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The electromagnetic field due to an electric doublet moving uni-
formly in a direction perpendicular to its axis or in a direction of its
axis has already been examined by Prof. T. Mizuno' as an application
of the Principle of Relativity. Six years ago the writer® derived the
generalized Lorentz-Einstein transformation equations and noticed that
they would have an important bearing on problems concerning motions
whose directions are not confined in one of the coordinate axes. The
field due to an electric doublet moving in any direction with a con-
stant velocity is easily obtained by making use of the generalized
transformation equations. ‘ :

As is well known, the electric force E and the magnetic force
H, due to a stationary electric doublet, are given by

=——g~s1+ —%pr(slr), H=o, (1)

where @ is the electric moment of the doublet, s, the unit vecter along
its axis, and r the radius vector of any point drawn from its centre.
If the doublet is in motion with 'a constant velocity v with respect
to a stationary system, and if we consider a moving system, at whose
origin the doublet is situated, the electric and magnetic forces measured
in the moving system are given by
&
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If the two systems coincide at the time #=# =0, we have
Y =1+({F—1) v(Vir)—7ve (3)

where
1

S

and v, is the unit vector along v, ¢ being the velocity of light in
vacuum.

T:

Multiplying v scalarly and vectorially to (3) and putting

r—-v:=R, | 4)
we get
{ (vr') = 7(vR), (5)
[vr'] = [vr] = [vR]. (6)
Consequently (3) may be written
r’= R+(r— I)V1(V1R), . (7)
or
r'=1R+(@—1) [ws[V:R]]. (®)
Squaring the last equation we have _
rt= 7’2R2{ I— ﬂz[lel]z}, (9)

where R, is the unit vector along R.

Similarly putting
B—VZ = s: . ( I O)

8 = S+ ({F—1)v(vS), (11)

we obtain
and consequently
(e = R+ - DVR{ER) +( L) RIS} (12)

By the aid of equations (9), (11) and (12), the equation (2) may
be written

E= o mET BB (1) CRESIR

—PR(1~FTv RS
+37 - DR (SR)+ (L) (WR) (v8)}v,
— = OrR(vS) {1~ F[viR. ]} i,
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because it is well known that the electric charge ¢ is an invariant
quantity.

If we use 0, ¢, o to express angles between the radius vector R
and the velocity v, the axis of the doublet § and the velocity v, and
the radius vector R and the axis of the doublet 8, respectively, and
moreover if we denote by @ the electric moment of the doublet meas-
ured in the stationary system, the above expressions take the form

E= PR _‘(gzsineg)m [3{(1 =) cos ¢+ cos § cos ¢} Ry

—(1—& Sin"’ﬁ) S
+ (7~ 1){3(1—/3%) cos 0 cos ¢+ 23* c.os"'ﬂ cos ¢
—(1 '—BZ) cos 9[’} Vl]’

H =o.

Substituting these values in the transformation equations of the
electric and magnetic forces, namely

E —'r{ ~[vH’]} (r—1) vi(v:E), -

H~{R + L[vE) | - ¢~ 1) v(vE),

we get
E= R3(I e s/fn)zﬂ)s,/; [3{(1—F?) cos ¢+ B* cos b cos ¢} R, )
—(1—sin’d) §,],
Beo Q=B s (13)
(1 — Py L3 ¢+ cosf cos ¢} sin @ R*

— (1 —@*sin’f) sin ¢ §,*], )

where R,* and §* are the unit vectors along the directions [v.Ri]
and [vS,] respectively. These are the electric and magnetic forces
due to an electric doublet moving uniformly in any direction. It is
interesting to note that the electric force B may be considered as made
up of two vectors, one in the direction of the axis of the doublet and
the other in the direction radial from the centre of the doublet. The
electric force is wholly independent of the vector ;.

Now let us apply the above results to the following special cases :
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(i) The doublet is moving along its axis.
In this case, since ¢=0 and #=¢, equations (13) reduce to

(1 —f ‘ 20712
E= R —(1,825512)0)5/2 [3 cos 8 R,— (1 — Fsinf) 8],

__ O-f) o
H = Rs(l —‘@2Sin20)5/2_ [3 COs # sin ] R1 ].
If we take the axis of the doublet as the z-axis we get the following
scalar equations .

E 301—PXZ o 30 -pYZ
TR fsin'tyr * R(1—Bsin®)r*’
E=300-pYZ o 3081- Xz
7 R(1 - Fsin'y R’ v R(1—Fsin’fy”
E= 300=p)2  0(1—f) H, =o,

T R —Fsinty® R —Bsin’fy R

where
RE=X+Y*+2%

(ii) The doublet is moving perpendi::ularly to its axis.
In this case, since ¢=n/2, we get

E = s (31~ cos o Ri=(1 — Fsin') 8],

(Dﬂ(f‘ﬂz) o : *__(1_ A2in? *
RS(Y:‘BEW [3(1 ﬂ ) Cos ¢ sin 0 Rl (I ‘3 sin 0) 81 ]
Hence, if the axis of the doublet be taken as the z-axis as before
and the direction of motion as the x-axis, we obtain
(F— 30(1- By Xz

* RY1— B%in%0)"*’
5 300— Yz

Y RY(1—Fsin’h)?’
3P(1—pyzt o1~ )

H=

E= Rt Pty R = ity
( M, = o,
f— 3OB=Z* | 03— )
R — Fsmly® R — ey
o 308G—FYZ

R —Fsin )




