready stanted in Chepter II whet are the
requiremente of the spectrometer for the proposed investigation.
We heve slso shown thet the measurement of frequency wes possible
with the preseat set up to the depree ol sccuracy reguired,

in btuds cnesver vuc wlll discuce the behsvliour of the
other components of the spectrometer. First we wlll diescuas
the detection of signslsfor veriocus nuclei, in Section 2.

Then & very importent pert of the spectrometer, the msgnetic
fleld of our permanent ma;net 1s svudlied in Seetion 3,

Finally s typicel messurement of the Knlgsht shift on Aluminiun
was gccomplished snd the results obtained sre discussed in
Section L,

Ye will thus show thrt the spectrometer, even if it
ls not 1deal, cen bte put to do some useful investigstion of
the effecte of magnetlic impuritics on the n.m.r. line of

metels.

2¢e ‘Pne Letectlon of Verious 3iznsls

The devection ol ne.m.re sivciinls ls difficult becsuse
in genersl this elrnel e of the order of mepnitude of the

11olse level of The ocsclllator devector. Thus unless some
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conditions sre schleved the siznsl ls indistinguisbsble

fros the nolse. TIhe conslderstions thet improve the signsl

e,

To neilse revlo heve been dlocussed at length by vpPe (19L8)
end Ly Andrews (l9%6). It requiresg that the [1llin: factop
0 the sesuwple coll we 8s lsrze os possible to et the
meximum numsey of nuclel to absort the r.f. energy. The @
or quality fsctor of the coll must be hizh and the ert of
making good ocolls hes been discussed by many suthors. The
level of osclllsation must slso meet sSome requirements bssed
on Tl end T2 to svold saturstion. The fect that the
Pound«~iniszht asrrengement does not perait very low levels of
oscillation restrict the number of nuclel from which we cen
zet 8 good signel end thls explsins in psrt our
unsuccessful sesrch for e signsl from 26,

The smplitude ol modulstion hes slso to e tveken
into consildervtion vo et & strong sluual, specislily in the
cage 0f nervow oené deteculon,

The amnlltude ol rodulerion, the requirements on
the coll, the suplitude of the r.i. oscillstion, the
enplificscion of the r.f. signsl, tvhe amplisude of the s.f,
8iznal in the phsse sencitlve detector snd the vime conscant
ore 8ll verlebles thet hsve to be optimized to get the test

slznel-to-noise ss well ss the most felthful line shape.
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The setting ol these varlsblcs csn ve in psrt obtained from
theorcticel conslderstions but ln grsctice there is e cood
deel of trisl snd error.

by fer the ceasiest slignal to detect 1Ies thsav of
rrotons. Two treces Trom proctons sre shown on Plete IL.
ilere the resongnce frequency in our msagnet is spproxinately
28.8 te/s. It is difficult to evsluste the signal-to-noise
in such & csse but 1t is certeinly ~xrellent. This was
observed frowm dletllled water to which s small smount of
psrameggnetic impurity hses been added, since the parszragnetioc
long in weter shorten chuoTl. This widens the line,
increusee the oi.uslevto-noise ratio sud incresses the
suturstion level,

The eirnel or A127 1s shown slco on Flate 1I. Our
objective wao to et & sooud signel from this nuclel and sgeln
the slgneleto-noise is difficult tec evslueve and certeinly
is sufficient for our purpose, Two similsr signsls sppeer
on the chart shown,

#inslly on Pleste II we ce&n see the signel obtsined
from Ne23. The resonsnce frequency here 1s sround 7.6 He/s.
The gignole-to~noise rstio ic only spproximstely 15:1, This
poorer ratio is expected. ''he reletive sensitivicy for an
equal number of nuclei of Ne23 as compsred to proton is known
to be 0409 in the sesme 'ield {(cf for Instsnce the Hw3 Table,

3rd edition, published by Verlen Assoclstes, Pslo Alto, Ualifornin)



Flate 11

Chaprt Hecordinae of Sipnels from il, 4127 snd Ha23

fypioel signels from Hl in diptilled weter, A127 in
8 ALU1l, solutlion snd Hse23 in o HaCl soluvion, Hotlice better
slynulasc~-noise of protons end Aluminium as compared to
godium,
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Lven vhen the spectrometer could be used for the study of
sodium, It must be remsrked thet better ratio could be
achieved with this spectrometer for Ne23 by obtsininz
better conditions of operstions for which we did not look
in this porticulsr cese.

We have f'ocussed our stiention on Al27. The
next step was vo look Jor the signeal from s metelllic ssmple
oi aluminium, As we hsve slresdy expleined In Section |} of
Chepter 1I, to get 8 wood slsnal from s wetsl  the sswple
must be in the form of small psrtlicles lsoleted from esch
other. Vith aluminium this 1s essily achieved as s costing
of aluminlum oxide will creste sufflicient Insuletion for
the psrticles., The essiest wey to obsteln smsall parcicles
ol sluminium 1s to I'lle & plece of the metsl with & filne
grein file. The perticles obtained are of the deslred
slze snd when looked at uandcr e microscope they appesr ss
the turnings thst come out of & lsthe,

On Plste III we hove exemples of the slmael from
metallic sluminium, In this uppsar trsce we heve & si,msl
frov aluainiume dust whilceh wes svallable comumerelelly. This
duet when loowcd et under the mlcroscope looked like small
aggregates uf vsariouc smooth forws. The psrticle size was
compaursble to the riling we have obteined. DHelow en the

left of this plste we sce the slgnal from our filings
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£1e? Hloued in Meunls

Al27 Signels feonm comnerclsl dry dust sad frow
sluminiva filed 1o ths laborstory sud csat 1o waxe Hluo o
sonpsricton between ALl27 in fLOls soluvlon end slusinfum
comrarcisl dust in which the snflaht shifs 1 exnidvitade.



- 5L

which wes poured into solld persffin for convenience of
handling. The lstter gives a poorer slanel se compured to
the commercisl dust,

e belleve thot the difference comes esasentislly
Lrom the Lot thet our filings hevin: teen cold worked are
in a strained state sud that the ouadrupolsr effccet is
reaponsible for the poorer slunsl. Anncsling the ssaple
will undouttedly improve che signsl.

#inelly on this Plete on the lower rlzht 1is
displayed the slaznsl from AL27 in Al(:l3 end in sluninium
dust es the frequency 1s incressed continuously. The Knicht
sulfe is exhiblted here very clearly snd it 1s‘from gsuch trace

that the shilv computed in Secctlon l; was mecsured.

3« The Magnetic Fleld of the Permanent Magnet

The requlrements for the mognetiec r'teld for the
proposed lnvestigoation sre ss we heve wmentionnhed before that
the iJleld should ve revgonsly stabtle over s period of time
BN LoMo:encout over the voluwe of the ssuple, We will discuss

these two procvlems 1o turns.

3ele Tempersture Veriscion oi the MHernetle iield

h series ol esrly experiments revesled a msgnetic
field fluctuation over short period of vime which precluded

the poesibility of csrryin: out the MEBSUrCHENLS,
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A plywood box wes built eround the megnet and rfilled
with "vermiculite™, & commercisl hest insulstor. This brought
some improvemnent to the perfopmance but it wes still insdeqguste
during the summer wonths., The box contsining the masnet wes
leter surrsunved by en “oven". L.,e. & coember, mede of
plywood shect en¢ insuleted wlth cwo inches of zlesswool.

A windmum alr cep of L" wes left between this wall snd the
wasnet boxe An access Lo the mernet gep was left, lar:e enough
to ellow for replascement of the gample contciner snd for the
tables on which the oscillstor detector is loceated,

A heoter and 8 I'sn were plsced inside the oven
tozether with & therwiscor element for s thermostet. The
oven 1s to be meintalined st 8 constant tempertture (sbove the
ambient tewpersture) within & tenth of = degree centigrsde
or better. The thermistor wes placed in en srm of 8 d.o.
bridge which actueted 8 relsy to switch on end off e hester
(lizht bulb). The dec. ampliiicr in the brldge proved
unstsile for operstion over a lonz period snd will be replsoced
by & comumerciel s.c. brldre wicth & bLetter tempersture sensing
elements burin  the winger months nowever, 1t Is found thst
& tempersture control of the oven is not necessary.

The tewperouvure varlevlon or the wmagnetic field
co:: only be defined aa the verisvion with the &vera:e

tempersture of the megnet. The latter tewpersture ic not
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easlly evalleble. Instesd we heve slweye considered the
varlastion with the tewpersture of one end of the msznet
where s 1" disweter hole throuzh the yoke was made to o
depth of Li" ellowing & thermistor to be plsced in thet ousce.
This thermistor thermcmeter clement wes resd with & Vhesote
stone brldze. ALl our knowledge of the temperature varistion
ls baped on this tempersture resding which is not necessarily
the sversge tempersturs of the mggnet but only served &s an
indicotion of it. UWbst complicaetes the problem of finding
& better perometer is the fsct thet the gap of the msanet
is ol neceselty cxposed to the ambient temperature. This
crestes In the whole mscnet an unknown snd verylng tempersture
grsdient,

The study o1 wie perlorusnce of the magnet es feor
&g temperssure verlation of the £ield is concerned could ve
carricd out end gn lmprovement of the meesurement of the

tevipcerature wWug noOt NECEESBHIY.

Performence with Rezapd to Tenper:ture

With the insulztlon described above, the tempersture
varlotion of the magnetic field over long periods of time
(5 ~ 10 hours) was found to be well within the limits imposed
by the measuprements described in this thesis without seny

control of the oven tempersture durins the winter months,
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We studled the verietion of the magnesic field
ez & function of tinic, as obgerved by tsking the raebnance
frequency of 2127 in AlGlB golusion st 2 given polons in the
Yiclde IR 5 vypical csse the ficlid was found so very by
lesc sben 20 williveuss/hour,

Toe teapereture veristiorn of the wmepnetic field
vwith the tempersture messured by 8 thermiztor inside the
mogret wes alro studleds A [ield vericvion tempereture
coeflTiclent of L.57 Gauss/o C was obtained in this cese
wlthin the limitation explained above.

On the following Teble i piven the tempersturs
verietion of the megnet In milllgeuss, with tlme znd with room
temperature ¢8 & typlosl exemple. Varistion of this order

ore acceptable ny we hsove mentioned sbove.

Table
Time Hoom Temp.
]
C 1lligauss
3. ‘o Poile ) 2‘?‘.20 9}
3 30 P.ile 2.‘0&0 "30
3.195 P “/io 23.20 ‘36
L!. 20 E VA. :.::5.20 "‘:72}
}.2.30 }. [ l. 26.20 "'}.‘5
6435 P, 23405 -5l
6-1}5 POIO 23025 “bh
Ge53 Pl 28.25 -5l

6 Sb P.?’i. 26.30 -63
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3.2 The Homogenelty of the Fleld

According to Knight (1956) the field over the
volume of the semple (ssy sbout 2 cc.) should nog very by
more then Q0.1 geves. It 1s very Importsnt to explore tie
tield of our mesgnet to find out 1ir thls requirement is
fulfilled end if so to find ocut s suitable region to plsce
our gemple for investigvvlon,

Letieits a#fforde one of the best method: of messuring
the value of the muznetle ficld 10 the gyromsgnevle ratio
£ o & glven nuclecr lsotope 1s known with sccurscy since the

resonsnce frequency L) cen be mesaurcd aceurstely end H,
h’).)o
N o

3/

tre mepgnetic fleld 1s obtained readily since Ho =
where /3 is the nuclesr wsgneton.

To investigote the homosenelty of the Iield of o
monet the prlnciple is the following;

A sample ie loceted in the fileld end the frequency
of resonance iz messured., By successively plecin- the gsrple
at different loceticne, & mep of the maznitude of the field
cen bhe obtained. Two mcthods were tried to perform this
mepping.

In the firat metnod the field ic modulsted st
lerse smplltude sul the slgnsl 1g dlisplsyed on an
oscilloscope., The poeivion of the center of the resonence

line ou the horluountol co-ordinate 07 the C.lHeDe 18 then
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funcetion of the frequency. A cesllbratlion ol this co-orédinate
as funetion of frequency ie in principle eeslly accompliched
by chooslng the Lrequency of the r.f. ogecillstor so ss to

#et tne elgnael te colnclde with the ceyinnine snd with the

[}

sad 04 the trece, wmerewvin: in esch ceie the frequency of

the Prefs 0scllletore. oLince the #udlo frequency sivnal is
common o the mocdulstion of the [leld sao to the horizonssl
drive ol the CelaUs, the horizonisl co-ordlnute on the screen
is proportionsl to che {requency snd hence will be proportionsl
to the field 1f now the specimen Ls woved In the tield gep
keeping the oscillsvor vt a {ixed frequency. The posivion of
the center of resonsnce wish respect to the horizontul trace

1s noted for verious positions of the semple in the gap »nd

the msgnetic field cen be deduced.

Thles method ls rapid end sufficlently sccurste in
80 far ss the frequency of the r.f., osclllstor is stable
durin:s the messurement but 18 not c¢copeble of enouch accurscy,
It wse sbsndored.

The secoad metnod conslsws in uslne the nerrow bend
auplifler, &8 gmull Lleld modulscion snd displeyinc the signael
o the enort recorder {or verious locetlons of the ssmple in
tie gupe An asccurste frequency messurement (ses Section 5.2
ol Chspter II,) cmu then be performed on each troce, With

the reeult of many ebservstions, & wsp of the field cen be done.



This method hus the adventage of beln:z nore accurate
thsn the Flrat one snd will not suffer fron possicle drifes
o' the r.f's oscillstor. Its dlsadvantege 1s the time
involved, since esch dicpley of the line involves 10 to
19 minutes.

Both methods were tricdes The Col.0. method wes
tried with a proton slgnsl and the field was investizcted
over 8 lsrue recsion of the tvotel gop. The results of thils
Investigstion were however found inconsistent probetly due
to frequeney drifts, In sn effort to understend these recults
it was decided to use the second wethod which Indeed zave us

the Intormeztion required.

The Heference Axes lu tue Macnet Jap

To investigatve the field snd locste the position
in the gap with grsut accursacy, & set of tihiree support
pletes for the r.f. oseilletor box was desirned, esch
cepeble of a movemnent slon: one sxils.

The lower support plste moves up snd down on @
system ol screws and sprockets linked together by a brass
bicycle chaln drive for @ steady motion, The next support
plate slides over the lower one glong 8 horizont:sl direction
and the lest support plste moves et richt ensle to the second

one in a diresction perpendlculer to the othep two, On esch



plate s pointer is fixed snd moves with the plate on a flne
ruler,

In this wey the locetlion of the ssmple In the gap
qen be rcad ond reproduced to better then 0,05 em in 211
Yiree directions,

We have lsbelled the axes in the gop as follows
for convenience:
X-gxls i1s perellel to the axls of the pole pleces of

the mames

Y-vxls Is et ri:bit sn le te the A-ails in the horizontsl
plane

4sepxls ig¢ vt rizht snsle Lo the x-y plane ond hence 1is
verticsl.

No effort was made to [Ind the zeometricel center
ol the moznet zap which 1s not easily sccescsible snyusy.,
Instesad we have set arbltrerlly the orl in of our excs on
our reference scale, thls orizin belng resaonably close to
whaet we estimste to be the zeometrical center ol the magnet,
£11 our mecsurements sre with reference to thls arbltrary
orlzin which resd x = 2,50 em, ¥y = 0,00 cm snd z = 9,60 cm,
on the rulers. On Plg. 6 rnd Plg. T the distence ls slways

with referencs to thie orisin X1 =0, ¥ =0, Z = Q.

The bMasnetic ield Mep

8 & Lirst explopstion ot vhe i'leld, the semple

8 cylinder 1 cm. lon- with I mm, dlemeter of satursted
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solution of AlCl3 in weter wes placed at the origin and the
Al27 signsl obteined on the chert and its frequency wes
determined with meximum sccurecy svallable (t 10 ¢/8).

From thls point the sample wss moved by 2 mm steps
in the horizontel direction alon: the Ye-sxls ss long ss the
inhomogeneity ol the Lield wes not s0 lorge 80 8s to deform
che sisnal excessively end the frequency wes measured with
the maximus sccurscy st eech stepe It was elso moved on the
other side of the origin ss Car as precticscle, 'or eesch
point, the room tempsreture and ths muznet teunperavure were
recorded. At regulsar intervels of tlme, the frequency at the
origzin was mesasured to allow for temperature correction when
plotting the resultas,.

The result of this preliminery exploretlon of the
fiecld is shown on Fig. 6 which 1is 8 plot of the devistlon
of the field H at point (0, ¥, 0) from the value H, of the
fiecld 8% the orlgin in milligrucs azelnat Y, It is seen
from this greph that the field 1s constant to better thsn 1
gauss In 6770 gouss for a redlus ol epproximstely T cm {the
pole face hey & ulemevepr ol 20 cm) apround chc centers Also
this zreph cives s detwulled plecture of the Lield aiong
thet line.

To have s better knowledgze oi the rezlon where

to plsce our ssmple, we decided to investigete In greater
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detail the repglon between ¥ = <1 em to 2 cm, from 7 = §,2
o 42 = 10.2 ecme The result of this investigation is piven
on Figs 7 where sgaln the difference H (0,Y,2) «II (0,0,0)
is piven in gsuss as e function of Y for verious velues of
Z afcer sllowing for tempersture corrections, We see from
this greph thot if the ssmple 1s located snywhere in the
rezion mepped on tiiis greph, the field In the whole volume
o' the ssmple should not very by wore than sbout 0.0 Rouss
whlch is probsbly sccentshble,

The homoreneity of the field 1s not of course
too satisfsctory I we take ss necesasary the requlrements
glven by Kni¢ht, liowever, since the metsl nNem.r. line 1s
in general of the order 10 geuss wide 1t mey not glve us
8 r:liable mesasurement of the sbsolute width, but it will
not mske impossible the study of the effect of magnetic
impurities on the width of the line which is our finsl
purpose.

From that point of viéw this survey of the fleld
indicates thet the magnetic field of the magnet is
sufficlently homogeneous ror our proposed invescigstion, st

least in the reglon surveyed,

Le 4 Trisl un on vhe Meusurement of the Knizht Shift in

Aluminium

As mentioned esrlier, the aim of thils thesis wss to



assemble 2 spectrometer capable of meegsuring the metsllic
shift and the line width in some dilute binery slloys (Al-Mn)
and thus to study the effect of megnetic impuritles in
vitels.e  We wmede 8 trisl run to zee 1f the present spectroe
metsr is good enough for these messurements in Alumlinium,
Fop en accurete measurement of anizsht shift in
metoly It 1s very importsnt chet both the metel and its
salt be placed in the gep of the marnet at the same posltion
s0 that 1t could be asssumed thet the externsl field is the
sarne for both of them end tha shil't spises essentislly Ifrom
the extra {ield in the metsl due to the interscetion of the
conduction eleccrons st the FPermi Level with the nuclel,
This was done by plecing some commercisl Aluminium dust
and sone A1013 solutleon in the seme ssmple tube. The dust
wes tightly packed In the tube to have o good £illing
feevor aud four smell cepliliery tubes containing & concentrated
solustion of AlClB vere pleced inside the dust. The semple
tube wes cylindricsl and 1 cn high and 0.y em in dismeter,
he position of the samplc coil in the gep was 2 = 9y ¥ = 0
and X = 2.5 en, Iv will be recalled shst this is whet we
cell our sero position in e gop endé all che measuroments
Tor the study of the homorencity of the rield were made with
relerence to this point,
Various trisls were msde with dilferent amplitudes

of wmodulstion, r.fs levels snd time constents until e izood



siznels from both the selt and metsl were obtained, Frequency
markers were put on the chsrt ss deserived in Seoction 5 of
Chspever LI,

The result of o 200d run wes then anslysed., Ilecaune
ol the small size of the ssuplec a sinal-to-noise of only
soout 10:1 could be echieved. This mekes the deterninscion
oi’ the center of the siinels somewhat uncertsin. In spive
of vhet the sgrecment with tue known value for the chifls
in pure sluminium which 1s 32,1624 (Teeters 195%) ic 100d.

We round 0.164 % 0.,001% for vhe shift.

It =hould ke remerked thst our sample 1s of
urknown purity snd this m&y heve some smell influence on the
shift, The szreement 1s thuas quite reassonable snd indicates
thet the appsratus is well sdepted for the proposed
investizacion,

The messurement ol the line wldth of the sipnel
In the metel, delined go sie distauce between the wmaxlmunm
end the minimue oi the trace, was dlf{lcult to evalunte
in chis psrticuler cese, & volue of 3.1 £ 0.5 gauss was
obtained. Itv 1s difficult to do an exsct comperiscn with
published values since the line width may depend on the
impurity content end elso beesuse thc homogenelty or the
megnetic ield over the sauwple may csuse 8 gpurious extra

broadening, However the velue obteined is ressoneble &nd there
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should be no mejor dirficvlties in studying the verletion
o the wldth giyalnst concentretion of impuritles end
sgaingt the tempersture in thls spectrometer as it is

proposed.,



Tn tids theslils we nave plven o erltlieal ooxlysls of
the behaviowr snd possibilities cf tix ascembled “ound-¥night
specetbrometer. Tt hno been saccosst'tll: used to study the
noosenelity of the mapnetic Cleld of tiie neprssnent aopmet.  The
Field of tne mapnet 1o vervbacse nod ag howogeneous as wvould e
ngeegsary oy exacltb meacsurements of thnie aosolute value of Lhe
Line widtn bubt is rmood enoupgh bto situdy cthe varisvion of the
widbii Lo swetals by addition o ot ile smparitiens,

‘e apectromcter wag also used to siudy the tem-cerature
varlation of the singnetle Tleld. Tt 1s concluded the i with
the o»resent arrangement for insulasting the mopnet 1t will be
posaliile to use the spectrometer without any temrerature control
of the ~ven durlng the winber montins bat in summer months such
s temnerature control would vecome noecessary.

&£

“Fith the mresent set ur of {reaguoncy =easuresoent it
ig posaslible to pet thie required nocuracy of ancroxl otely 1 vart

ser million. The line =bhift ¢ Le measured more accurately

Faad

phan the Tine widtr in case of aluminlum. The spectrometer
sives a pood nignal-to-nolse ratleo and ites resolulion is
sufficlont eneapsh f'or the nicht @ ift lavestipatlong,

e thas nope thint the npectronieter is In the state
wnerce 1t can De ased ror measuring the 1Tine «nlft and line widih

o "

of AlY line In Sl-¥n and 4A1l-"e alloys at room temrerature,
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