Jlitca2j @

pore Sl 4 Glal g o)l Sl g 0 e Nk oz 5 (paasd dez i Slass 55
I. i. e
’ ’ o ®
)|)‘|.g Ao )i (paass doz )i Sloas- ;).o

Lg,:u:..opb
-l dllis dex )5 digad

dos 5 0595 o)l.o...t:

daz 5 Wizl

L oS ez 5 X o aoz




e €D

000 Sl 4y ol l G o)lardr Cyluw g 0 e I3k daz 5 paats daz i Olads 5 e

by el @l (publiie plase

ouS>

mblise (sladie) ro) (omabline (las 10 L yo Of Heae &S > Lawgs oo oy (S Sl slagyl >
a0l hawgy a5 aiws weldl Zlael il 3 glils glalaxd pole (pl aisS o sl |y (S5 gl
Zlsel sl byo Zlgal 5l (il cmabline lage 5l Ciogi (plaisd oo ools &S > B,k T 5 G bl oyl
oad 03l Liales zaly SolS 1 adge sl S (sl ol Al 5 y1nS g ailate o cS ISy
soe lalae b CBeSs zae SO ol Ol CS a8 olml el sois s o9 4 Lol wol
U emebline Glagloge 55k sl Sy ool Olas sl (Go3le Elsel a2 canogs 0al 035 (035
3 oS 8 il ol (s ol 30 55 il 35 ol s 5Vl 5 25 el 59 52
50 y980 gmmblon Gl S Al el asis sl Il sogass jo Hlase cplojlasl g el ls |,
259 gy B bl Glagly S g g jede g e alels S sl oS Sl (S3500 axmino Sy

D9b g0 Sy Ges 15l YL usSae (2552 5 wsSre zxhaw

e Gl 00l (Gams aio ;o (oSl Lol e




Jlitca2j @

000 Sl 4y ol l G o)lardr Cyluw g 0 e I3k daz 5 paats daz i Olads 5 e

The Induced Magnetic Field of Sea Waves

Frep WarrvrToN AND RicHARD CAMINITI

U, 8. Naval Ordnance Laboratory
White Oak, Silver Spring, Marylond

Absiraet, Electric currents generated by the circular motion of seawater in the earth’s
magnetic field give rise to emall alternating magnetie fields, These minute fields have the
frequency of the ccesn waves whipped up by winds, For a 100-m wave with 5-m height,
a period of B seconds, sen state 6, the field variee from about 3 + at the surface of the sea
wave to the order of 0.1 v at & depth of 95 m. This is a less rapid decay than the magnetic
field has above the surface due to the same induced currents in the seawater, The com-
ponent of the field in the direction of propagation reverses direction at a depth of ap-
proximately 8 m and reaches s negative maximum at about 24 m. The net effect iz & rotating
magnetic field in a verticel plane having & eyelic varying amplitude and angular velocity,
with forward rotation below the reversal level and reverse rotation sbove that depth. For
a more usnal wave (38-m length, 4.8 seconds period, and 0.82-m amplitude, 8 moderately rough
wave in the lower edge of state 4) the field varies from about 06 ~ at the surface to 01 ¥
at & depth of 22 m. The reversal of the field component in the direction of propagation of
the sen wave in this ease oceurs at about 3 m.

Introduction. Bmall magnetic fields of elee-
tric currents induced by the motion of the wind-
driven sea waves in the earth’s magnetic field
may be deseribed by the usual electromagnetie
theory for conducting mediums, Because sea-
water iz a condueting fluid (o = 4 mhos/m),
its motion in the earth’s field produces a trans-
verse magnetic force per unit charge which is
the induced electric field that canses the electric
currents,

need be sufficient to provide the shifting surface
charges.

The present study deals with magnetic fields
below the water surface induced by the motion
of the seawater in the earth’s magnetic field.
The procedure and the approximations made
follow in general those of Crews and Futterman,
including the designation of the approximately
trochoidal wave form. Various solutions [Lamb,
1945; Sverdrup et al., 1042] describe the water
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Fig. 1. Disgram of position of water particles at time { = 0 in eoslwt — k') = cos #.
The abscissa snd ordinete scales indicate the attenmustion with depth as a function of wave-
length, The abscisss scale is compressed by a factor of 2, and in the insert the source point
at 0 is enlerged to show more detail. The depth & is measured from the mean position MM

of the water particles at the surface.

r with depth. The velocity of the water particle
has components

vz, 8, ) = wree™ ™ cos &
( ) € (0

vz’ 8, f) = —wre " sin §

where ' = wi—fkr', angular frequency o =
2/, wave veloeity w = (gA/2r)™, and =’ is
the distanece of the equilibrium position of the
water particle from the yz plane through the
origin. If the wave propagation direction =
makes a horizontal angle e east of north, and &
iz the dip angle, the earth’s field has components
By, =DFBecos§cose=Bb B, = B cos § zin e,
B, = —B sin 8 = —Ba. In seawater of conduc-
tivity e, the induced current density should be

B' = f Idl x /107"

= Go/am) [[[ @ % 0 a2 ay e (@)
for all points @ in the water. The distance r
from @ to P (Figure 2) is given by
r=1i{z — 2 — ree”™ sin 8
+ iy = o) + k(s = h — ree™™ cos 8
= iX, + j¥ + kZ,

Using (2) and setting peour, = 4C, we can inte-
grate (3) directly with respect to ¥ from —es
to + oo, The integration yields, sinee dy* = dF,




