CHAPITER ITI

LBXPERINENTAL ELUIPMYSET AND PROCEDULE

The ALpparastusg,

The essential features of every nuclear Magnetlc
rezegnance dotector are

(1} the persancnt magnet or electromaznet, to provide
the steady external opplied fisld HO :

(2) the radio freguency oscillntor unit, a sourcc of
¢lectromagnetic radiation of the copropriste frequency J H

(3) provision for exsminatiun of the resonance, through
variability of cither HD oxr ) ;

{4) 2 detector which responds, in some measurable way,
to the absorption of energy by the nuclear noments,

A block disgram of a particularly simple and wagful
W R detector i1s shown in Pig. 3-1, and the rezl one ig shown
in Fisx. 3-2,

The magnetic field Ho wag =2upplicd by an electromaznet.
The smzll coil was immersed in the liquid sample. The coil
Tormed tne inductive part of a2 resonant circuits; this gave
rige ta o rapidly oseillating field, perpendicular ta H0 y of

magnitude 2H. sin 2TM¥t in the garmple, In the r.f. oscilloting

1
detector the fruquency}) mee swept slowly over 2 ranfse including
the n.m,r. frzguency }), by means of a hand driven tuning

o
condenser, The rssonating cireuit consisted of the sample
coll and tuning condenser in parallel. 4% the instance of
resonant ceondition, the resonant peak wos obscrved on the cathode

ray ogscilloscope, znd? the resonent frequency was nmessuared by a

froquency weter,
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The Electromernet , \{@Q —
RN DI

Far this experiwent o Tickford electromsonet, sarial

nuzber FP/182, in the Physics Departmoent, wns uszd, The
electronagnst has a 2,9 ¢m. sap (for this cxpoerinent) and 10
cm. Lole face digzmeter, The current for thes electremognet
wea supplisd by T2 wolts storaze botteries. Too lotol
realetance of the coells in seriss is 38 ohms and teotal number
of turns of the copper colils is 7499, The pole gap of tho
glectromeenct is adjustable by neoana of serowing the cores
with respect to the yoke. The disgranm of this clectromagnet

is ashown in Piz. 3.3,
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The Modulestiaoqn fgila ond the O=secillc

A pair of Helmhols coils af 11.2 em. diametar zerves
25 & nagnetie field moduwlation., Each coils ere wound on
cylindrical wooden gxis with the circuler card bomrd franes.
They were put on the poles of the electromasmet with o
distance of 5,6 cm, npart as shown in Fiz.3-1. The totzl
1.¢. series resistcoce, Rﬁd’ iz 17,9 ochms. The osciliating
wiagnetic field produced at tne s=zople, 1n toe niid-point ol
central plane of Both colls, Hh’ 13 4.54 gauss pesk to pesk
per 100 ma, rms, sinuscidal current with 30 cf3 =cross. fhe
saries coilzs, The diggran of the modulation coils ig shown
in Pig. 3-4.

If wes found that the horizeontazl width of the C.LH.O,.

trace was just the modulating amplitude 1n zzuss. The methed

2f dotermining the anplitude was to read

the frequency thange when the resomonce poak wos moved from
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Fig.3.3, The Tickiord Electromaznet,
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HA= T 2nHI = 3.2ﬁ{1DDturns}(1OGmﬂ.rms.j =1.60% Causs .THS.
5¥Y5 a
. V5. (5.6em, )

= 2,268 Gauas,max.

= 4,50 Gauss,., peak to peak,

Tipg. 3.4, The Modulation Coils .
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one side of the serecen 1o the other. The &3ulstin: sanlitude
Wil also checked by this wethod, and It was found thot it wios
about 5.%8 .;auss, wnereas by calculsting from Lts5 eotwtrical
figure it waze about 4.5%4 geuss, The error depsnded an the

agcuracy of the a.¢, nilli-znmeter,

Radie Freguency Oscillator Unit and R ¥ Coils,

The radic fregquaney (r.f.} cseillator which was used
for the cxperinent was the modified Hopkin's autodynre circuig}zila)
It was constructed by Mr. Bhiyaye Fanyarjun, Its circuit is
shown in Fige. 3 - 5., The main part of this circuit consists of
one 6AKS tube, one IK6O semiepniuctor and thres FF9L(BANE) tubos,
The ©A4X5 tube acts 53 the cagillator. The IkHed semiconductor
serves ae o rectifier, the first tweo BF91 tubes scrve zs a
de¢s amplifier, and the laat EFY91 tube is the a2,.f. amplifier.

Fram Fiz. 3- 5, the 64AKT tubs behawvos us o cathode-follower

g2t r.f. with an inductive cathode leoad. This cousca o nogntive
resistance to cppear across the tuned cirewit dus to the
carasitance botwoen sreid =ndd exthode. The negative resistance
zllows the tunecd cireuit to gscillaoie with controllavle
zmplitude, Jome annlitude stabilizotion dcours oecause of the
grid reetifiecation. & d.o, woltaze proportional to the r.f.
anplitude derived From the cathodes of thes oscillater, is
amplified znd fed becik tec the screcn viz o cuthode-follower to
maintain the g=in of the d,¢. amplificr. This ¢ircult gives o
voltage veriation peross the catnede from G.0% teo C,0%5 +, oveT
the turniny ranzge. The audio saction of the r.f, unit had =a

high g.f. fein ond its output is further amuliified with the

g Senior Lecturcr of the Thysice Departnent, the Facult T
Science | Chﬁlnlongkorn'ﬂhivegﬂit3+ P ' ve
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5C ¢fs componcnts tiltered out pufore pein: applicd to the Y-
nlates of an oscilloscope.

Fizr. 3.6 shows the devsoiles of the r,f. srobe uscid,
r'he spseimen size wes kept as somzll 23 cossible since the
veriation of field stirength zeress it due to field inhoopencity
leatts to absorgtion over a corrcsuondines wide rango of
frequencies and a reduction in sensitivity, The use of
Zlyecrol with its low dislzectric loss sErmitts connloto
immersion of the r.f, coil or szmple ceil in the svecimen,

Thus the filliny fzazetor is cpticized. The r.F, coil is ;ade

r

il

o1 12 turns of ;ﬁ? SWGES woppeT wira. coil 2izc e about
0.3 emox 0,3 e, or Q0,02 2,c. volume, Tt is irmcersed in
Tlyceral wnlch is coatained in the oylindrical plastic capgsule,
and i3 also mounted on the ton of the 24 ¢ri. loms brass tube

as showrn in Big. 3.6,

Thie Tefe oscillator unit is mounted on the sluninium
plate echnnsis with the zize of 18 o, x 24 eri, The choaais is
nounted on the 3-dinensional nevilble frame s ahown in Fiz.a.7,
The frzine consists of the non-moTnetic naterizls. Thus the
r.f, czeillator is suitebly placed for locating the vasnetic

field strennths at various positiscns,

Chemistry of the Jample

The sanple used was Glycerol (Glyeerin); 05H5{GH)5 , is

a trikydroxy propane (or 1,2,3 propuncetriol) with the structure
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o
maltinyg point = 1T C,
a
boiling point = 290 €,
fensity = 1.26 anf=l,
moleeular weisht = a2.09 ,

a
[y
4% st 3 x 107 ¢fs, 20 C.

1}

fielectric constaint
e - - [, 2f Tx o e ) % - -
The choiece of spoeisen waz zovernad by several fuctors,

These cre(lg}

(2) ranze of fisld strensths to be mensured,
(z)
{

¢} dielectric loss.

relative —agnituide of absorption,

£l

It wag found thot water contzins o largse nuaber of
hydrosen stoma por unit volume but mazs o high diclaetrie loss,
Glycerol nas & slizhtly lower density of hydrogen atoos, but
its very low loss roesults ia zrently inecrezased sensitivity.

v (11)

I+t was also found by W.e Blocobergen that the

. . L . 2 .
relaxaztion time in Glycercl is 107 times syoller thon that
ir waber =% any hemperature, The rolaxation times of protons
in Glyecerol and in water are C0.C2 and 2,3 seconds respiéctively

4]
&t 20 ¢, 29 Hc/s Thus Glycercl w=zs sclacted ss the speciaen,

*
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Froguenoy lansuronunt.

The tunin: copooitsor wes tuned until oscillations wore
Just zeintained., Thie polat was wusily Zeternined by the
behaviar of the C.B,2, trace when it was reached, A stondord
variable-freguency source, FK/&M Signul Soencrator; TYE 94h &/1;
Miarconi Instropent Ltd, npeted as o freguency meter by losely
coupled with the sanple coil, The frequency of the Signal
Generstor was varied to obtain a zoro-veat note on the
oscilloscope scerecn, thus indicuting thot the twe freguencies,
the resonant frequency and the standard scurce fraguency,
werg thoe zane, The value of frogueneies could %o rocad fron
the dial of the standzrd source. In this wzay the resonant

frequency nnd hence the nmasstic field stroength wos dotoredinod,

Experimental Trococdure,

The apparatus was arrangsd as shown in Fig. 2.1 . Various
parts can bo kistasdt ns follaow,

(1) T"he Tickford clectroousnet was supplicd by 72 volts
storaxe batteriss,

{2) The modulation coils were suprlisd by 100 i, ros.
50 c/f=.

{3y The r,f, cazcillzstor unit which was construcicd by
iir, B. Panyorjun hod been set to give 0.03 to 0,05 v. at the
raeferance level {Fi;. }.5) . The r,f, level was indicated by
the Galvonomster; typs SH 445 Mo 105780 H, Tinsley & Co.Ltd,
Lonéan,

(4) The freguency neter used was the FM/AE Signnl
Generator; TF 995 Afl, Wo 2940038, dorconl Instrasents Ltd.

Londan,



" (400V) 27 K0

} __0.5‘3'/11:

2704 or UV

a1

> 10 A—Axig

AL

A 29 Ko
;‘%2:{1.11 K

Fig, 3.4, Fnase Shifter Circult

Dj Qsc i.”ﬂsmFe



[R¥]

{5) The Cuthode Ray Gscilloscon. wos the Modol 1G49 MKIIT
Osciliosrnphk, Cossor Instruwsents Litd. Znolond,

{6) The proac shifter cirewi® iu we shown in Fiz, 3.8,

Yo owirry cub 2 sessurciont the fellowinr sters were
AGCeSSaTY .

{a} The nodulaticn Afplituds wos set to about 4.5 gau:s
peak to menk ol S50c/s

{b) The r.f. oseillater was sut to give the output of
9,035 to 2.05 v, at reforence lavel,

(c) The Cathode Ray Oscillosceps was sct 4o sweep at
50 c/s on the horizontal axis by 220 or 110 v. a.c.

(4] The tuning espacitor was turncd itnromagnout the range
to seak for ths rosomant peaks, then the pulses ware loocted
wnd sct to coincidence by the phase snifter.

{e} Tne rosonant freqgusncy b/was measursd by the zero—
beating mothod as deseribed in scetion 5.6, The magmetic field

gtrength can be given by the equatianili)

H = (234.07 T 0.29) x 10-0)) ganss, wharo }}

2}

is in ¢/s.
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