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SEARCH AND DISCOVERY

from a continuous-duty, argon-ion
Jaser with two strong lines available,
4880 and 5145 nm. Interaction be-
tween the negative ions and the light
beam occurs within the laser cavity.
The kinetic energy of free electrons
photodetached from the negative ions
is measured with a hemispherical en-
ergy analyzer and an electron multi-
plier.

The experiment has also been run
with hydrogen and deuterium nega-
tive ions, whose electron affinities are
well known, as references, and the he-
lium electron affinity has been found
to be 80.0 = 2 mV. The absolute
total cross section for the photodetach-
ment process was not determined from
these experiments. It was found that
detachment into the 23S state of neu-
tral helium is seven times more likely
than detachment into the 23P state, for
electron ejection essentially parallel to
the polarization of the optical field.

Self-Induced Transparency

Found in Sulfur Hexafluoride

By applying a short, intense pulse
from a Q-switched carbon dioxide
laser to gaseous sulfur hexafluoride,
Kumar Patel and Richard Slusher of

Bell Telephone Laboratories have
made the gas transparent to
10.6-micron radiation (Phys. Rev.

Letters 19, 1019, 1967). They have
thus verified the self-induced trans-
parency first found with a ruby laser
system by Erwin Hahn and Samuel
McCall of Berkeley (pHYSICS TODAY,
August 1967, page 47). To observe
the effect, one must match the excit-
ing frequency to a strongly absorbing
transition in the sample.

Unlike the Berkeley experiments,
which were plagued by the erratic be-
havior of pulsed ruby sources, the den-
sity of absorbers can be easily varied
in the gas to see how transmission var-
les with collision relaxation times of
the absorbing levels, the inhomogene-
ous Doppler line width and the ab-
sorption coefficients.

In Hahn and McCall's theory of the
effect, the light beam coherently ex-
cites the molecules; they interact with
each other and emit light; this process
delays and reshapes the pulse into one
in which the electric field vector varies

as sech (¢/7)(where r is final pulse
width) and under certain conditions
widens the pulse. They make the
simplification that the pulse is short
compared with any relaxation time.

Patel and Slusher verified qualita-
tively the theory at sulfur hexafluoride
pressures from 0.01 to 0.05 torr, and
with intensities as low as 10 watts/
em?. Then by adding a buffer gas
(helium or hydrogen) to the sulfur
hexafluoride they shortened the homo-
geneous relaxation time. They found
that the pulse, besides being delayed
(to an apparent speed in the sample
1/20 the speed of light) and reshaped,
was narrowed by as much as one half.

In preliminary work Patel and
Slusher tried to excite ammonia and
ethylene with their carbon dioxide
laser but did not succeed because ab-
sorption was too low.

The Bell physicists feel that they
now have a promising technique for
studying relaxation times of individual
transitions in gases and gas mixtures.

Somewhere in the universe there
may be short, intense, light bursts that
pass through gases in space and
may produce self-induced transparency
in the dilute interstellar medium.
Then an astronomer on earth would
think the light source (such as the
puzzling hydroxyl emitters, (PHYSICS
ToDAY, November 1967, page 69), is a
lot farther away than it really is.

Venus Probes Report:
Earth is the Oddball

The atmosphere of Venus is almost all
carbon dioxide; below the atmosphere
the climate is very dry and hot, and
the pressure is 15 to 20 times that on
earth. This is the forbidding picture
of Venusian meteorological conditions
that has emerged from the data sent
back by Russia’s Venus IV spacecraft
and by the US Mariner V.
Spectroscopic observations from the
ground had already shown the pres-
ence of carbon dioxide on Venus, but
the concentration was not known. Es-
timates made since the first observa-
tion in 1934 have fluctuated widely
between 1 and 90%. Measurements
of the thermal infrared emission
showed that the temperature is similar
to the earth’s at the top of the Ve-
nusian atmosphere, 235°K, but obser-
vations indicated that it is much hotter

at the surface—perhaps 600°K.

Data from the two spacecraft agree
that the carbon dioxide concentration
is around 90% and that there is no
detectable water and apparently only
slight traces of oxygen. In addition
the Russian Venus probe measured an
atmospheric pressure rising from 5 at-
mospheres at 30 km to about 20 atm
at ground level and a temperature
range of 270°K at 25 km to 553°K at
the surface. This high surface tem-
perature could be an example of the
“greenhouse effect;” the Venus atmos-
phere may be opaque in the infrared
but transparent at other frequencies so
sunlight is absorbed by the ground
and the energy reémitted by black-
body infrared radiation is trapped in
the atmosphere. Alternatively it may
be due to adiabatic heating where the
atmosphere is highly opaque in the
infrared and visual (due to dust) and
the surface of the planet is heated by
the general circulation.

Now that the composition of the at-
mospheres of Mars and Venus is be-
coming known it is, strangely enough,
earth, with only 0.3% carbon dioxide,
that stands out among these inner
planets as the “oddball.” If, as ap-
pears likely, the inner planets were all
formed the same way, they might be
expected to have similar atmospheres.
The explanation could be linked with
the presence of life on earth; if all
the carbon dioxide in our surface
limestone rocks could be released into
the atmosphere, its concentration
would be 20 times higher than that
of nitrogen now. But water trapped
in limestone and other crust materials
would represent 99% of the atmos-
phere if it had not been fixed. Any
model of atmospheric formation has to
account for the presence of all this
water, which ought to have been lost
from the top of the atmosphere during
the first billion years, long before the
development of life on the planet.

Ichtiaque Rasool, of the Goddard
Institute for Space Studies, recently
suggested that earth originally lost
most of its atmosphere; the water, car-
bon dioxide and nitrogen subsequently
released from the crust by volcanic ac-
tivity were reduced by free iron to hy-
drogen, methane and ammonia. Ox-
ygen was retained as iron oxide. Then
the presence of ammonia in the upper
atmosphere shielded water molecules
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It's easy with the Berkeley Nucleon-
ics GL-3 Pulse Generator! The Model
GL-8 measures differential linearity,
integral linearity, resolution, and sta-
bility in pulse height analyzers and
amplifiers. Two modes of operation
are provided: The Sliding Pulse
Mode and the Precision Pulse Mode.

Sliding Pulse Mode: In this mode
(see diagram), an operational ampli-
fier generates a ramp waveform
which is sampled by a solid-state
chopper. The chopper's output is a
linearly increasing and decreasing
sliding pulse train with a differential

sliding pulse
tharm M NCOS
1an 0.25%.

Linear ramp

A test of the differential linearity of a
pulse height analyzer is made by
connecting the sliding pulse train to
the input of the analyzer. If the ana-
lyzer is linear, an equal number of
counts will be stored in each channel
and the display will be a horizontal
straight line. However, if there is non-
linearity in the analyzer, the display
will be a curved line.

Precision Pulse Mode: In this mode,
the solid state chopper is connected
to an adjustable dc reference volt-
age. The output pulses are uniform
in amplitude with a temperature sta-
bility better than 0.0033:C. and an

Pulse Out

To Pulse
Height
Analyzer

Sliding pulse train

amplitude jitter less than 0.002%
rms. Amplitude is adjustable with an
integral linearity of better than 0.1%.

In both the sliding pulse and preci-
sion pulse modes, the pulse frequen-
Cy is adjustable at a random rate
from 1 to 10 ke or a periodic rate
from 1 cps to 1 me.

For complete technical data and
prices please write to Dept. 70.

_@BNC

Berkeley Nucleonics Corp.
1198 Tenth St., Berkeley, Calif. 94710
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in lower regions from the ultraviolet
radiation that dissociates them. If
Mars and Venus have no iron in their
crusts this process would not have
happened, and water would have been
lost as hydrogen atoms and hydroxyl
molecules; however the presence of
iron in both planets is generally as-
sumed because of their densities.

An alternative suggestion by
A. G. W. Cameron (Yeshiva Univer-
sity) is that earth’s magnetic field made
the difference; ionized hydrogen and
hydroxyl radicals in the ionosphere

Weston Design: 400-500 GeV
From a 200-GeV Accelerator

A bold new design for the 200-GeV
accelerator is taking shape at the Na-
tional Accelerator Laboratory. The
strong-focusing synchrotron will be ca-
pable of producing 400-500 GeV pro-
tons later by addition of power
supplies to boost the magnetic field.

The design is not simply a scale-
up of the 33-GeV Brookhaven AGS
and 28-GeV CERN PS. The beam
aperture, magnets and tunnel have all
been made surprisingly small; the re-
sult is a relatively inexpensive machine
with great flexibility and high intensi-
ty. It is the first synchrotron to use
separated-function magnets and the
first to have only an extracted proton
beam,

We recently visited the National
Accelerator Laboratory (NAL) office
in Oak Brook, Ill. and discussed Wes-
ton plans with Robert R. Wilson, di-
rector, and Edwin (Ned) Goldwasser,
deputy director. Unlike typical sur-
roundings for physicists, the office oc-
cupies the 10th floor of a Park
Avenue-style building. Until recently
it resembled an aircraft company, with
no partitions and lots of shouting
across the room. There are now sepa-
rate offices, but there is still plenty of
shirt-sleeved blackboard talk. And in
the middle of it all is a mockup of the
accelerator tunnel (3.1 meters wide
by 2.4 meters high).

Congress recently approved design
money of $7.3 million.

The laboratory submitted a proposal
on 15 Oct., and Wilson hopes that

would have been trapped by interac-
tion with this field. Both the Ameri-
can and Russian probes showed that
Venus has no magnetic field, so the
solar wind would easily have carried
the hydrogen away. —JTS

Radio Telescopes Linked
in Southern Hemisphere

Another long baseline radio interfer-
ometer is in operation, the first one in
the southern hemisphere. The linkup
(similar to those described in pHYsICS
ToDAY, November 1967, page 69) is
between two NASA Deep Space Sta-

tions in Australia, one near Woomera
in South Australia and one near Can-
berra in New South Wales. Its base-
line is more than 9 x 10°% wave-
lengths long at 2295 MHz. Prelimi-
nary observations of radio source 3C
273 show that the interferometer has
an angular resolution better than
0.008 sec of arc.

The method by which these two
telescopes are paired is applicable to
any of NASA’s Deep Space Stations, so
that there is now the possibility of im-
proving resolution still further by the
use of pairs of instruments on different
continents.

SUPPORT FACILITIES for 200-GeV accelerator to be built in Weston, Tll.

construction of the $260-million accel-
erator will be in the president’s budget
for FY 1969. If it is, the accelerator
could be ready on 1 July 1972 (al-
though Goldwasser feels this should
be postponed until the 4th of July).

Accelerator. To allow for an in-
crease in energy at a later date, the ac-
celerator will have a rather large
radius—1 km. The magnets are capa-
ble of reaching 200 GeV at 9 kG.
Later, by increasing the power supply,
adding more cooling and perhaps
some more rf, the magnets should easi-
ly reach 18 kG to make 400-GeV pro-
tons and may be able to reach 22.5 kG
to yield 500 GeV.

Accelerator experts are impressed
with the compactness of the magnets
and the tunnel volume to contain the
magnets. The 70-GeV accelerator just
completed at Serpukhov, for example,
has a tunnel with four times the vol-

ume. Since magnets and tunnel are
the majors costs in building a syn-
chrotron, the Weston design gives a
considerable cost saving.

Protons will be accelerated in three
stages. A 200-MeV linac (very simi-
lar to the one being built to boost AGS
intensity) will inject into a 10-GeV
booster synchrotron with a 0.075-km
radius. The booster will be a rapid-
cycling injector. Every time magnetic
field intensity peaks, the beam is ex-
tracted into the main ring; filling is
timed just right so that at each pulse
1/13 of the ring is filled. Once filling
is finished the magnetic field in the
main ring is raised, and the particles
are accelerated to full energy. Al-
though a slow booster would be
cheaper and allow for higher intensity,
it is not yet well understood (intensity
may be limited by space charge),
There is still a vear to change to a slow
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