possible for the Chinese to refer to “several
hundred thousand design personnel” [Ching-
chi Yen-chiu 1965, No. 11 (1965); trans-
lated in U.S. Joint Pub. Res. Serv. Pub,
No. 33,768 (1966).

23. Ching-chi Yen-chiu 1965, No. 11 (1965).

24, Ibid. 1965, No. 9 (1965); translated in U.S.
Joint Pub. Res. Serv. Pub. No. 32,793 (1965).

25. After graduation of the 1963 class it was
reported (New China News Agency, 14
Aug. 1963) that China had graduated ‘“well
over 1.1 million” persons from colleges and
universities since 1949, “Post-liberation col-
lege graduates include 370,000 engineers,
325,000 teachers, over 110,000 physicians and
pharmacologists, over 100,000 agronomists and
foresters, and more than 70,000 natural
scientists.” To arrive at the 1965 estimate an
attrition rate was applied to the 1963 data,
and adjustments were made, to include per-
sons who graduated prior to 1949 and after
1964.

26. Much of the basic information for these
estimates is contained in the study by Cheng
(1I) and by L. A. Orleans, Professional
Manpower and Education in Communist

China (National Science Foundation, Wash-
ington, D.C., 1961).

27. There are thousands of experienced workers
in China who have worked their way up
through the ranks and attained the title of
engineer with little formal education. Al-
though excluded from consideration here,
some of them may be engaged in R&D.

28. For a more detailed methodology see the
original paper from which this article is
adapted, in An Economic Profile of Main-
land China (Joint Economic Committee,
Washington, D.C., 1967), pp. 549-578.

29. Although, at the official exchange rate, $1
equals 2.355 yuan, such conversions are
rather meaningless and I have avoided them.
However, one might say, just for the record,
that this figure is roughly equivalent to
$110 million.

30. This statement is based on a conversation
between Charles Taylor of the Toronto
Globe and Mail and an official of a Tsinan
factory, as reported in the New York Times,
8 Aug. 1965. It is precisely this system of
incentives that is referred to as ‘“‘economism”
and is being attacked by the leaders of the

Quasars: Rapid Light Fluctuations

Observed light fluctuations may provide evidence
for a recently discussed mechanism for quasars.

Surprising new discoveries about
light fluctuations in a particular quasi-
stellar object (quasar) may be inter-
preted as occultation effects, as Can-
non and Penston (I) were the first to
point out. With this clue, I use here
the published observations to infer as
much as possible about the structure
of the quasar. The resulting model is
remarkably like one I proposed for
quite other reasons. If it is valid, it
shows that a quasar may be regarded
as an early stage in the formation of
a system like the nucleus of a galaxy;
at any instant, the optical radiation
would come from one or a few tem-
porary stars situated among a very
large number of protostars, the oc-
cultations being caused by some of
these. In the first place, the possible
significance of the work is to show that
features of these observations may soon
lead to much detailed information about
the constitution of quasars. Moreover,

The author is research professor of theoreti-
cal astronomy in the University of Sussex, Eng-
land, and, at present, foreign visiting professor
of the American Astronomical Society in the
Berkeley astronomy department.
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insofar as the present interpretation is
correct, it strongly indicates that the
quasar manifestation must be sought
in an early stage in the evolution of
the type of system considered here and
not at a very late stage as suggested
from time to time.

Observational Data

Observations by Sandage (2) and by
Kinman, Lamla, and Wirtanen (3)
show that the optical brightness of the
quasar 3C 446 was apparently steady
during most of 1964 and 1965, that it
began to increase in late 1965, and
that by mid-1966 it was about 20
times brighter than in previous years.
Since then, observations, including
those of Wesselink and Hunter (4)
and of Cannon and Penston (1), show
rapid fluctuations of brightness. The
agreement between the various sets of
observations is good, but the picture
obtained by combining them is more
complex than that obtained from any
one set.

Great Cultural Revolution. Presumably all
incentives have been abolished at least for
the present.

31, There are a number of series of estimates
of Communist China’s gross national product.
This estimate is based on data shown in
Y. L. Wu et al., Economic Potential of
Communist China (Stanford Research Insti-
tute, Menlo Park, Calif. 1964), vol. 3.

32. China’s military budget is a puzzle in and
of itself and is certainly outside the bounds
of this inquiry. What proportion of the
expenditures are in the area of R&D
is a question difficult to approach from
either the military or the R&D side.
The cost of China’s nuclear program, for
example, is variously estimated at between
1 and 2 billion yuan—a reasonably broad
range, considering the nature of the avail-
able information. The R &D share of
this program should not constitute more
than a fraction of the total.

33. Figure 1 is adapted from a chart pre-
pared by Mr. Wang-chi, Science and Tech-
nology Division, Library of Congress.

The significant features of the rapid
fluctuations appear to be the follow-
ing; the first six were obtained by com-
bining all the available luminosity mea-
surements into a single “light curve.” (i)
The maximum brightness in every
oscillation appears to be the same
(about m,, = 16) within the uncer-
tainties of the measurements. Without
more closely spaced observations, this
is perhaps a safer statement than that
of Cannon and Penston about the “flat
top,” although its significance may be
similar. (ii) The minima attained
seem to have significantly different
values. In fact, the oscillations may be
described as dips below 16m with
depths ranging from about 10 to 70
percent in brightness. (iii) In general,
in any fluctuation, both the main fall
and main rise in brightness are abrupt
(lasting less than a day), and there
is no evidence of asymmetry. (iv) Dur-
ing the almost 200 days of the obser-
vations, there were some ten clearly
discernible dips. (v) A rough estimate
of the fraction of the total time spent
at or near maximum brightness is 50
percent. Again, a better estimate seems
impossible without more closely spaced
observations. (vi) Features (iv) and
(v) imply that the average duration of
a dip is about 10 days. (vii) The radia-
tion in the optical continuum shows a
high degree of polarization which does
not seem to vary much throughout the
observations, although the position
angle of this polarization appears to
fluctuate somewhat. (viii) Comparison
with other quasars, and possibly with
3C 446 itself when it was first ob-
served, shows that 3C 446 has been
seen under circumstances exceptional-
ly liable to manifest such fluctuations.
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Interpretation

Feature (iii) excludes any known
cause of fluctuation in the production of
radiation. Therefore, we consider a geo-
metrical effect, the possibilities being
the switching-on of radiation at the ob-
server by a “searchlight” effect or the
switching-off by a “shutter” effect, that
is, occulation. Features (i) and (ii) def-
initely point to the latter. Indeed, Can-
non and Penston first suggested to me
the possibility of an occultation effect
several months ago; in their paper (1),
they discuss one form it might take.
There are two main possible forms,
and we consider these in turn.

Case 1. Suppose that in a quasar
most of the optical emission at any in-
stant comes from a few discrete sources.
Suppose these sources to be situated
among a large number of opaque bodies
in random motion, the bodies being
large in size compared with the sources.
Viewed from outside the system, one
or the other of the sources will, from
time to time, be occulted by one of the
moving opaque bodies. Then that source
will be totally eclipsed for a time in-
terval that is large compared with that
of the partial phases. The reduction of
apparent luminosity will be an appreci-
able percentage of the total luminosity
from the postulated small number of
active sources. Such fluctuations in
luminosity will be distributed irregularly
in time and will vary in depth accord-
ing to the particular source that hap-
pens to be temporarily cut off. Also,
there could be occasional multiple ef-
fects. All these inferences are in qualita-
tive agreement with the observed fea-
tures. We seek to make the agreement
quantitative.

If the optical luminosity is produced
mainly by n comparable sources, the
eclipse of any one source would reduce
the total luminosity by about 100/#n per-
cent. Hence, feature (ii) indicates that
n is between about 2 and about 10; as
a compromise, we adopt

n=>=5 1)
Incidentally, the amount of the reduc-
tion and the number of different
amounts (signifying the occultation of
different component sources) appear to
be compatible.

According to any known interpreta-
tion of the red shift z = AM/A, a proc-
ess that we observe as having duration
t would have duration #/(1 + z) at the
source. In the case of 3C 446 with
z = 1.4, feature (vi) implies a mean
proper duration of an occultation of
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about 4 days, or 5 for a central occulta-
tion. Using observed speeds in other
quasars, Cannon and Penston adopt
for the typical relative transverse speed
of source and occulting body

V = 3000 km/sec 2)

If we assume the body to be spherical
of radius r, the distance traveled in 5
days at speed V is 2r; this gives

r=6.5 x 10" cm 3)

or approximately 4.3 astronomical units.

Let N be the total number of opaque
bodies in the system, so that, disregard-
ing overlapping, their total projected
area is #Nr2. Let R be the effective
radius of the whole system, so that its
projected area is #R2. If we suppose the
n discrete sources and the N opaque
bodies to be distributed at random
through the system, then the chance of
one of the sources being occulted at
any instant is roughly n(zNr2)/zR2.
This disregards the overlapping of the
opaque bodies and the fact that some
would be behind the sources, both of
which would decrease the chance; on
the other hand, it ignores the fact that
we look through a greater depth near
the center of the system, and it neglects
any concentration toward the center,
circumstances tending to improve the
chance. So we can work with the rough
estimate and set it equal to the 50 per-
cent estimate in (v), obtaining

nN(r/Ry = 14 “4)

Later on, we give reasons for taking
the mass of an opaque body to be ap-
proximately the solar mass Mo. So,
apart from the effect of other contri-
butions to the total mass, a mean speed
V* for random motions in the system
according to the virial theorem is given
approximately by

V* = GNMo/R 5)
where G represents the gravitation con-
stant. Finally, we may estimate roughly

vV =2ps 6)

on the ground that occultations are
most likely to occur between objects
moving transversely in opposite direc-
tions so that the significant relative
speed is about double the mean speed.
With Eqgs. 1-3 and 6, we can now solve
Eqgs. 4 and 5 for R and N, and we find

R=172x10%cm )
(approximately 2.3 parsec), and

N=12x10° (®)

Apart from the value of the mass of
a typical opaque object, we have ap-
pealed only to observed properties of
quasars. If our approach is correct, we
have inferred that in 3C 446 the radia-
tion comes from about five discrete
sources and that these are situated
among some 10% opaque bodies each
of radius a few astronomical units, the
whole system being some 5 parsec in
diameter. ;

We have to note that an estimate of
the mean free path ! between collisions
of opaque bodies under the conditions
envisaged is given by

4n°l = 4/3(xR*/N) (&)

With the values in Egs. 3, 7, and 8, this
gives, approximately,

1=24x 10"cm (10)

and the time #* taken to travel this
distance at speed V* = 1500 km per
second is about

r* = 5.1 X 10° years - (11)

We later discuss the significance of the
values in Eqgs. 10 and 11.

Case 2. Suppose that in a quasar
most of the optical emission at any in-
stant comes from a single source. Sup-
pose that this source is situated among
a large number of opaque bodies in
random motion, and suppose that the
source and the bodies are all of com-
parable size. Viewed from outside the
system, the source will from time
to time be partially occulted by one
of the moving opaque bodies. The
resulting fluctuations in luminosity will
be distributed irregularly in time. They
will be of various depths depending
upon the fraction of the source that be-
comes obscured; total eclipse will be
improbable. So far as they go, these
inferences are again in qualitative agree-
ment with the observations, and again
we seek to make the agreement quan-
titative. We shall later compare the
cases.

In. accordance with Cannon and
Penston (), we shall again use Eq. 2
and illustrate the case by taking the
source and the opaque bodies to have
the same radius r for which we adopt
the value from their paper; this radius
is

r="175x% 10¥cm (12)

Let N and R have the same meaning
as in case 1. A partial occultation will
occur if the center of the source in
projection is within distance 2r of the
center of one of the opaque bodies and
behind it. Hence, the chance of some
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portion of the source being occulted
at any instant is roughly #N(2r)2/xR2.
The reasons for using this rough esti-
mate are the same as before; now in
place of Eq. 4 we have

NQr/R} =1 (13)

Also we have Eqgs. 5 and 6; so we
now use Egs. 2, 6, and 12 to solve
Eqgs. 5 and 13, and we now find

R=76X 10*cm (14)
(approximately 2.5 parsec), and
N=13x 10° (15)

The difference between Eqgs. 7 and 8
and Eqgs. 14 and 15 is not significant.
The reason for the similar results is
that the chance of a partial occulta-
tion of the one somewhat extended
source in case 2 is about the same as
the chance of a complete occultation of
one of the small number of discrete
sources in case 1.

In view of the fact that these results
are so similar, then also the results
corresponding to Egs. 10 and 11 must
be about the same in case 2. If the
approach in case 2, rather than in case
1, is correct, we should have inferred
that in 3C 446 the radiation comes es-
sentially from one particular source that
is situated among some 109 opaque
bodies, both the source and each of
the opaque bodies being a few astro-
nomical units in radius, the system as
a whole being some 5 parsec across.

While Cannon and Penston discuss a

similar mechanism, they relate it in a
general way to a somewhat different
model proposed by the authors whom
they quote (5, 6); we cannot here enter
upon a detailed comparison.

Theory

I recently proposed a mechanism
that might produce the quasar phe-
nomenon in just such a system as that
which emerges in both cases 1 and 2.
The proposal may be regarded as the
outline of a theory of the formation of
the nucleus of a galaxy. In the numeri-
cal illustration (7), I contemplated a
concentration of interstellar material of
mass equal to some 108 Mo situated
near the center of a galaxy, and I sup-
posed its destiny to be the formation
of some 108 stars in a region having
the dimensions of a galactic nucleus. I
contemplated two possibilities for the
first-stage fragmentation of this material.
If nearly all the initial fragments are of
appropriate masses for forming normal
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stars, then presumably such stars will
develop in the ways usually studied. On
the other hand, if the initial fragments
mostly exceed the critical mass (about
50 Mo) for forming a normal star, I
conjectured they would evolve rapidly
to a state in which they would liberate
nuclear energy explosively. In the ex-
ample, I inferred that there could be
some 108 explosions of such temporary
stars within a characteristic time of
about 105 years. The suggestion is that
the whole occurrence is of the character
of the recognized violent events in
galaxies and that, during the interval
while the explosions are proceeding, the
system constitutes a quasi-stellar object.
At any instant in this stage, the optical
emission would be contributed pre-
dominantly by just one or a small num-
ber of the exploding temporary stars.
The random sequence of explosions
would produce a resultant brightness
varying in times of the order of a
month or longer. It would not, of
course, produce the much more rapid
light fluctuations discussed in this ar-
ticle.

If temporary stars are formed in this
way from the first-generation fragments,
then the ultimate normal stars which
are to be the end product must be
formed out of second-generation (or
later) fragments. Any such fragment
will collapse under free fall, as modi-
fied by whatever rotation it may possess,
until it becomes sufficiently opaque to
form a protostar. Hoyle (8) estimated
that this stage occurs at radius about
5 X 1013 ¢cm. Mestel (9) estimated that
it occurs when the density reaches about
10—8 g cm—3; for solar mass, this im-
plies radius about 3.6 X 101 cm.

If the model in case 1 or 2 is identi-
fied with a model of the sort proposed
here, the radiation source or sources
are the temporary stars that happen
to be active; the opaque bodies are the
protostars, and the system is at a stage
when a large proportion of these have
been formed. The account obtained in
this way seems to be self-consistent. In
particular, the fact that » given by Egs.
3 and 12 is about the estimated radius
of a protostar seems particularly signifi-
cant. Also, it is remarkable that the
value of N in Egs. 8 and 15, which at
first sight is startlingly large, is of about
the expected number of protostars that
inevitably existed during the formation
of the nucleus of a large galaxy.

For the purpose of the preceding
section, the average mass of a protostar
is taken to be about a solar mass. The
result (Eq. 11) implies that any one of

the protostars would collide with an-
other once in a time of the order 10*
years, and we might expect that it would
not survive more than a few such col-
lisions. As it stands, this is not uaduly
restrictive, for it is of the essence of the
theory that it is a transient state of the
system with which we are confronted.
However, the protostars would, of
course, be in orbits in the gravitational
field of the system and, if such orbits
were predominantly in one direction,
the probability of collision would be
reduced.

Discussion

If the optical radiation of a quasar
comes from the explosion of tempo-
rary stars, each such star would form
a compact source. But we do not know
at present whether this should be inter-
preted as being of approximately star-
like size or somewhat larger; that is to
say, we do not know whether case 1 or
case 2 provides the more significant pic-
ture. The evidence of the observations
is rather ambiguous. Some features of
the light fluctuations seem to favor
case 1; on the other hand, as some of
the observers have emphasized, the
existence and variation of optical polar-
ization seem to support case 2. Fortu-
nately for the theory, so far as it goes
at present, its acceptability does not
seem to depend crucially on the ability
to discriminate between the cases.

If this account of the rapid fluctua-
tion of a quasar is valid, the essential
feature is the presence of a large num-
ber of relatively extended opaque
bodies. This strongly suggests that we
are dealing with a system that is young.
It is difficult to see how such objects
could occur in the late stages of evo-
lution of a large stellar cluster or of a
galactic nucleus, which have been con-
sidered on other grounds.
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