
SOVIET PHYSICS USPEKHI VOLUME 15, NUMBER 1 JULY-AUGUST, 1972

535.225

CLASSROOM INSTALLATION FOR THE OBSERVATION OF THE DOPPLER PHENOMENON

WITH THE AID OF A LASER

B. Sh. PERKAL'SKIS, V. L. LARIN, Yu. G. KOLPAKOV, and Yu. P. MKHAILICHENKO

Usp. Fiz. Nauk 106, 161-164 (January, 1972)

FOLLOWING the work of A. A. BielopolskiC13 and Β. Β.
G o l i t z i r i 2 ] , Ch. Fabry and H. Buis sor i 3 > 4 ] performed
exper iments to verify the validity of the formula des-
cribing the longitudinal Doppler effect. These authors
used reflection of light from the edges of a rapidly ro-
tating paper disk. The spectra l resolution of the light
was with the aid of a F a b r y - P e r o t inter ferometer .

At the present t ime, using radiation from a helium-
neon l a s e r at the wavelength λ = 6328 A, it i s possible
to reproduce the experiments of Fabry and Buisson
under c lass room and laboratory conditions. We have
used a universal brush motor (EM) from a vacuum
cleaner, designed for 127 volts. At this voltage, the
rotor speed is 14 000 rpm. By applying 140—150 V for
a short t ime (1 min), it i s possible to increase the rotor
speed to 17 000 rpm. If the radius of the disk on the
r o t o r shaft is R = 10 cm, this corresponds to a l inear
velocity ν = 180 m/sec on the periphery, and to a rat io
v/c = 6 χ 10"7. The number of disk revolutions was
measured with an ST-MEI s t robo-tachometer .

A good resul t was obtained by using a duraluminum
disk of approximate thickness 1 mm, with a paper ring
glued to i ts dulled edge. A central hole is cut in the
center of the disk, which is slipped over a nut on the end
of the motor shaft. As a precaution, the nut is covered
on all s ides with a layer of solder, using a soldering
iron, to prevent the disk from jumping off the shaft. For
better centering, the edge of the rotating disk was pol-
ished with emery .

The motor was strapped in a hollow in a wooden
block, which was clamped to a heavy table through rub-
ber shock absorbers .

A narrow l a s e r beam, illuminating an a r e a of
1—2 mm 2 , was normally incident on the paper ring on
the edge of the vert ical disk.* The light scat tered by
the paper at a small angle to the plane of the disk (in
this installation φ = 13—12°, corresponding to cos ψ
= 0.97), was gathered with a short-focus lens
(F = 10 cm) into the gap between the plates of the
Fabry-Perot inter ferometer (Fig. 1). A telescope
focused at infinity (see Fig. 1) or a photographic c a m e r a
was placed behind the inter ferometer . Rather weak
interference rings can be seen in the focal plane of the
telescope. The employed l a s e r (LG-56) generates
simultaneously a s e r i e s of nearby frequencies, which
produce in each o r d e r of interference several r ings
that differ in br ightness . However, only the brightest
rings can be seen in the scat tered light, and by regulat-
ing the power level of the l a s e r it i s possible to obtain
one or two visible r ings in each order .

It is des irable, of course, to use a l a s e r operating
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FIG. 1

in the single-frequency regime, something accomplished
by the well-known laser-adjustment methods*.

Photography with an exposure of 20—30 seconds on a
photographic film with sensitivity 130 units (TAIR-3
telephoto lens with focal length 30 cm, "Zenit-3" cam-
era) yields a picture with a single ring. Figures 2 and 3
show the interference pattern with the disk at rest and
with the disk rotating at a normal motor supply voltage
120 V.

To obtain interference patterns produced by the light
reflected from diametrally opposite points of the disk,
we used the following method. Near the disk, alongside
the point illuminated by the laser beam, we placed a
surface-coated mirror. Light scattered in a direction
away from the interferometer it is possible to super-
impose the two light beams bounded by the mount of the
lens Ο and scat tered in opposite direct ions (the two
light c i rc les a re superimposed on a sheet of paper
placed behind the lens). When the disk is at res t , this
makes it possible to increase the light flux incident on
the inter ferometer . On the other hand, when the disk
rotates , light waves scat tered both in the direction of
the rotation of the disk and in the opposite direction will
be received. This should cause the interference rings
to split, in accordance with the two opposite changes of
the wavelengths of the scat tered light, and obviates the
need for obtaining two pictures of the rings—one with
the disk rotating and the other with the disk at res t .
When an inter ferometer with a 30 or 50 cm separation
between the plates is used, this picture and the dynamic
Doppler effect can be observed quite clearly in the tele-
scope. When the speed is varied the sharpness of the
observed picture goes successively through maxima
and minima, depending on whether the components of
the neighboring rings a re superimposed (Fig. 4) or not
(Fig. 5)t .

* Figure 1 shows the top view of the installation. The laser beam
illuminates the area on the upper end of the disk diameter.

*To this end, one of the resonator mirrors is deflected slightly from
strict parallelism, and the interference pattern is simultaneously watched.

tThe interference pattern on the film measures about I mm even
when the TAIR-3 telephoto lens is used, owing to the large (30 cm)
distance between the plates of the interferometer.
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F r o m the condition that a sharp picture be seen at a
certa in velocity v, we get the equation k(X - Δλ)
= (k - 1)(λ + Δλ), whence Δλ/λ = l/k = A/4t, where t is
the distance between the inter ferometer plates, so that
the verification of the Doppler formula reduces to a
comparison of the rat ios (v cos <p)/c and X/4t. The use
of a m i r r o r makes it possible to eliminate also the in-
fluence of the variat ions of the l a s e r frequency on the
accuracy of the experiment.

It is possible to replace the m i r r o r with a g lass
plate located in the path of the direct l a s e r beam and
reflecting par t of the direct beam to the inter ferometer .
This produces on one negative a system of interference
rings with the a l tered and normal wavelengths.

The reduction of the photographic data consists of
measuring the d i a m e t e r s of interference r ings of equal
order . Since the light i s observed after reflection from
the moving disk (at an angle φ to the direction of the
velocity of the reflecting p a r t s of the disk), the regis-
tered wavelength will be a l tered in accordance with the
formula Δλ/λ = (ν cos ψ)/ο = (R? - R?)/2F2, where Ro
and Ri a r e the radii of r ings of identical order , and F
is the focal length of the photographic lens .

The radii of the interference rings can be measured
with a comparator . We used also a projector which
gave a strongly magnified image of the negative with
rings on a sheet of graph paper.

The F a b r y - P e r o t in ter ferometers constructed by us,
with dis tances 15, 30, and 50 cm between plates, were
constructed in the following manner. One of the plates
was fixed, and the other was placed between a metal l ic
ring and a cylinder with slots placed at an angle of 120°
in several rows, in checkerboard fashion (Fig. 6). The
slotted cylinder is deformed somewhat by the p r e s s u r e
of three clamps to which balls from bearings a re sol-

FIG. 6

dered on the ends. By rotating the glass, it i s possible
to make the reflecting surfaces of both planes str ict ly
paral le l (the plates have a seven-layer dielectr ic coat-
ing for λ = 6328 A). Approximate para l le l i sm is ob-
tained by aiming the l a s e r beam on the inter ferometer
and placing behind the inter ferometer a short-focus
lens of focal length 8 cm. Looking direct ly into the in-
ter ferometer , we see a long and usually curved row of
reflections. By turning the regulating screws that con-
trol the p r e s s u r e on the clamps, all the reflected im-
ages a re made to form a str ict ly straight line. The
subsequent observation is then c a r r i e d out with the tele-
scope set to infinity. By placing the telescope perpen-
dicular to the inter ferometer plane, one observes the
interference pattern, which should be made, by cautious
rotation of the adjusting screws, to form a s e r i e s of
narrow str ict ly concentric r ings. This completes the
adjustment.

1. The first method of verifying the result of the ex-
periment consisted of measuring the ring radii with a
MIR-12 comparator, on negatives obtained with the disk
at r e s t (radius Ro) and with the disk rotating (Ri), the
measurements being made on the ring closest to the
central slot (Ri) and on the next ring (Ri'). At a disk
per iphera l velocity ν cos φ = 74 m/sec we obtained
Ri, = 46 x 10"5 m and Ri = 41 x 10"5 m. This yielded
( Δ λ / λ ) θ χ ρ = 2.42 x 10~7 a s against (AX/X) t h e o r = 2.47

x 10~7. The relative e r r o r in the comparison of the
theoret ical calculation with the experimental resu l t s i s
e = 2 % .

For the ring of next o r d e r : R i = 63 x 10" s m, R"
= 59.5 x l O ' m , ( Δ λ / λ ) θ χ ρ = 2.43 x 10"7, e = 1.6%.

At a disk peripheral velocity ν cos φ = 125 m s e c :

ϊ^-57.10-5 m,

=4.15.10-'.

4̂.05-10-7,

ε = 0,5%;

ε = 3%.

2 . T h e s e c o n d m e t h o d c o n s i s t e d o f c o m p a r i n g t h e

v e l o c i t i e s o b t a i n e d d i r e c t l y w i t h t h o s e d e t e r m i n e d b y

m e a s u r i n g t h e i n t e r f e r e n c e p a t t e r n s :
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Measurement of the d i a m e t e r s of the r ings closest
to the center of the picture yield v2/vi = 1.72, e = 1.7%.
Measurement of the d i a m e t e r s of the next r ings gave
v2/v! = 1.68, e = 0.6%.

Measurement by the method of superposition of the
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r ings: the superposition of the r ings is fixed visually in
a velocity interval 153—163 m/sec . When the velocity
is increased further, the picture loses sharpness .

At a velocity 153 m/sec we got (A\/x)e = 5.1 χ 10~7,

and at 163 m/sec we got (Δλ/λ) θ = (ν cos <p)/c = 5.43

χ 1(T7. Hence ( W A ) a v e r a g e = (5.27 ± 0.17) χ 10"7, as

against ( Δ λ / λ ) ί 1 ι 6 0 Γ = X/4t = 5.27 x 10"7 and e = 3.3%.
3. The third method consis ts of comparing the radi i

of the split r ings on one negative. In this case the r ings

correspond to velocity values ±v cos ψ. Therefore
2Δλ/λ = (2v cos ψ)/ο = (Η? - Ri)/2F 2 · Δλ/λ = 3 χ 10"7 at
a velocity ν cos φ = 95 m/sec . Measurement of the first
ring yields R^ = 48 χ 10"5 m, R[ = 35.5 χ 10"5 m, Δλ/λ
= 2.9 χ ΙΟ"7, ε = 3.3%; m e a s u r e m e n t s of the second ring
yield R '̂ = 64 χ 10"5 m, R(' = 56 χ 10"5 m, Δλ/λ = 3.03
x 10"7, e = 1%.

Translated by J . G. Adashko


