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on the oscilloscope screen. The duration of the
sweep was 1.3 x 1077 sec, and the minimum rise
in the amplifier 2.5 x 107° sec. The precision of
measuring the time between impulses was de-
termined basically by the time dispersion of the
photomultiplier belonging to counter C. To reduce
this dispersion, we used a specially selected
multiplier, type FEU-19. The exposed central
part of the photocathode measured 5 x 12 mm, and
the overall voltage was 4500 v.

The experimental error, connected with the time
dispersion of a given FEU-19 tube, did not ex-
ceed 1.6 x 107 sec. In the photomultiplier there
sometimes occurred a secondary spurious impulse
following the basic impulse, but not connected with'
the passage of a particle through C. Such cases
could imitate the decay of a K-meson when the
set-up was triggered by shower particles. In view
of this, it was necessary to reduce to a mininium
the number of tines the apparatus was triggered
by showers.

Inthe first phase of this work, this was ac-
complished by including C, and C; in antico-
incidence with €, + C, + C, or C; + C, + €. The
efficiency of this method was 96%. The presence
of a group of Geiger-Muller counters covering
C, and ¢ further reduced the number of times
the system was triggered by showers. Itis
necessary to note thatsuch a system excludes K-
mesons accompanied by wide showers. Later on,
the anticoincidence counters were replaced by a
system of delayed coincidences, by introducing
into channels C1 and C, additional delay cables

(1.4 x 1078 sec).

From the resolution curve of Fig. 2 it can be
seen that the probability of triggering the system
by the sinultaneous passage of particles through
€. C,, C,(C) did not exceed 0.02.

In order to take account of the secondary photo-
multiplier impulses, and the time displacement
between pulses which resulted fromthe different
flight times of two related particles, we measured
the distribution of time intervals between pulses
in counter C. In phase I of the work, this was
done by including €', and C in anticoincidence,
while in phase II, we disconnected the additional
delay cables. In such control investigations the
number of delays in counter C was negligibly small:
The results of these control experinients were in-
cluded in the interpretation of the results.

The smallest energy of p-meson decay which
could also trigger the set-up was 25 mev. There-
fore, we excluded cases of 7> p+v. The p- e

-

+ 2v decay could trigger the set-up, but inview
of the fact that the resolution of the coincidence
circuit was 4 x 1078 sec, the probability of such
an event was sufficiently small.

From among atotalof 1600 cases, 64 were ob-
served with a decay in an interval 10-8 —4 x 1078

sec. The integral distribution of decay times.is
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Fic. 3. Integral spectrum of K-meson decay time.

drawn in Fig. 3. It yields a mean lifetime of K-
nesons of 0.5 £2.0) x 1079 sec, assuming a
single-exponent decay. This result is in accord

with Refs. 3-5.
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T is well known that in electron accelerators of
synchrotron type, the accelerating electrons fill
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part of the orbit in sort of bunch, whose azimuthal
dimensions are deterniined by the radial-phase
(synchrotron ) oscillations.

At the start of the synchrotron acceleration
cycle, the amplitude of radial-phase oscillation is
appreciable and reaches 180°, As the electron
energy £ increases, the amplitude damps out as
E-1/%. (Generally speaking, this is true only for
sniall oscillations. The larger ones decay somie-
what faster!.) However, after the electrons ac-
quire sufficient energy there occurs intense elec-
tromagnetic radiation? which should, according to
theory, cause noticeable synchrotron oscillations
due to the quantum nature of the rediation®, There-
fore, in the electron accelerators of high energy
(~1000 mev) one should expect a diminution of
the aziniuthal dimensions of the electron bunch
at the beginning of the acceleration cycle, and
an incr ease later.

In this communication we propose an experi-
mental method for investigating these radial-phase
oscillations of electrons in the process of being

accelerated to high energies. The method is
based on the use of optical radiation from the elec-

trons. Inasmuch as the radiation is sharply di -
rected along the tangents to the orbit, it will be
found in the formof short light pulses (thin
radiation beams ) whose length and shape are de-
termined by the electron distribution, according to
the amplitude of radial phase oscillation. Thus the

problem of investigating the synchrotron oscilla-
tions is reduced to one of examining the light
pulses. In the actual work we used a fast-acting
optical shutter based on the Kerr effect in nitro-
benzene( Kerr cell). Let us note that while the re-
laxation time in nitrobenzeneis 10-% — 10712 sec
(see, e.g., Refs. 4 and 5), we do not have totake
it into account for the frequency of operation of
the shutter, which is at best 100 mec.

The Kerr cell used in this work is represented
schematically in the Figure. It consists of two
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crossed Nicols, N, and N,, between which is lo-
cated a condenser K immersed in nitrobenzene. A
steady voltage U is applied to the condenser, and
at the same time, an alternating voltage Urf from
the generator which excites the synchrotron reso-
nator. This makes the shutter operation frequency
coincide with the frequency of appearance of the
light pulses. When light rays from an electron
bunch are transmitted through such a Kerr cell, the
radiation detector p, with a sufficiently long time
constant, will register a light beam / averaged in
time. The magnitude of / depends on the time dis-
placenient 6 between the shutter operation and the
appearance of the light pulse. Designating by
Y (t)and f(¢) the functions which describe the form
of light pulse and the light transmission curve of
the Kerr cell, J(0) can be written as follows:
T
1O = \Fe—By®a M
0

where T is the period of circulation of electrons in

synchrotron orbit.

The function /(6) is found experimentally by
measuring / at different values of 0 between the
limits 0 and 7. A change in 6 at high frequencies
(~60 mc) can be accomplished by inserting delay
lines between the generator of the voltage U ;, and
the condenser K. The function f(¢) is also ex-
perinientally deterniined. Inform it coincides with
the light intensity distribution, after modulation
by the Kerr cell of the uninterrupted light bean.. It
is easy to find, using low-frequency modulation
(the time ¢ must be measured within a period 7" of
the alternating voltage). It is necessary to make
the low-frequency alternating voltage amplitude
equal to the amplitude of Urf, The unknown func-
tion ¥ (¢) is found by solving integral equation (1).

Since the frequency of electron circulation inthe
synchrotron is known, the time in the function
¥ (¢) can be replaced by the azimuthal angle « .
Then 1/ («) willdetermine the distribution of elec-
trons along the orbit. The alternating voltage U ,
should be inipressed on the condenser K in the
form of pulses, short with respect to the accelera-
tion time and synchronized with the accelerating
cycle. A shift of these pulses with respect to
zero magnetic field of the accelerator allows a
measuren:ent of the azimuthal spread of the elec-
tron bunch at different stages of acceleration.

This method was applied to the synchrotron of
the P. N. Lebedev Physical Institute, Academy of
Sciences, USSR, having a maximum energy of 260
mevV, an orbit radius of 81 cm, a circulation fre-
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quency of 58 mc and acceleration time of 10,000
p-sec. Preliminary investigation shows the azi-

muthal spread of the electron bunch at the end of
the cycle is 100 £10°.

A detailed description of the method and re-
sults of this experiment will be published at a

later date.
The author expresscs his sincere gratitude to

Prof. P. A. Cerenkov for valuable discussions.

I N. H. Frank, Phys. Rev. 70, 177 (1946).

2 D. D. Ivanenko and A. A. Sokolov, Classical Theory
of Fields, Moscow, 1949.

3 M. Sands, Phys. Rev. 97, 470 (1955).

4 1, R, Fabelinskii, Izv. Akad. Nauk SSSR, Fiz. Ser.
9, 186 (1945).

5 W. Hanle and O. Maercks, Z. Physik 114, 407 (1939).

Translated by C. R. Lubitz
110

Cn the Derivation of a Formula for the Energy
Spectrum of Liquid He?

L. P. PITAEVSKII
Institute for Physical Problems
Academy of Sciences, USSR
( Submitted to JETP editor June 10, 1956 )
J. Exptl. Theoret. Phys. (U.S.S.R.) 31, 536-537
( September, 1956)

AS is well known, Feynman !, using a wave
function of a special form, has obtained an ex-
pression for the spectrum of the elementary ex-
citations in liquid He#. A hydrodynamical deriva-
tion of this formula is presented below.

We shall begin with the Hamiltonian for a quan-

tum liquid in the forn?
H= %Sm;\/nedr + H[n), (D

wherg n is the number of atoms per unit volume
and H![n] is the velocity-independent part of the
Hamiltonian. We shall assume it to be a function
of n. We setn=m +5n and expand / in terms of
the second order in 8n. The first-order term

drops out and we obtain

H=HMn+ ’_Z_n g vidt + S o(r, ') Sndn'd=dt’, (2)

439

A
where ¢ is the secondfunctional derivative of L1
with respect to n. Transforming now to Fourier

ikr
dn= 2 nge
k

and taking into account the equation of continuity

components

in the form

as well as the fact that ¢ depends only upon |r

N AL — mlﬁ 2
H=H‘[”I+Z<T,;l+é<?klnklzv)- ()
k

This expression has the form of a sum of the Ham-

~r’|, we obtain

iltonians of oscillators having frequencies:
w? (k) = (k2. n/m) V. (5)

For the determination of ¢, we note that the

average value of the potential energy of an oscilla-
tor in the ground state is equal to fr ¢/4,

whence
Yooy | g | 2V =Ygt (k). (6)

As is well known, however, S(%k) = ]er |2/ 7 is
the Fourier component of the correlation function
for the atoms of a liquid, which can be determined
from diffraction experiments. Substituting ¢, from
(6) into (5), we find for the energy of excitation

E (k) = o (k) = h2£2/2mS (k),

which agrees with Feynman’s result.

In conclusion, I would like to express my thanks
to L. D. Landau for his advice.
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