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*Detection of Sea-Water Motion by Nuclear Precession

B L. Hiamx

 Dniversity of Caliomia
Ladolls, California .~

The long memory of nuclearspin Larmor
precession can be utilized to detest small changes
in precession phase angle, The detection of long-
ange, slow transport of sea Water csused by
internal waves or other disturbances would seetn
desirable, Consider how the transport of & volume
element of spins in & liquid through & spatial,

*inhomogeneous, magnetie field affeets the phase
of Larmor precession. For simplicity, congider
& volume element of spins b position 2 8t

fime? = 0, and assume that this volume element

moves with & constant veloeity ¥ in sn. ine
homogeneous fiekd H(z). The magnitude and
direstion of v is to be measured, snd it i shown
fhat v 2 small as 10 cm/sec i8 defectable
The free precession signal [Hahn, 1950] for this
element of spins s defined in terms of the
vector - L

i) = exi) [jv fo ‘ ﬁ(xa + 1) dt]‘

gymmagnetic tatio. After writing H(zo + )
terms for convetience, we obtain

7l) = exp {:iv fo | [H(zo)* + %H;\»t] dt}

= exp fHaot + /2]
where ¢ = (dH/dz),,.

We ses that the presence of 8 velocity o

produces & phase shift in time ¢ given by Ap =

yGuit/2 (assuming a constant field - gradient).
Tn practice the transpor effect can be mesgured
by observing the constructive interference of
the various epin volume elements distributed
throughout s, Actually 2, should pertain to
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where, ot time ¢, o = 2 = 7;7 B the gpin

85 8 Taylors series and keeping the first two

i}

s volume, but an snalysis in one dim
suffient to give proper onders of

- Electronic apparatis is necessary he
to messure spn echoes. {Fahn, 195
of qufficient volume (s few liters
desired) is immersed and fised 1n ¢
inthe Varin magnetometer Packard
1954, protons pracess in the
an it polacizing field is furmed off
Tn 4 time interval from £ = 0 t0
rotons precess in & dofal magne
up of the earth’s fild H,, assumed
footly homogeneous, and the
fild H(z), supplied by an appr
coil carrying & current J. Ab tim
current I 18 veversed o ~1, and
to =H(g).! Under these oo
for the spin echo. It i3 conveni
that the fraction of spins which pr
inhomogeneous fild H(zo) 8t 5918

)
where & is & normalizing eoefficent

in the time intervals 0 to 7 and f
we then average V() over P (A
for constructive interference from
ot some fime{, fort > 7.
M=,

109 = el + bl

Por ¢ 2 7, snd if we nofe the
change ign (not the G above) be
1 reversed,

1 Instead. of reversing 7, & radiofre
applied for a time by a6 the average
quency v, would serve the same pu
field amplitude of the pulse is H, the
isthe necessary condition.

LETTERS TO

(‘Hw,t) exp [*gAw(t— )

el
w%i-‘ﬁ@fzdt]

o) |ijw,t,~ Jha(l = )

N g o T
easured or sverage value of ¥} is

AT A dbe

o, ) e [ﬁwe_t = 1

#ﬂ‘exp [%m-—-—;“ - 2;)2““"2]

(O Ao = 1, A signal ma;ﬁmum
seentially at { = 2rj—* t,, and the phase
{his signal, due fo the velocity o, i3

Aga’ =yl

blem now isvto'méasure b b given
1 1o be detected. Assume ¢ = 001

2

ome evtent 8 larger G value eould be used
then attenuates bepsuse of molesular self-

lsee also Heraog ond- Hobn, 1066 (sp-
From spin-¢cho experiments, this produces
uation of signal amplitide given hy

exp [~2/3(1G DA

is the seli-diffusion coeffieient, 1f we lef

¢, angl D =2 % 1070 om /oect for water,
nuation, dué-to-sell-diffugion, to 1/e ‘of
| amplitude; 1s - given’ when G & 01
. We therefore limit 6 to this value,
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- Lef 7 = 1 sec, which Is approximately the
relasation time for ses water, and Ity =
27 X 100 for protons. If we wish fo detest &
velocity o =10 om /e, then Ap2 0.3 radians.
This phase shift could be measured simply by
beating V(1) against a dummy echo signal from
‘an ‘identica] apparstus, where v = 0, n this
way it is possible to cancel oub fuctuations

o Hg) (or 1) which would otherwise canse

phase shifts exceeding Ap. The echo signal will
last for a time :

84 = 2/(du, 1 = whbln ,10f3~ see

srhete 12 30 em i chosen as the sample breadth,
This should be sufficient time for- resolution,
since it allows an observed free precession af
the aversge frequency o, through st least 10
If two fxed stations are sepacated over long.
distances from - one anofher and each station
earrie oub simultaneous messurements, it would
be possible to correlate velocities v f the fwo
positions by noting cortelations in phase shifts
MMBO the gignfof Ao would reflect the sign
of 0. t-does not appeat feasible to carry out -
the proposed measurement on & moving platform
unless means can be found for correeting or
canceling out fluctuations of platform motion
to & high degres. » , i

, - Rermeycs

Hahn, E. L, Spin echoes; Phys, Rev,
i . p ‘ ye, Rev, 80, 580-
Heroog, B, and E. L, Habn, Transiont muckar it -
duction and double nuclear resonaties in solids
Phys: e, 108, 148-165, 1956, '
P?karq, I\fﬁ, and 1{% Virian, Free nuelesr induc-
ion-in the earth’s magneti
o agnetie field, Phys: Bew,

(Received Septerber 12, 1959.)






