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Jow duty cycle, two krypton-filled pro-
nters were used.

f each of the two proportional counters
and fed to a pulse-height analyzer
4.4keV Mossbauer radiation. The out-
ulse-height selector was connected with
and B as indicated in Fig. 2. Scalers A
ated according to the motion of the source
ng way: Scalers A were counting when the
ed to the transducer was increasing from
and scalers B when the voltage was de-
80 to 20%. To reduce the background
ing was provided by a photocell so that

0 RPM

742 0.3 VOLT

it A | I 1 |
AMPLIFIER: GEN 6 40 20 +] 20 40 &0 BO
g ~ AMPLITUDE TRIANGULAR WAVE (VOLTS)

3

resonance curves. The amplitude of the tri-
 proportional to the linear velocity of the source
absorber. The left (right) side of the plot corre-
of the source toward (away from) the absorber.
es are the fitted Lorentz curves normalized to
& full width of the resonance line. With increas-
tor a considerable broadening of the resonance

arrangem The statistical errors of the points are smaller
The rotor
vas driven o
motor, .
. The sp accepted pulses when source, absorber

ere in a straight line. Two scalers con-
100 ke/sec crystal oscillator and gated
photocell and the triangular wave deter-
ing times of scalers A and B. These
ere used for the normalization of the

tt-Packard

amplified to , The measurements were done under
o0 0.29%. en speeds of the rotor, but so that no
n-free 1009 1 the 1 kc/sec triangular wave occurred.

an example of the measured resonance
different velocities of the rotor. The
ting rates were fitted to a Lorentz curve
squares method, normalized so that the
for v=c0 was 10,

of the time.

oration, Cleve
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7 | V= 0.0000 mm/sec
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61 r=(620%06) VOLT
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Fic. 4, Typical resonance curves measured with the linear drive.
The source was moving with the indicated velocity v toward the
absorber causing a linear Doppler shift D. Amplitude of the
triangular voltage at the left sicEe of the figure means the super-
imposed velocity of the source caused by the transducer has the
same direction as v; at the right, the opposite direction. The ab-
sorption line measured at v=0 shows the existence of a small
chemical shift of the resonance line. The plotted curves are the
Lorentzians obtained by the least-squares fit method.

The motion of the source mounted on the transducer
must be calibrated as a function of the amplitude of the
triangular voltage applied to the piezoelectric trans-
ducer. This was performed in the following way: The
source mounted on the transducer was moved toward
the absorber with a constant velocity v by means of a
mechanical linear drive. The mechanical drive consisted
of a micrometer screw driven by a synchronous motor.
The average velocity was constant to 0.1% and could
be determined by measuring the time for 24 revolutions
of the micrometer (=12 mm) with a photocell. The
linear shift caused by moving the source toward and
away from the absorber was measured as in the centri-
fuge experiment by applying different triangular volt-
ages to the transducer. This method of calibration has
the advantage over the use of the piezoelectric constant
that it was not necessary to know the absolute ampli-
tude and distortion of the triangular wave and the
exact dimensions of the transducer. Also by using the
same source and absorber as in the centrifuge experi-
ment a possible chemical shift of the resonance line
would cancel, Figure 4 shows an example of these
measurements which were done every few days. The
position D of the resonance line in terms of the tri-
angular wave amplitude was determined as in the
centrifuge experiment by fitting the experimental points
to a Lorentz curve by the least-squares method. In
Fig. 5, D is plotted as a function of the velocity of the
linear drive. The points were fitted by the method
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shows, a considerable broadening of the
with increased velocity was found. This
d by vibrations in the rotor. In the
is assumed that the broadening of the
‘has no influence on its position. This is
rotor vibrations are random with respect
f the rotation of the rotor and also with
phase of the transducer vibrations. An
phase related rotor vibration would be
ration caused by a faulty bearing of the
ng the rotor with the driving unit of the
forced phase related vibration may give
ening and a different shift for the two
on and different results with different
speed of 25 000 rpm the measurements
er both directions of rotation, and within
ror of 3%, the least-squares fit calculations
i¢ position and the same width of the
. At higher velocities only one direction
used, as the other was considered unsafe.
had broken, a disk threaded to the
or would have fallen on a support beneath
ion of rotation the rotor would then
from the safety disk allowing the rotor
bottom of the vacuum chamber and
aratus. Two slightly different rotors were
em had a machining error so that it had
ince of 20 g cm. No systematic difference
results obtained with the two rotors was
rotors could also be mounted under
with respect to the shaft. No evidence
ence of the result upon the mounting
rved, Furthermore, the rather thin and
uspending the rotor (about 2-mm diam
g) makes the transmission of a forced
h would be in phase with the rotation
The only reasonable explanation of the
hat they are the almost undamped charac-
of the rotor. An amplitude of these
s of 10-15 A would be enough to cause
: observed at 31000 rpm. The discrete
encies of these vibrations makes a
with the rotation improbable. These
wibrations could be induced by the
ccelerating and braking actions of the
s gears due to slight changes in the motor

r phases of the experiment the resonance
irreproducibly nonsymmetric by a few
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025 T T T

SEC
i il

SHIFT D IN MM,

B

opol 1 | L
] 200 300
VELOGITY OF ABSORBER R, IN M/SEC

T16. 6. Comparison of the erimental points with the
theoretically expected transverssx%opplcr shift. The shift in
units of the linear Doppler velocity is plotted against the velocity
Raw of the absorber. The statisticaf error corresponds to the
radius of the circles.

percent. Since the effect was observed in the centri-
fuge and the calibration experiment it cannot be ex-
plained by the above discussed rotor vibrations. This
effect may be an instability in the shape of the triangular
wave or the gating circuits, or a change in the mounting
or the linearity of the piezoelectric transducer, but the
exact cause could not be located. None of these irre-
producible measurements are included in the results.
The results of measurements reported earlier' are also
omitted, because the rotor used for those measurements
exploded before any check and recalibration could be
performed.

The result given here shows that the experimentally
measured second order Doppler effect agrees within an
error of 1.19 with the predictions of the theory of
relativity, and is to our knowledge the most accurate
determination of the transverse Doppler cffect up
to date,
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