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A Proton Precession Magnetometer

B. X. I311ARGAVA* and G. A. KMn VI:,WANATII AN

A8IfJplty,n'ca[ ObSf; ff'alrJf!l, l\ulr, i/"mwl

(lleceit'«12!i Soptell/!>er l!JlJ,j)

An.l;)TRAGT. A simple porta ble !lroton precession magnetometer rh-slgucd and cOIlt>tn lC't('d for Kodaikana l
Observat ory is described. E xcept for t 10 stgue l amplifier, tho inst r -ument i ll transistori zed. The accura cy of measure ­
m c n t of absolu te va lue of the earth's t otal fie ld with the m e gnetomc rer is ~ I gemma . The p rece ssion s ignal voltage
from the sampling coil ill nmpl ifled And sq uared by n Schmit t t rigger circui t, t he output of which drives Iustages of
hin8 r~' d ivid er s, The first }JIl IJ'C in th<' output, of the cha in of d ividers OpNHl :l gate allowing pulses from a 100 KcjB
crysta l oscillator to pASS to n }JUl-"'C counte r. The pulse Immediat ely Ic llcwing till' opening pulse closes the gate . By
Imitab le.' Iced back of thi s cloeing pulse lilly following pulse i" prc ve uto d from opelliu,LC' the gate again. For the next nb,
servat fun, a. manual resetting is 1l{,C('I'sary. The number of 100 Kef5 pulses coun ted arc used to compute the scalar
field .

1. The Ho rizonta l and Vert ical force of the
ea rth's field hnve been measured at Koda ikuna l
) lagnct ic Observatory for many years with II set
of Q.H.l\I-;.. n.1\I.z., K ew ) Ia.gncto lllctcr a.llti
Ea rth Inductor. Wllile Q.IUI. an d JDLZ. yield
fairly consistent values of 1I awl V respect ively,
th ese instruments do Hot provide absol ute values
and have to he recnlibrated ut intervals of a fcw
yea rs. Ken" )lagnetom eter and Ear th Inductor <10
not yield values of 1I and V with su ff icien t accuracy
and the durat ion of t he experiments with these
instr uments, for one determination , iHfairly long.
Need, t herefore, has been felt of an observatory
instrument, capable of yield ing nceurat.e and
absolute value of the earth 's field in p, very short
interval of t ime. With this view, tho development
of a precession magnetometer was taken up iu the
electronics laborato ry of the observatory .

The principle of working of' the free p recession
magnet omet er is simple, If protons ill a suiruble
sample are magnetically polurizcd the appl ied field
brings nbout a phase coherence. 11', th en, tho polari­
zing current is abruptly swit ched ofT to satisfy the
non-adiabatic condition s, tho magnet ic vector

-begins to precess a bout, t he earth 's field . As a
result, a signal of angular Frequency w is induced
in a coil. This angulur frequency is propo rtion al to
t he strengt h of t ho field F and is given by -

w =yp F

where 'Yp is the gyromagnetic rat io of the proton.
D riscoll and Bender (1958) have determined the
value of l'p as 2 ·6;513 ± 0 ·00002 X 10' Sl'C - 1

gauss -1. The amplitude of t he indu ced sinusoida l
voltage decreases exponentially as the protons
return to t heir original state or random orientation.
The ac tual mea surements of t he total field, there-
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fore, consist, ill measuring the frequency of the
induced "lignaI quickly and precisely.

The ~'I'o\'r"t h of magnet ization ..lIt, t sec onds after
applicati on of t he field is given by - .

.11,= .If (I _ e-t/T. )

JI boing t he equilibr ium value, and 11

1 the spin
lat tice relaxat ion time. Tho induced signa.l decays
as eXJI ( I/T~) where T~, MII",l t h" Transverse
Relaxation Time, is a function of proton sample,
homogeneity of t he magnotic field in the samplo and
the time of pularixntiou . It. is obviou s t.l-wt for a
determ inatio n of the flold, u sufficient ly large t ime
content T 2 is necessary so aqto mainta in tho phase
coherence over an int erval of t ime sufIicient for
measuring the frequency reliably.

2. The t uued amplifier and t he 100 Kcfs source
are wired ou two separate metal chassis. Tho
remaining uuit s a1'6 made up of a numb er of
modules ono for each stage of divide!', a gate wit h
it s driver etc . Tho modules arc constru cted on
Hylurn curtis . The arrangement facilitates quick re­
placement. of defecti ve un it s, Two meters mounted
on t.he pan el show the on/olTcondit ion of the gates.
Tho block diagr am of the magnetometer is shown
in Fig. 1. The principal units, i.e., t he sampling
coil, switching circuit, amplifiers, frequency divider,
gates, 100 Kc/s kligllaJsource an.l the pulse count er
are described below in some detai l.

The sensing coil anI! sample- A single multi layer
coil was used both for polarizing the hydrogen
nuclei and for picking up the precession signal.
The principal requirements for t he coil were (I)
Hi gh Q, (2) lowest possible self capucitancc a nd (3)
larges t possible enclosed volume. Aft er severa l
trials, n coil conaisting of 500 turns of 17 s .w.g .
enamelled copper wire ill four layers was found to
be sat isfactory. The length of the eoil was 18 ern and
the inside diamet er 11 em, The proton source was












