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N a previous paper! I have discussed the phe-

nomena of light signals on moving bodies,
when the moving bodies are subject to a con-
traction of length in the ratio (1—v*/cH¥: 1,
and when the clocks used are changed in fre-
quency in the same ratio; v being the velocity of
the body, and ¢ the velocity of light, both re-
ferred to the luminiferous ether. In the present
paper I consider, on the same assumptions,—
which derive from the phenomena of the aberra-
tion of light, and the Michelson-Morley experi-
ment—measurements of lengths and times on
relatively moving bodies, in which light signals
are not involved. The formulae to be used are in
large part already available from the preceding
paper, but are here considered from a different
aspect. "

We shall use in this study an observation
platform, an observed body and an observed clock,
all in relative uniform motion with respect to
each other. The observation platform is dis-
tinguished from the observed body only by the
fact that we have selected on it two separated
observation points, ¢ and b, from which we
observe the other body and the clock. The dis-
tance apart of these points we determine with a
measuring rod, moved past them at some definite
observed velocity ; the times at these points we
establish by similar clocks which have been
synchronized and set together when in coin-
cidence and have been moved apart at some
definite observed velocity. Our general problem
is to find the relationship between length and
time intervals on the observation platform and
on the observed body and clock, as functions of
their relative velocity and the velocities of the
rods and clocks used to locate the points a and b
on the observation platform. Our general pro-
cedure is to use the method of coincidences,—
since we are now excluding light signals. We shall
make “simultaneous’’ observations of the points
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opposite @ and b on the observed body, and we
shall observe the times of transit of the observed
clock past @ and b, both by the clocks at a and b,
and by the observed clock itself.

The scheme of labeling the various bodies con-
cerned in the precise way just indicated, is
adopted in order to emphasize the real distinction
between the bodies, which is obscured by the
frequent use in discussions of this problem of the
term ‘“‘stationary”’ to describe the observation
platform, and the term “moving” to describe the
observed body and clock. The significant distinc-
tion is not in terms of rest or motion, since all
the bodies are in relative motion with respect to
each other, but lies in the nature and point of
origin of the operations which are performed.

We shall consider first the times of transit of
the observed clock between ¢ and b. Let us
designate the distance ab by L,(1 —v*/c?}}, where,
as in the preceding paper, L is the distance ab
when the observation platform is stationary in
the ether and v is the velocity of the platform
through the ether. Let V be the velocity of the
clock with respect to the observing platform, its
total velocity with respect to the ether being
v+ V. We then have, by Eq. (1) of the pre-
vious paper, that the true time of transit is

Lo(1—w2/e?)}
T=
-
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The time by the observed clock’s own indication
is

To= Ly(1—2*/ch)? (
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This we must now put in terms of Vo, the
velocity of the clock as observed, as discussed in
the preceding paper.

Following the procedure there given, we have

- Vo(1—2/c%)
(Voo/d)+ (14 VeE/e)t
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In order to solve (2) we then put #/c=x and
V/c=z, giving

r =(Ls/C)(l-xz)’(l_(x+2)2)’. @)

0

3 c?

Putting Vy/c=a, we have (from appendix to
previous paper)

a(l—x?)
g=— (5)
xa+ (14x2)*
and
2y } —x2)i
(1_<x+z>> _a=®) ©
c xa+(1+4+o2)t
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for the time indicated by the observed clock for
its transit between ¢ and b.

We now investigate the transit time as re-
corded by the two clocks at @ and b on the ob-
serving platform. It will be the product of the
true time (L./V)(1—v*/c*)}, multiplied by the
rate of either clock (1—1*/¢®)% minus the dif-
ference of setting of the clocks due to their
separation. If the velocity with which the clock
at b was moved from a was W, the difference of
setting is

L,(1—9%/c?)t
oW

(-] o

We must now express this quantity and the
product just specified in terms of the observed
velocities V, and W,. Using the results of the
two preceding papers!-? we get finally for the
time as recorded by the clocks on the observing
platform:

AS
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Let us now compare (9) and (7). We see at
once that the transit time is recorded differently
by the observed clock and the clocks on the
observing platform. Taking certain typical cases
we note that:

(I) If W, approximates to 0, the transit time
is measured greater on the observation platform
in the ratio

[

2/ -2V} 02 4
Q:(LS/VO)(H-VO /%) =(1+L) 1)
TO Ls/Vo c? '

This may be stated alternatively that the ob-
served clock appears to run slow as evaluated
from the observation platform.

(II) If W0=V@,

Tp=To, (11)

the transit time is the same by either observation.

(IIT) If W,is greater than V,, the transit time
is measured less on the observation platform.

By inspection of the equations it is evident
that we would have obtained identical answers
had we interchanged the observing platform and
the body to which the observed clock was at-
tached, that is, had we provided another clock
on the observed body, and observed one of the
original clocks in its transit between the sepa-
rated clocks of the new observing platform. This
means that we have, in the observations (I), (II),
and (III) above, certain consequences of the
performance of a sequence of operations. The
observations do zo¢ tell us that the ‘“‘observed’
clock is fast or slow with respect to a similar clock
on the observation platform. They tell us how
the “observed” clock indicates with respect to
the difference of indication of clocks transported
at various velocities between two points on what
we have chosen and labeled as the observation
platform.
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We shall next investigate the question of
lengths on the observing platform and on the
observed body. To do this we imagine marks or
traces made from a and b on the passing observed
body, these marks being made at the same clock
readings at ¢ and b, that is apparently simul-
taneously. How far apart will these traces
measure on the observed body?

The complete solution of this problem is given
only by very complicated formulae, for the
reason that, in accordance with Eq. (13) of the
preceding paper, the divisions which can be laid
off on the observation platform and the observed
body are functions of the velocities with which
the standard measuring rod and the clocks used
in the process are moved past the bodies. These
could be different for each body, resulting in
apparent contractions or expansions over and
above those introduced by the relative motion
of the observation platform and observed body,
which are our chief concern. We shall here merely
note this possibility of a variety of obtainable
scale values on the two bodies, and confine our
attention to the case that on both our bodies
divisions have been marked off by placing a
standard measuring rod alongside, that is a rod
moving at infinitesimal velocity with respect to
the body to be marked. With this simplification,
Egs. (7) and (13) of the previous paper give the
solution. In terms of our present symbols we have

L L[ 147 %+ Vol s (1+W°2)%)
° ( +—c2_) Wo< P ]'(12)

As before we consider special cases:

(1)’ If W, approximates to 0, the distance
measured on the observed body approximates to
L (14 V¢/c®)3, that is the distance is measured
greater than on the observing platform. An alter-
native statement is that a measuring rod on the
observed body acts as though shorter.

(I1)" If Wo= "V, we have

Ve Vo Vo 5%
et (1) LY o,
c? Vo Vo ¢ (13)

the distance between traces measures the same
as the distance between observing stations.
(I111)" 1f W, is greater than V,, the traces on
the observed body are evaluated as separated less
than the stations on the observation platform.
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We therefore find an exactly parallel condition
of affairs as for the comparison of indicated
times, and the comments made on that case also
apply here. The operations we have gone
through, starting with the labeling of one body
as the observation platform, picking two observ-
ing stations on it, and establishing similar clocks
at these stations by transport, lead, by use of the
method of coincidences, to traced lengths on the
observed body which range from apparent con-
tractions to apparent expansions, depending on
the observed velocities of transport of the clocks
on the observing platform.

From the standpoint of this series of papers
all the results (I), (I1), (IID), (I)’, AL)’, (IIL)’
are of coordinate validity and significance. They
are observations following upon certain opera-
tions performed on bodies subject to the Fitz-
gerald-Larmor-Lorentz contractions in their
motion through the ether. Of these possible ob-
servations of lengths and indicated times, those
designated I and I’, corresponding to infini-
tesimal velocities of the clocks and rods used to
establish distances and times at separated sta-
tions on the observation platform, are of interest
for the reason that they exhibit, upon a certain
choice of descriptive terms, a striking mimicry of
the length and frequency contractions with
respect to the ether, which are the underlying
causal phenomena. Thus if we use the term
“stationary’ to describe the observation plat-
form, and describe the observed bodies and
clocks as “in motion with respect to” the ob-
servation platform (with the reservation that
these terms have no real justification, since all
that we can observe is relative motion), we find
on going through the operations above described
that the “moving’’ bodies and clocks are ob-
served as contracted in length and frequency in

the ratio:
. > ;1.

This mimicry, which holds to the second order
of Vy/c, becomes exact if in place of V we express
the result in terms of va_1 of a preceding paper,!
for the condition that the clock on the observing
platform has been moved infinitely slowly, for

1
A+ VE/) —< e o
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which the symbol vy, may be used.? To do this
we put v;—v, for V; we then have :

Vo — U1
(1—0:2/c)H(1 —va2 /%) (1)
(va—21)/ (1 — (v105/¢%)) Vo

(L= @)1 — /) (1= ui/)Y
Putting this in the expression for L, we have

1%
LO:Ls(l_f_—;)
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indicating that the measuring rod carried on the
observed body appears shortened in the ratio
(1—ve/c®)t : 1. Similarly we find the time
interval by the clock on the observed body
appears shorter in the same ratio, and hence that
the frequency of the observed clock is reduced
in that ratio. These apparent contractions thus
display a formal similarity to those contractions
of length and frequency in theratio (1 —2*/c%)* : 1
due to motion through the ether from which all
the results (I), (I)’, (A1), (L)', (I11), (III)’, are
derived. Physically this means that any results
deduced for motion through the ether will -be
expressible in formally similar equations in terms
of relative motion of matter, provided that times
and lengths be measured by the sequence of
operations leading to I and I', and relative
velocities by the convention symbolized by ve.
The Special Theory of Relativity is, in the
light of this analysis, a structure built on the
special case covered by I and I’, and the use of
the terms ‘‘stationary” and “moving” to de-
scribe the observation platform and the observed

3 Vs and v are two different measures of the relative
velocity of the observation platform and the observed
bodies. V, is obtained from a clock fixed in position on
either platform or body, in conjunction with observation
of scale divisions going past; wve is obtained from the
passage of a fixed point on the observed body past two
clocks, one fransported infinitely slowly to its station.
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bodies. By virtue of its actual, though unacknowl!-
edged, derivation from the ether and the con-

- tractions of length and frequency which occur

on motion with respect to the ether, it predicts
correctly the results of performing . certain
selected operations. Neglecting to inquire into
what physical behaviors underly the validity of
this special case, it offers no explanation of what
lies behind the particular choice of operations.* It
thus gives only a partial account of the phe-
nomena of moving bodies, in contrast to the
complete account® given by the hypotheses of
Fitzgerald, Larmor and Lorentz, based on the
phenomena of aberration and the Michelson-
Morley experiment. It has an unquestionable
practical interest, since the terrestrially attainable
velocities of rods and clocks are usually negligible
compared with the velocity of light, and it is in-
stinctively easy to regard the earth as ‘‘sta-
tionary.” It has the further element of prac-
ticality at the present time that, with the current
vogue of radio time signals, its times at distant
points coincide with these signals under the
simple convention that these are always to be
assigned the constant value of velocity ¢. A
special case of a general theory should not,
however, be allowed to usurp the position prop-
erly belonging to that general theory.

4+ The constancy of the measured value of the velocity
of light—a feature of the conditions I and J’~—is introduced
by Einstein in his original communication as “‘in agree-
ment with experience.” This “experience’” consists of
measurements made with clocks and rods moved at in-
finitesimal speeds with respect to the bodies under observa-
tion. Had “‘experience” been sufficiently wide, i.e., had it
included experiments with rapidly moved clocks and rods,
it would (if the contractions are in fact of the character
here assumed) have demanded qualification or abandon-
ment of this assumption. The restriction to infinitesimal
velocities should be openly included in the statement of the
second postulate of the Special Relativity Theory, and
when so stated the postulate loses its appearance of funda-
mental simplicity and demands a justification. This lack of
any explanation is noticed by Levi-Civita (Nuove Ci-
mento, 13, 45-65 (1936)) who asks “‘if it is possible to give
any concrete interpretation . . . to the elementary chrono-
topic interval.” The ether and the length and frequency
contractions do give a concrete interpretation.

5 An outstanding merit of the use of the ether as the
reference frame is that it handles without difficulty the
positive effects obtained in observations with rotating
bodies, such as the Sagnac experiment.






