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imposition of the elementary solutions, or by solving a bidimensional
problem in a well-known manner.

Those who are acquainted with my papers in this journal will
recognise that what we have arrived at is simply the elementary
plane wave travelling along a distortionless circuit. All roads lead
to Rome !

Returning to the case of a charge ¢ at a point moving through a
dig ‘¢, if the speed of motion exceeds that of light, the disturbances
are wholly left behind the charge,
and are confined within a cone,
AgB. The charge is at the apex,
moving from left to right along Cg.
The semi-angle, 6, of the cone, or
the angle AgC, is given by

sin 6 =v/u,

where v is the speed of light, and u
] ] that of the charge. The magnetic
!mes are circles round the axis, or line of motion. The displacement
is away from ¢, of course, and of total amount g, but not uniformly
distributed within the cone. The electric current is towards ¢ in the
inner part of the cone, and away from ¢ in the outer.

It will be seen that the electric stress tends to pull the charge back.
Therefore, applied force on ¢ in direction Cg is required to keep up the
motion. Its activity is accounted for by the continuous addition at
a uniform rate which is being made to the electric and magnetic
energies at . For the motion at the wave-front, at any point on
Agq or By, is perpendicularly outward, not towards ¢. Whilst the cone
is thus expanding all over, the forward motion of ¢ continually renews
the apex, and keeps the shape unchanged.

Steady motion alone is assumed. :

To avoid misconception I should remark that this is not in any way
an account of what would happen if a charge were impelled to move
through the ether at a speed several times that of light, about which
I know nothing ; but an account of what would happen if Maxwell’s
theory of the dielectric kept true under the circumstances, and if I have
not misinterpreted it. [See footnote on p. 516, later.]

Nov. 18, 1888,

Part IIL
4 sturbances being propagated through the dielectric ether at the
sp hghtz whep, therefore, a charge is in motion through the
me , the discussion of the effects produced nsturally involves the

consideration of three cases, those in which the speed » of the charge is
less than, or equal to, or greater than v, that of light.

In a previous communication [Part II. above], I gave the complete
and very simple solution of the intermediate case of equality of speeds.
A formal demonstration is unnecessary, as the satisfaction of the
necessary conditions may be immediately tested.

OLIVER HEAVISIDE’S SCIENTIFIC WRITINGS ARE CONTAINED
IN FIVE VOLUMES: ELECTRICAL PAPERS, PUBLISHED IN TWO
VOLUMES, AND ELECTROMAGNETIC THEORY, PUBLISHED IN
THREE VOLUMES. THE PRESENT, SECOND EDITION OF THE
ELECTRICAL PAPERS IS A REPRINT, IN TWO VOLUMES, OF
THE FIRST EDITION, PUBLISHED AT LONDON IN 1892 AND IS
TEXTUALLY UNALTERED, EXCEPT FOR CORRECTION OF ERRATA.
IT IS PRINTED ON ALKALINE PAPER, AND IS PUBLISHED AT
New York, N. Y., 1970. !
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But I was not then aware that the case u<v admitted of being pre-
sented in a nearly equally-simple form, That such is the fact is rather
surprising, for it is very exceptional to arrive at simple results, and
these now in question are sufficiently free from complexity to take a

_ place in text-books of electricity.

Let the axis of z be the line of motion of the charge ¢ at speed w.
Everything is symmetrical with respect to this axis. The lines of
electric force are radial out from the charge. Those of magnetic force
are circles about the axis. The two forces are perpendicular. Having
thus settled the directions, it only remains to specify their intensities
at any point P distant r from the charge, the line r making an angle 6
with the axis. Let E be the intensity of the electric, and H of the
magnetic force. Then, if ¢ is the permittivity and p the inductivity,

Such thab [w?)z = 1, we have
q l od
7‘2< 7]2)

(u<v) ‘ (1 - %: sin29)%’

H=cEusinf. ...........ccceoovinvinnns (B)

That (A), (B) represent the complete solution may be proved by
subjecting them to the proper tests. Premising that the whole system
is in steady motion at speed u, we have to satisfy the two fundamental
laws of electromagnetism :—

(1). (Faraday’s law). The electromotive force of the field [or voltage]
in any circuit equals the rate of decrease of the induction through the
cireuit (or the magnetic current x — 4m). "

(2). (Maxwell’s law). The magnetomotive force of the field [or
gaussage] in any circuit equals the electric current x 4w through the
circuit.

Besides these, there is continuity of the displacement to be attended
to. Thus:—

(3). (Maxwell). The displacement outward through any surface
equals the enclosed charge.

Since (A) and (B) satisfy these tests, they are correct. And since no
unrealities are involved, there is no room for misinterpretation.

When /v is very small, we have, approximately,

-9 ¥
CE—'.,‘z’ H—ﬁsm(),

representing Prof. J. J. Thomson’s solution—that is, the lines of dis-
placement radiate uniformly from the charge, and the magnetic force is
that of the corresponding displacement-currents together with the
moving charge regarded as a current-element of moment gu. Instant-
aneous action through the medium is involved—that is, to make the
solution quite correct.

That the lines of electric force should remain straight as the speed of
the charge is increased is itself a rather remarkable result. Examining
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These results, (88), (89), used in (78), (79), complete the explicit
solutions.

(16). This brings us to Bessel’s expansions of the formulas for
the mean and eccentric anomaly in a planetary orbit. Very few
electronic investigators know much about this old subject, so for
comparison with the electromagnetic problem, I add a few notes
thereon. The figure shows part of the elliptic orbit, and part of a

T -1
® .7

i8
S a

concentric circle. The polar co-ordinates of a point on the elli?se
are 7, 0, with the focus as origin; the circle has radius a, the major

semi-axis. The minor one is b. Then
= = ol=e) oy B 90
r=a(l —e cos ¢‘)—1+ecos o € s (90)

is the polar equation referred to focus. Draw a perpendicular
from the end of r to the circle at ¢,, and let ¢,=nt, Then the angle
¢, is called the mean anomally, ¢, the eccentric anomaly, and ¢
the true anomaly, when a planet is at P, and the sun at S.' Let
#y revolve uniformly in the circle. We have, by dynamics of
particles,

3
G,=¢ ¢ sin ¢, tan 0= (-1—+—> tan 1o;. 91)

l1—e¢
The uniform revolution of ¢, is accompanied by a continuously
variable revolution of ¢;,. Bessel showed that
b1 =+2 {J1(e) sin g+ 1T5(2¢) sin 2995 5(8¢) sin Bgg+...}
208 ¢, = — e+ (Jg— 1) (e) cos g+ (T, —JT3)(2¢) cos 2,
+&(J,—J)(8e) cos 3y +...

sin g, =(J,+J,) €) sin @+ 3(J,+J;)(2e) cos 20+ (I .+ I )(8e) sin Bpy+...
If in these, we put e=my g, and reduce ¢, and ¢, by 3= each, we
make #.=¢,43 cos ¢,, and the results will correspond to some in

omagnetic problem above, although there is no dynamieal

res ce between the two problems.
(1TP®But it is not from these expansions, however useful for
minute calculation, that we can see what the resultant effect is.

TFor that we should examine the unexpanded H formulas th?m-
selves, giving special values to ¢, and ¢, in a complete revolution.
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There is a great difference between the results on the axis and in
the equatorial plane, where the Doppler effect is fully developed. In
speaking of dopplerisation, it should be understood in a wider sense
than in the old Doppler effect. The distortional effects due to the
motion of a source of disturbance should be understood. In the
uniform straight motion of a charge, for instance, the effect is equa-
torial compression of the tubes of displacement, and this is the
same fore and aft. This is different from the old Doppler etfect,
which is a compression in front of the moving source of light,
causing an increase of frequency in light of any one sort. Behind
effects are ignored ; but in plane waves the effect is the opposite, a
lengthening of the waves and a lowering of frequency.

Now when a charge revolves in a fixed cirele, and the point of
observation is in its plane, the charge is sometimes moving towards,
and sometimes moving away from the observing point. There is
compression and increase of intensity in the first case, and expan-
sion and decrease of intensity in the second case. So the sine wave
is distorted, with a shifting closer of the nodes, an increase of intensity

v

between them, and a decrease outside. The main effect at the
observing point of increasing the speed gradually from 0 up to v is
to gradually squeeze the nodes together once per revolution, with
& great concentration of the disturbance. During the rest of the
revolution, the disturbance, of the opposite sign, is widespread and
weak. The final result at u/v=1, is mere pulses, one per revolu-
tion, together with the spread weak disturbance of the opposite sign.
The figure will show the beginning of this process.
In the plane of the orbit, §=4r, H,$=0, and

9= Qnu  sin ¢, —u/v hr=g—nt,
¥ dmry {1—(u/v)sin ¢, 1% :950_%‘008 22 @

The position of the nodes is given by
2\3
¢1=¢0—%(1—'L,)'. (93)

s w
sin ¢y =",
v LAl

Say u/v=%, then ¢,=7/6, and ¢,=7/6+ 3}
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