
Nb3Sn they can produce 800 GHz.
Since the energy gaps in the quasi-
particle spectrum of superconductors
correspond to a frequency span of
1-1000 GHz, the new technique
seems to have great potential.

If one wants to improve the effi-
ciency of detection, Dayem says, one
can simply increase the area of the
tunnel diode and decrease the separa-
tion of the two diodes.

All you need to make superconduc-
tors act as phonon generators is to ex-
cite quasi-particles somehow, Dayem
remarks. He is now preparing to do
this optically, using a laser as the ener-
gy source. —GBL

1.5-GeV Electrons, Positrons
To Circulate Soon at Adone
Beam testing in the 1.5-GeV Adone
storage ring for positrons and elec-
trons is expected to begin this year at
Frascati Laboratories, run by the
Italian Institute of Nuclear Physics
(INFN). The ring, expected to
store 2 X 1011 particles per beam, will
be able to deliver a beam to any of
four crossing regions that are free for
setting up experiments. The ring has
a mean radius of 16.7 meters, but the
radii of the curved orbit sections
(which alternate with straight sections
around the circumference) is only 5
meters. Useful aperture will be 22 by
10 cm.

The ring will act as its own syn-
chrotron. It is fitted with 12 bending
magnets and 48 quadrupole magnets
to produce strong focusing and two rf
accelerating sections to compensate
for energy radiated. The same rf ac-
celerating sections will increase the
energy of particles injected at 350-
400 MeV to 1.5 GeV in about 1 sec.

The injector, an S-band linac built
by Varian Associates, has been operat-
ing since last fall. It delivers electrons
at 390 MeV (100 mA peak current),
all of them within a 2% energy band,
and about 60 mA within a 1% energy
band. The average electron current is
80 microamp, equivalent to 5 X 1014

electrons per second. Power of the re-
sulting beam is 31 kW.

Positrons are delivered at 360 MeV
(1 mA peak current). About 0.6 mA
are contained within a 2% energy
band. Both positron and electron

PHOTO8 VASARI ROME

1.5-GEV ELECTRON-POSITRON STORAGE RING at Frascati is nearly
finished. Upper photo shows ring building last July. Lower photo shows
ring building (left), power station and laboratories.

pulses last 3.2 microsec and occur at a
frequency of 250 per second. Average
positron current is about 0.8 micro-
amp, equivalent to about 5 X 1012

positrons per second. The linac can
supply beams directly to an experi-
mental hall as well as feed the storage
ring.

The storage ring will be fed by 2 or
3 pulses per second, and filling is ex-
pected to take less than half an hour.

The following were among the pro-
posals discussed at a meeting on ex-
periments with Adone, held at Frascati
in February 1966:

<£-meson production (line shape and
branching ratios),

single-neutral-boson production,
production of p pairs,

production of ?r and K pairs,
wide-angle 2-y annihilations and

TT° y production,
proton form factors from proton-

antiproton production,
magnetic devices for analysis of

many-body annihilations.
The Adone electron-positron ring

was promoted by INFN and was
funded mainly by the Italian National
Committee for Nuclear Energy; the
Italian National Research Council paid
for the linac. Total foreseen cost (ex-
cluding experimentation) is about $9
million, of which $2.5 million are for
the linac. The Frascati laboratory is
located at the town of the same name
30 km southeast of Rome.

When the electron and positron
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Lunar landing

and exploration

Bellcomm needs space scien-
tists with a wide understanding
of the many disciplines they must
work with—geology, geophysics,
selenology, exobiology, meteo-
rology, mathematics, nuclear
physics, computing and program-
ming, and chemical, mechanical,
electrical and propulsion engi-
neering . . . creative, imaginative
people who understand the inter-
face of problems that are not ex-
clusively theirs.

The broad objectives of lunar
missions are to conduct observa-
tions of the moon, provide for
scientific experiments and tests
on the lunar surface, conduct ex-
periments on the space environ-
ment, evaluate and extend man's
capabilities to operate in space
as astronaut and scientist, and
qualify systems and crews for
long-duration space missions.

Bellcomm studies these prob-
lems and more as the systems
engineering contractorfor NASA.

If you would like to explore
the moon with us, send your
resume in confidence to Mr. N.W.
Smusyn, Personnel Director,
Bellcomm, Inc., Room 1505-J,
1100 17th St., N.W., Washington,
D.C. 20036.

Bellcomm is an equal opportu-
nity employer.

Bellcomm, Inc.
A Bell System Company

SEARCH AND DISCOVERY

beams start circulating in Adone, it will
be the most energetic electron-positron
storage ring in operation. A 700-MeV
electron-positron ring started running
last year (PHYSICS TODAY, November,
page 72) in Novosibirsk, as did a 500-
MeV ring (called ACO) at Orsay.
Three-GeV electron-positron rings
have been proposed by CEA, SLAC
and DESY.

Josephson Junction Yields
Fundamental Constants

The first low-temperature physics ex-
periment to determine a fundamental
constant has yielded new values for
e/h (ratio of electron charge to
Planck's constant) and oc (fine-struc-
ture constant). Until now the most
reliable determination of a. has util-
ized measurements by Willis Lamb,
Sol Triebwasser and Edward Dayhoff
on the fine-structure splitting in deu-
terium; the value is 1/137.0388 ±
0.0006. The new experiments (re-
ported in the 20 Feb. issue of Phys.
Rev. Letters), which use the ac Jo-
sephson effect to measure e/h directly,
when combined with the measured
values of other fundamental constants,
yield for a the value 1/137.0359 ±
0.0004. This new value may remove
the discrepancy between theoretical
and experimental values for the hy-
perfine splitting in hydrogen.

In the experiment microwave radia-
tion strikes a Josephson junction and
produces a dc supercurrent whenever
applied voltages satisfy the relation
2eV — nhv (where n takes on integral
values). These dc supercurrents
show up as regions of zero slope in the
current-voltage characteristic. To de-
termine 2e/h the solid-staters, William
Parker and Donald Langenberg of the
University of Pennsylvania and Barry
Taylor of RCA Laboratories, simply
measure the frequency of applied mi-
crowave radiation and the absolute
voltage at which the current steps
occur.

The method uses two types of Jo-
sephson junctions, in which two super-
conductors are weakly coupled; one is
a sandwich (PHYSICS TODAY, Septem-
ber 1965, page 97) of two supercon-
ducting films separated by a thin insu-

lating oxide layer; the other junction is
a point contact (PHYSICS TODAY, No-
vember 1966, page 67) in which a su-
perconducting wire with a fine point is
pressed onto a flat superconducting
plate. All measurements have been
done between 1.2 and 1.6°K.

An X-band (8-12.4 GHz) oscillator
generated microwaves. Frequency
was measured with an electronic coun-
ter and microwave frequency convert-
er to 1 part in 108; since the overall
measurement had an rms error of 6
parts per million, frequency errors
were negligible.

The difficult quantity to measure is
the voltage; typically a millivolt has to
be measured to an accuracy of a few
parts in a million. To measure volt-
age the experimenters used a nanovolt
potentiometer and six NBS-calibrated
standard cells in a constant tempera-
ture bath. The potentiometer, a Julie
Research Laboratories PVP 1001, is
self-calibrating since the operator can
measure all factors that contribute to
the voltage accuracy and then make
any necessary corrections; the instru-
ment was calibrated with an uncer-
tainty of between 3 and 4 ppm.

The experimenters find that h/e =
4.135 725 ± 0.000 026 X 10"15 joule-
sec/coulomb.

Compare with theory. When Jesse
DuMond and E. Richard Cohen made
their last least-squares adjustments of
the fundamental constants, in 1963
(PHYSICS TODAY, October 1965, page
26), they calculated a from the mea-
surements of fine structure in deute-
rium rather than from hyperfine split-
ting in hydrogen, even though Nor-
man Ramsey, Stuart Crampton and
Daniel Kleppner, using a hydrogen
maser, measured the splitting to 2
parts in 1011. The problem with hfs
splitting is that the theory is uncertain.
Although theorists know how to cor-
rect for the proton form factors, they
do not yet know how large the proton
polarizability is. Before the h/e de-
termination of a, there was considera-
ble discrepancy (amounting to about
20-40 ppm) between the predicted
hfs splitting, using a determined from
deuterium fine structure, and that ac-
tually found by Ramsey.

The new value of a, however, is
compatible with hfs measurements,
provided one uses a model of the pro-
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