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The belief, which Sir Frederic seems to approve,
that thinking is “tied up with the solution of
problems’” may be seriously questioned. It does not
appear to be necessary for Sir Frederic’s proposals
and it is a pity that he has not criticized it. 'L'he
clich6—so often met in the American text-books—
that ‘‘thinking is problem-solving” overlooks the
fundamental portion of our thinking which has to do
‘with the detection or identification of problems. The
very word ‘problem’ is hard to pin down to any
useful meaning, and in much of our thinking we are
groping to find out what needs to be done rather
than how it needs to be done.

Whenever we consider experiments in psychology,
we should see them in perspective and recognize that
there are other methods just as important. Without
in any way diminishing the value of Sir Frederic's
suggestions about thought and skill, we have to
bear in mind that most illuminating insights into
thinking have come front men gifted with an intuttive
understanding of their own mental life, from novelists
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and poets like Proust and Keats, as well as {rom
men of science and mathematicians like Helmholtz,
Poincaréd, Graham Wallas and Hadamard. Above
all, we are iIndebted to Freud for & far-reaching
conception of thought which is at once biological
in character and based on profound clinical observa-
tion. Tho scope of the psychology of thought must
cover the developmental sequence of mental growth,
pathological thought, as well as comparative studies
in different cultures. In these spheres, it is vital
to supplement experiment with other methods of
inquiry. Sir Frederic’'s proposed experiments are
drawn from his interest in skill. A full programime
of experimental inquiry into thinking must be
founded upon a deep understanding of the charac-
teristic features of thought during the period of
development, of non-conscious thought structures, of
the psychopathology of thought and of social and
cultural influences on thimking. JOERN COHEN

I Humphrey, G., “Thinking : An Introduction to its Experimental
Psychology” (Methuen, London, 1951).

A NEW ATHER-DRIFT EXPERIMENT
By Dr. L. ESSEN

Electricity Division, National Physical Latoratory, Teddington, Middlesex

HE special theory of relativity is so well estab-

lished by indirect evidence that the significance
of the original =ther-drift experiments has decreased,
‘and the experimental discrepancies in the results
obtained have caused few misgivings. Such dis-
crepancies should, however, be examined if further
developments in experimental technique enable
new and possibly more precise methods to be
employed.

The possibility of performing an experiment
similar to that of Michelson and Morley but using
short radio waves in place of light waves has been
discussed in several letters in Nature'-%, and the
experiment outlined in one of these? has now been
completed at the National Physical Laboratory.

A cylindrical cavity resonator of length 16866 cm.
‘and diameter 8:075 c¢m. was used to control the
frequency of an oscillator at approximately 9,200
Mec./s. The resonator was mounted with Iits axis
horizontal and was rotated continuously i a hori-
zontal plane at a rate of about one turn per minute,
~ the frequency of the oscillator being measured by
comparison with a quartz standard at intervals of
45° during the rotation.

The theory of the method may be described in the
following way in order to bring out the points of
similarity to the optical method. The cavity resonates
~ when its length is a whole number of half - wave-
lengths and the resonant frequency is given by :
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where v is the phase velocity, A the wave-length, !
the length of the resonator and n the numbper of
half - wave-lengths. In this condition the time taken
for the phase of the wave to travel to and fro between
the end faces of the resonator is 1/f. If now because
of the earth’s orbital motion a relative velocity ¢ be
postulated between the resonator walls and the
. medium of propagation within it, then just as in the
~optical case, this time becomes :
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when the axis of the resonator is in line with the
orbital motion, and :
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when it is at righ% angles to it. The resonant fre-
quency and therefore the frequency of the controlled
oscillator should thus vary by a fractional amount of
g*/2v* on rotation, there being two minima and two
maxima for a complete rotation ot 360°.

In the optical experiment, interference fringes are
formed between two beiains of light which have
followed paths at right angles to each other. On
rotation of the Interferometer through 90°, the
positions of the paths are interchanged and the
difference in transit time is reversed, giving a frac-
tional change of ¢*/v? which is observed as a fringe
displacement. Another difference from the prescnt
experiment is that whereas the phase velocity of tho
light waves is very ncarly cqual to the free space
value ¢, it is greater than ¢ for the radio waves and
depends on the diametcr of the eylinder in which the
waves are travelling. The . calculatod ftrequency-
change is accordingly only 3 parts m 10° for the
resonator and frequency employed if the earth's
orbital velocity is taken as 30 km./s., while tho
corresponding fractional time change in the optical
method 1s 1 part in 10%.

Thoe results obtained are swnmarized in Tuble 1,
which gives the average of cach set of observations
reduced to & convenient form by a correction ior
linear drift and the subtraction of a copstant term.

In the last column is given the amplitude of the
sccond harmonic periodic term as determincd by
harmonic analysis. "Lhe figures in the last lmeo are
obtained by averaging the observations for every
rotation and not by averaging the mean-figures given
above. The averaging is permissible because the
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Table 1. VARIATION OF FREQUENCY WITHE ROTATION OF THE CAVITY RESONATOR
Date of measurement, December 3~15, 1954, Unit, 1 c./s. (109 parts in 1010)
. , Amplitude
No. of Deviation of resonator frequency from the reference value at orientation of 2nd
rotations - - —————— e harmonic
| 0° 45° 80° 135° 180° 22b° 270° 315H° term
12 9-1 4] -8 597 6090 361 08 —16-5 —22-2 0-5b6
| 7 12 22 -2 458 377 18-8 10-0 — 83 —12-6 2-5
12 2-5 32-3 578 435 24-2 — 63 —30-4 —24.0 | 0-8
22 -6 180 108 136 0-7 4-8 — 57 —0-8 1-2
16 67 47 -2 678 49-4 204 —310 —42-4 —22-4 14
, 22 65 335 47-8 42 -8 9-0 —28-¢ —385 —27-0 16
14 58 36 -2 b2 42 -0 7-8 —25-0 — 408 —30+4 02
14 —16 37 4-6 68 20 — 30 — 62 —_ 57 04 _
I.—-_._____Tn——-——-—-—_—-————- e - S ——————— L . e i
Total 118 0-9 233 369 290-3 09-4 —156-6 —274 — 209 01
| - — e

et e——e e e e e e ettt eeerrereesmrn)
Table 2. VARIATION OF FREQUENCY WITH ROTATION OF THE CAVITY RESONATOR, INDIVIDUAL OBSERVATIONS

Unit, 1 ¢./s. (1-09 parts in 1019)

observations were all made at about the same time
of day. It will be noticed that there is a much larger
periodic variation, having one maximum and one
mimumum per rotation. This was found to be due to
a tilt of the turntable and was difficult to remove
for reasons explained later. It was least in the last
set of measurements, and the individual observations
for this set (again corrected for linear drift) are given
in Table 2 to illustrate the precision of measurement
achieved.

The expermment was performed with existing
apparatus and was completed within a few weeks of
its assembly. Some of the practical difficulties that
were met could probably have been overcome by
the construction of special equipment, but others
were of a more fundamental nature.

The cavity resonetor was made of invar to secure
the low temperature coefficient required in its
original application®, and preliminary tests were
therefore made to determine the effect of magneto-
striction on the oscillator frequency. The changes of
frequency observed on applying magnetic field-
strengths between 1 and 10 gauss suggested that the
earth’s field would produce a periodic change with
rotation of about 4+ 2 x 10-1%, and this could account
for the second harmonic term in the results given in
Tables 1 and 2.

The turntable, which was adapted from the base
of a fatigue testing machine by Messrs. H. L. Cox
and N. B. Owen, carried the whole apparatus,
including the resonator, the oscillator control circuits
and the frequency standard, weighing altogether
approxmmately 5 cwt. It was mounted on rollers and
driven through a reduction gear by an electric motor ;
and a certain amount of gear vibration and non-
uniform acceleration was detected. The effect of the
vibration was reduced by mounting the oscillator on
sponge rubber, but this aceentuated the effect due to

& tilt of the turntable to which reference has already
been made.

Deviation of resonator frequency from the referenge value at orientation
No. of rotation —————————— | e e

} 0° 45° 00° 135° 180° 295° 270° 315°

1 — 190 105 170 185 130 85 0 — 255

2 5-5 28-6 11-7 — 02 40 — 9-9 -~ 238 - 112

| 3 5-0 105 80 15 — 39 - 76 — 120 ~ 65
4 ~ 1900 — 87 13-6 208 180 83 45 — 272, |

5 5-0 50 - 50 — 100 ~ 150 0 5-0 100

8 55 45 35 25 — 15 — 95 — 55 85

7 — 30 0-1 3-2 21-3 — 06 — 74 — 43 | - 149

| 8 — 10 — 385 40 ~ 45 — 60 — 85 - 10 — 85

9 — 100 — 100 — 50 0 100 16-0 60 0

10 — b0 — 81 38 07 7-6 44 1-3 - 18

11 — 10 71 b-2 83 114 — 04 — 12-3 — 142

r 12 — 50 56 11-2 11-8 171 — 68 — 202 — 156

13 180 — 01 — 162 37 0-5 — 76 — 108 1-1

14 2-0 8-0 108 127 — 155 — 238 — 118 12-0

Average — 16 37 4-8 88 29 — 30 — 62 — 57

The principal practical difficulty was, however, the
adjustment of the oscillator to have the necessary
small band-width and stability. Under the conditions
accepted for observations, the band-width was such
that a single comparison of frequencies in terms of
the standard could be made with a precision of
+ 1 part mn 10'°; but when the apparatus was
otating, this condition was not maintained for very
long. If the stability of the oscillator could be
mcreased, it might be worth while repeating the
expermment with an improved turntable and with the
magnetostriction effect eliminated by screening or by
using a cavity resonator of different material.

It may be of interest to recall the most recent
optical results. In the precise determination made by
Joos®, the interference fringes were measured by a
microphotometer and it was concluded that there
was & null result to + 0-001 fringe or 0-3 per cent of
the expected displacement. Miller?’, however, who
carried out the most extended measurements, wag
critical of this result and afterwards published s
paper In which he persisted in his view that there is
& definite effect of about 8 per cent of that anticipated. -
The present experiment suggests that Miller’'s con-
clusions cannot be accepted; the effect, if any, is

shown to be not more than one-tenth of that reported

by him, which must probably be ascribed to some
systematic error®.

The work described above has been carried out
as part of the research programme of the National
Physical Laboratory, and this paper is published by
permission of the Director of the Laboratory.
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