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CHAFTER IIIX

HEASUREMENT AND AFPARATUS

Since the gyromagnetic ratic of proton is known with precision.,
the earth magnetic field can be measured by measurement of
precession frequency of magnetization M around the earth field
as dicussed in section 2,7. In this thesis time interval of known
aumber of ¢ycles of that frequency is measured with preecision-
and the precession freguency can be calculated. The apparatus used
i5 shown by block diagram as in Fig. 5. an e.m.f.of a few midrcvolis
induced in the pick-up ceil by the. precession of magnetization
was amplified by the amplifier. The frequency of the precession is
about 1800 Hz., After amplification it heecones audible in a cyystel
earphone., It was sometimes taped by the tape recorder, The output
from the smplifier was further amplified and squared necessary
for triggering frequency divider. The frequency divider consists
of eleven stages of bistable multivibrator. With proger reset,

2048 iaput pulses produce one output pulse at the end of Tha staze,
The freqguency divider requires positive triggering pulse. One
positive output pulse was acheived at the ?th stage when 128 pulses
had beer at the input. The ?th stage positive cutiut pulse was
f:ken and then vassed into a start unit. The characteristic of &
start wnit is to produce one negative pulse when the first positive
pulse 15 at its input, and subsequent rulses -can ‘not -trigger

it. The start unit cutput pulse was directly fud to electromic
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cauntef in order to open its gate circuit, The counter used as =
time intervel meter started to record the time of every_successive
rulses that accompanied the 128+P pulse until the oohath Tulse

wag at the input, COne poéitive cutput pulse would he at the lazt
stage of frequency divider. This pulse was fed to o ston unit
“hose characteristies - is similar te that of start urit.The stouw
unit cutput pulse was passcd into the input of the clectronic
counter In order to stop its measurcnment of time dinterval,The tine

intervzl of 1920 jpulses,approximately 1 sec, was Oeasured,

‘he pPecession frequency was ocbtained from the time of 7920 pulses.

1, was calculated by equation T (Hz) = 4257,6H,(gauss).

functions of Electronic Units

The details of each unit of apparatus used will be described
in the following.

3.2.1 Pick-un Coil and Switching Circuit

The pick-up coil is wound on a plastic cylinder of 5 om.disneter
znd a length of 6 em. with 520 turns of jle, 24 Standard ‘irs: damge
snamaled coepper wire. The wave winding is divided inte four séctions
of 130 turns each, Codl is tuned at desired freoquency of obout 80D
iz by the capacitor of 0.8 micrecfarad. It is found thot Q iz
approximatcly 16, The protons or nuclei of hydrosen in distitled
water 15 used as magnetometer in this measurement. The coil is
imperzed in distilled water in the beaker oriented vertically.

The terminals of the enil are connected to switching circuit by

=l

a conxial cable about 6 meters in length. The switching wpdt apd: She

il



rest of apparatus is kept far away from the c¢oil in opder to
minimize the interference effect on the coil, The éﬁitching unit
consists of two microswitehes, The assembly -is . arranged so that

one pressing actuates all two microswitches, as shown in Fig,6.
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Fig. 6 Bwitching circuit.

During the pressing, a current cf approximately 1 :iwipere from the GV
heavy duty dry battery serves to magnetize protons in direction

of the ¢oil itself which is perpendicular to the earth fisld,

Thiz nolurizing field is of the order of 60 cersted. The sanple

of waoter with relaxation time of about 3 sec. was magnetized for

5 sec,

“hen the pressing is released, the battery circuit is broken



and then the coil is reconnected to the amplificr. The residual
mazgnetization i& now precessing in the earth magreiic

ficld and 1n so doing induces a signal voltage in the pick-up coil,
a oener diocde DAZ=-213 connected in series with a conventionsl
diode 04-200 is bridged acress the switeh contacts of the &Y batter)
as shown in Fig. 6. These diode minimize sp%rking at the switch
contacts and speed up the collapse of the magnetic field inside <ic

¢oil when the circuit is opened,

3.2.2 Amplifier

The amplifier whose circuit is shown inaFig, 7 employs five
transistors with a tuned transforper through which a narréw band nf
freguency can be passed. It is an adaptation fre: a published
desi.‘_:rl!f?J. First tranaiétor needs to be of low nolse, and a snall
Signal transistor 212613 is chosen. The following ampiifier
transistors are GC-71. Noise developed both ir the pick-up coil
and the first transistor is filtered by insertion of the tuned
transiormer between the third and the fourth transistors, The
anti-parallel diodes at input to the first =2nd the second
transistors are used to avcid overloading and for fast recovery
after cwitching. The magnetic core of the transformer is of the uot
type, The primary winding of the transformer consists of 120 turas
of No. 40 5.%.G. enamaled copper wire. The secondary coil of 1970
turng of Mo, 40 §.¥.G. enamaled copper wire, tavped at 30 turss
from the innerp end, 15 wound over the orimary. The second winding

iz tuned at the frcquency 1500 Hz by a capacitor 019 miercfarad,

The pegk . voltage gain is about 1.2 million, so¢ that oscillatién
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is easily gpenerntod, Hence the amplifier and jits 9 wolts dry battery

. i /sealed. | o . '
vrere 1nstalled in a aluminium box, The tuned cicuit was isolatzd
from the remaining parts by aluminium partitions that divided the
installation into three compartments znd thus shislded the inwut
and output portions of the ¢ircuit from each other, The aluminiun
box was conneccted to the ground by a copper wire to prevent

oscillation, The voltage gain of the amplifier ws the frequency

was measured as shown in Fig, 8.

2.2.3 Signal Squaring Circuit

The sgquaring circult as shown in Fig. 9 consists of .three
transistors 0C~70. The output signel from the amplifier is furthcr
amplified by 9. and then passed into QE. QE . serves Aas the
amplifier aperating ot saturation. Sufficlently large signal is
Squared after QE. Optimum setting of signal level at inzut of this
signal souaring unit is impOrtant to square smell signal but
net noise. In order to aveid waveform distortion of the square

pulse at the freguency divider input, the low ontpuf impedane:

emitter follower Qﬁ iz emploved.

3.2.% Freguency Divider

A sguare wave from the ocutput of the signal sguaring cirouit ic
‘divided Ry frequency divider whose circuit is shown in 7ig.70. It
congists of eleven stages of bistable multivibrators, Each stage

enploys twe Sransistors aC 128,
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With proper r;set rrocedure before time interval
feasurements q1 Df each stage is on, QE iz off, Positive pulse is
reguired for triggering this circuit. The frequency divider produecs
one nesitive output pulse out of every 2048 sulses coming at the
inpuf, The positivs output pulse from the ?th stage is taken to
trigger the start unit and the out put from the 11th stage is fo2
to trigger the stop unit. Time between the outputs of the ?th stoge
and the 11th stage is a time ifntdrval of 1920 suceessive pulses

comning  at frequency divider input.

%.2,5 Start - Stop Triggering of Time Interval Measurement

Time interwval of 1920 eycles of signal frequoncy was measurcsd
by Hewlett Packard Modcl 52164 Electronic Counter, Two negative
pulses are required for triggering "start® and “step’ of the tiae
interval measurement by the counter. The ncgative pulses ars provided
by sturt and stop units .whose circuits are shown in Fig.1t,
it is onc stage of bistable multivibrator but the dicde at thoe hasze
of QE is omitted. Thus the bistable multivibrator accepts tripgering
on one side only. Working of the start and stop units is the seme,
that is, to produce one negative pulse for the first pasitive puine
coming to it {(»rovidad reset is prounerly set),

The time interval accuracy depends on the internal time baso of
the T'ewlett Packard IZlectronic Counter which has a0 MHz erystal
oscillator as rofercnce. The manufacturerts gpecifications Blve
stobility of time base as less than #* 2x1ﬂ_5fmcnth for aging rote;
loss than + iiﬂD_E for +1500 tao 3506 tanpcerature change and lezz

-6
than 1x30 7 for * 70 % change in line voltage,
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Problens of leasurement

In this experiment the electronic counter was used to measure
the time interval from the 12800 pulse to the 2048 R rulse, The
starting before the 128°% pulse has been attempted, but time
intcerval readings have larger fluctuation, This might be due %o
lefteover polarizing field in the coil after switching off,

This field gives risc to an oscillating current in the coil, A
second problem 15 the inhomogencity of the magnetic field at the
pick-up coll., In order to avoid this problem, experiment must

be performed sufficiently far away from buildings and picees of
magnetic materials, The field din front of the suditorium of the
Chulalengkorn University was chosen for this measurement, It was
found that time interval measurement could not be carried out
before 4 p.m; because of excessive noises. On some days the

experiment has to be delayed till as late as 6 n,m.
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