N-Galaxy Fluctuations May
Settle Quasar Arguments

The arguments over the distance of
quasars may be resolved by observed
rapid changes in brightness of some
N-type galaxies. Measurements made
with the 200-inch telescope at Mount
Palomar are reported independently
by John B. Oke and Allan Sandage
(both of Cal Tech) in Astrophysical
Journal 150, L5 and L9 (1967).
Galaxy 3C 371 has been found to vary
by about one magnitude over the last
two years and by about 0.10-0.15
magnitude within a few days.
Changes in its color have also been
seen.

N galaxies resemble quasars in that
they are distant objects with intense
emission lines. They were discovered
as radio sources, but it is believed that
some radio-quiet blue compact galaxies
are of the same type. They differ
from quasars by their color and by the
nebulous envelope that surrounds the
bright nucleus (quasars are indistin-
guishable from stars in photographs).

An important feature of the dozen
or so N galaxies that have been identi-
fied and studied is that they fit well on
the same Hubble diagram that in-
cludes normal diffuse radio galaxies.
This diagram is a plot of brightness
against spectral-line red shift; a
straight-line graph shows that these
galaxies follow Hubble’s Law, which
states that the speed of recession of a
galaxy is proportional to its distance
from us. So we can be sure that N
galaxies are at cosmological distances
of the order 1010 light years; they lie
toward the limit of the observable uni-
verse.

Quasars have also been found to
vary rapidly in their radio and optical
emission, and these variations have
cast doubt on the great distances pre-
dicted by their red shifts. Rapid fluc-
tuations in brightness suggest a com-
paratively small object that can act
collectively rather than an immense,
loosely organized cloud. It is easier
to imagine these small objects as rela-
tively close and dim rather than very
distant, as predicted by the red shift,
and immensely luminous.

We know now that N-type galaxies,
different from but closely related to
quasars, are at great cosmological dis-
tances, and we suspect, from their

rapid fluctuation, that they are very
small (Oke calculates their diameter as
101! km or less). The conclusion is
that quasars are also at great distances.
How they can be so luminous and at
the same time so small is not yet clear.
However, we now have further evi-
dence for the “big-bang” theory; the
quasars that we now see at cosmologi-
cal distances are examples of the make-
up of the universe around 1010 years
ago. The nearby (and therefore re-
cent) universe appears not to contain
quasars; so there is no support for the
steady-state theory. —JTS

Electrons Cause Fission Less
Effectively than Do Photons

In efforts to understand fission better,
at least two groups are measuring cross
sections for electron-induced fission.
Their values are considerably smaller
than corresponding cross sections for
photon-induced fission as is to be ex-
pected.

Yu. N. Raniuk and his colleagues
reported last March in Yadernaya Fiz-
ika (5, 531, 1967) the results of mea-
surements with the linear electron ac-
celerator at the Ukrainian Physical-
Technical Institute. Their electrons
had energies from 35 to 260 MeV. By
interposing increasing thicknesses of
copper between two 100-micrograms/
cm? films of uranium deposited elec-
trically on aluminum backing, they
compared electron and photon cross
sections. They conclude that photons
are more effective than electrons by a
factor equal to the fine-structure con-
stant o = 137, and that this result

shows that uranium fission is caused by
the absorption of dipole (E1 or M1)
photons.

With 250- and 500-MeV electrons
from the Stanford Mark III Linear Ac-
celerator some Berkeley—Stanford as-
sociates (Harry Bowman, R. C. Gatti,
R. C. Jared, G. Kilian, L. G. Moretto
and Stanley Thompson, Berkeley,
Michel Croissiaux, J. H. Heisenberg,
Robert Hofstadter, L. M. Middleman
and Mason Yearian, Stanford) mea-
sured fission cross sections of U288
Bi20? and Tal®l, They find a fission-
energy spectrum for U288 quite like
that of the spontaneous fission of Cf262,
With three independent checks they
eliminated the influence of bremsstrah-
lung impurity in their beam and, like
Raniuk, find an electron cross section
considerably smaller than that for
photons of the same energy. Fission
fragments appear to be emitted iso-
tropically. Typical of their results are
their cross sections for fission of U238;
6 X 10727 cm? with 250-MeV electrons
and 9.4 X 1027 with 500-MeV elec-
trons. A report on the work was given
at the Tokyo Nuclear Structure meet-
ing last fall and another will be pub-
lished in The Physical Review.

The work will be carried on with
refinements in the future to test the
relation of fission to the giant reso-
nance. At this resonance all nuclei
have large cross sections for photonu-
clear reactions, both y,p and y,n. An
advantage of electron-induced fission
over photofission as a test is that, by
varying the angles at which one de-
tects the recoils, the experimenter can
vary the wavelength of the electron

. . . also of Interest: Cyclotron, Tandem and a Twist

Music is the name of a 112-MeV sec-
tored isochronous cyclotron being
built at the University of Maryland.
The $3-million accelerator, which
will be the largest of its type in the
world, is being built by Raytheon.
Experiments should start in Janu-
ary 1969.

Ohio University has an AEC contract
to purchase a high-current 8-MeV
tandem accelerator. The machine,
due to be completed in 18-24
months, will be used for studies of
neutron polarization, stripping reac-
tions and particle-gamma correla-

tions. Research will be directed by
Raymond O. Lane, Roger Finlay,
Charles Brient and Richard Koshel.

Gas molecules give a warm nonmag-
netic rod a strange twist when ex-
perimenters apply a weak magnetic
field that is parallel to a rod sus-
pended in cool gas. Gifford Scott
and Harry Sturner (General Motors
Research Labs) and Robert Wil-
liamson (Oakland University, Ro-
chester, Mich.) find that, depending
on the gas used, the torque can be
clockwise, counterclockwise or non-
existent.
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EARCH AND DISCOVERY

timulus without changing the energy.
sion is expected to have the same
character as the giant resonance, and

so far experiments show that in fact it
does.

Toledo Commences Operation

\0f 102-cm Coudé Telescope

Just going into use at the University of
‘Toledo, Ohio is a 40-in. (102-cm)
Coudé reflecting telescope especially
designed for high-dispersion spectros-
copy. An unusual hollow-pier sup-
port enables it to accommodate the
largest spectrograph one can design
with available and contemplated grat-
ings. Also unusual are its optics: All
of them (primary, secondaries, folding
flats, collimators) are made of a new
material, cer-vit, developed by
Owens-Illinois just in time for the
Toledo telescope.

The photograph and drawing show
the telescope and its mounting. Two
and a half floors at the top of the tower
‘are available in the hollow pier, and

. the entire height of the pier can be
‘made available later. Here will be

- TOLEDO TELESCOPE has all cer-viT optics; so images are limited
|. only by diffraction and atmospheric distortion.
i hold equipment for high-dispersion spectroscopy. / |

mounted the reflection grating for
high-dispersion analysis.  John J.
Turin, chairman of physics and astron-
omy, explains that such research can
be carried out despite the inconve-
niences of a large city; surrounding
lights are not a great concern, and
Turin estimates that 30-50% of the
Toledo nights should be suitable for
observation.

The new material for optical parts
has so small a thermal coefficient of ex-
pansion (less than 10-7 per degree
centigrade at all temperatures) that
the telescope is limited only by dif-
fraction and atmospheric distortion.
If you use fused silica for a 102-cm
mirror, a temperature nonuniformity
of 4° across a diameter or 0.1° front
to back will warp the mirror beyond
acceptable tolerances. With the new
CER-VIT such nonuniformities are com-
pletely insignificant.

CER-VIT is cast as a glass and then
processed to produce a transparent
polycrystalline material. Because it
is transparent, one can easily inspect
it for stresses. Makers of three giant
telescopes have recently selected the
material for their instruments: the
400-cm AURA (Association of Uni-
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versities for Research in Astronomy)
telescope at Cerro Tololo (pHYSICS TO-
pAY, December, page 59), the 380-cm
telescope to be constructed in New
South Wales by the Scientific Research
Council acting for British and Aus-
tralian governments and the 360-cm
southern France telescope for the
French National Center for Scientific
Research,

Jodrell Bank Plans Fully
Steerable 120-Meter Dish

The world’s largest fully steerable
radio-astronomy paraboloid, the 250-
ft (76-meter) Jodrell Bank radio tele-
scope, will soon have a bigger, fully
steerable companion if developing
plans mature. Sir Bernard Lovell, pro-
fessor of astronomy at the University
of Manchester and director of Jodrell
Bank, recently told pHYSICS TODAY
that a final-design contract has been
negotiated with Husband and Co. for
a 120-meter paraboloid. Husband and
Co. are the engineering designers of
all the existing telescopes at Jodrell
Bank.

For some years British astronomers
have been making plans for a tele-
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