
Resolving the mystery
of the quasars?
These controversial objects, which appear to some to violate the
known laws of physics, may prove to be highly condensed, rotating
centers of extremely distant galaxies.

Philip Morrison

The quasar continues to rank both as
one of the most baffling objects in the
universe and one most capable of in-
spiring heated argument. But it is go-
ing on 10 years since we first became
aware of the unusual properties of qua-
sars and, although no one is foolhardy
enough to claim to have solved the mys-
tery, we have over this time accumu-
lated a fair amount of information about
quasars. My thesis is that the available
data can be fitted by a relatively con-
ventional picture of quasars as the con-
densed central cores of galaxies occuring
at a certain point in their evolution. Al-
though others share this view, a number
of my colleagues and critics in the busi-
ness of quasar theories do not. I ask
their indulgence for this simplified and
undocumented presentation of physical
arguments and encourage them to seek
—if they have not already used up—
equal time.

It is important to realize that, in terms
of its optical image, the famous, enig-
matic quasar is an uninteresting, unin-

; spiring and commonplace object,
l looked at purely observationally. Only
I when you impute to it some theoretical

nature do you then grasp what a re-
markable object it is. This paradox is
one of the fundamental points of the

: whole discussion about quasars. Fig-
• ure 1 shows Palomar Sky Survey en-

largements, in which some quasars
were marked by Margaret Burbidge
years ago. When you look at these
plates, you see that the images identi-
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fied by the reference marks are rather
inconspicuous, showing no detail of any
kind. They are images wholly deter-
mined by the imperfections of instru-
ment, plate and atmosphere. You see
plenty of other images bigger and bet-
ter all around. So why single these
out? Obviously, there must be some
reason not present on the face of the
image.

Even the most fascinating quasar,
3C 273, the closest one and one that
shows some elements of structure, real-
ly has to be argued out quite a lot be-
fore it begins to look like a very impor-
tant object.

We have identified about 200 of
these uninspiring looking objects which
we call quasars. The sample was ob-
tained with procedures random enough
that on the whole we are pretty sure,
unless we are very unlucky, that there
must be in the sky 100 000 to a million
such objects down to about the 20th
magnitude.

Uniqueness of quasars

To see in what way the quasars are
unusual let us classify the kinds of
objects we see in the sky. First, consid-
er whether the image is unresolved or
resolved. Unresolved means an image
whose physical dimension on the plates
is fixed by instrumental, atmospheric
and detector qualities alone. As you
know, this is true for all optical images
less than half a second of subtended
angle; in most instances one second is
the best you can do.

The images that we see in figure 1

are all around one second of arc. All
of them are primarily determined by
the atmospheric seeing. There is no
structure visible. We see the four
arms of the diffraction pattern coming
from the spider in the camera, quite
characteristic in bright objects; we rec-
ognize at once it has nothing to do with
the object. This is true for all optical
images until they get bigger than a
second of arc.

But recall what linear size a second
of arc projects into. A second of arc is
a 200 000th part of a radian; if we look
200 000 light years away the best we
can resolve is one light year. But the
closest external galaxy to ours is two
million light years away.

So by the time we look to large
extragalactic distances, we are not able
to see linear distances smaller than
hundreds or even thousands of light
years. That's the best that optical
telescopes can do.

Using one second of arc as a dividing
line, we can classify objects as unre-
solved or resolved. All objects bigger
than one second of arc have an intrin-
sic structure, a shape; they look like
spirals, like fluffy nebulae, they look
like crabs or pineapples or whatever it
is; we say they are resolved.

Now the second classification cate-
gory we want to consider is whether
the objects are moving slow or fast.
We assume that an object's radial
speed is given by the Doppler shift we
observe in its spectral lines. (The ob-
served frequency is usually given as the
reference frequency divided by the fac-
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A few quasars as seen on the plates of the Palomar 48-inch Schmidt camera; quasar
images are unresolved; no telescope can do better to bring out structure. Figure 1

tor 1 + Z, where Z is the frequency
change due to Doppler shift so that Z
is positive for recession, negative for
approach.)

Now in classifying the objects we see
in the sky, what do we mean by slow
motion and what do we mean by fast?
Let us set up an arbitrary dividing line
of Z = 10~3, which turns out to be a
very reasonable point of division. A Z
of this size corresponds to about 300
kilometers per second in velocity, Z -
v/c «: 1.

Make up a four-fold table: slow or
fast, resolved or unresolved, the two
criteria yield 4 classes. In the slow
and unresolved bin we see some 100 000
stars—those objects that, in fact, we
ordinarily call stars. Most of them we
believe really are stars because we see
so many that we understand pretty
well the nature of the spectrum and
many other phenomena, and therefore
we can really assert these are stars.

The sjow and resolved objects are
mostly seen to be nebulae and star
clusters, within our own galaxy or a
very few others. Maybe there are as

many as 10 000 known.
Now we come to fast objects—

objects with a Doppler shift large com-
pared toZ = 10"3.

If we consider fast and resolved
objects we have some 103 with known
spectra; again this is a sample we
think drawn from a population proba-
bly greater than 108 or 109. These
objects are the galaxies; the Hubble
law and the whole study of extragalac-
tic astronomy depends upon the fact
that we've measured under a couple of
thousand red shifts of resolved objects,
whose forms resemble the spectra of
conglomerates of stars.

Finally in the only remaining box we
have the fast but unresolved objects—
and these are exclusively quasars. An
unresolved object with Z » 10 3 is a
working definition of the quasar, actu-
ally due to Maarten Schmidt, which
almost all quasars satisfy. Our guess
is that the population of these objects
is 100 000 or a million. This is based
only on a sample of 50-100 chosen at
random from the sky for which the
Doppler shift of the spectral lines has

actually been measured and shown to
be large compared to Z = 10~3.

The smallest Z for all quasars we
know is about 0.15. So that there is a
wide margin of separation from other
unresolved objects.

Unlike any of the other three classes
of objects the physical nature of the
quasars is essentially unknown. All we
can say is that a quasar is an unre-
solved object having recognizable emis-
sion or absorption lines, or both, with a
very large red shift, and no observable
structure. (It is true that among the
200 quasars there are a handful that
show some hint of optical structure
such as wisps or jets.)

This is all we can say for sure about
what the quasars are. And this leaves
us with many questions. The whole
issue is what is the real three-dimen-
sional nature of these bodies? Are
they close or far? Are they big or
small? Are they old or new? They
certainly don't look much like stars,
yet they don't look dissimilar to stars
once you forget the absolute value of
the Z. But their Z's should indicate
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they're moving at extraordinary speed;
it is impossible to understand how they
could be in our galaxy. When they
were first reported, that was not well
understood; people thought maybe
they were stars except that they
couldn't make any sense out of the
spectra. They compared the lines they
were seeing with the reference books
and came up with some strange infer-
ences: lines of gadolinium three times
ionized and soon.

Then Maarten Schmidt realized
that, of the six lines in the bright qua-
sar he was studying, four had the ratios
of the Balmer series to an accuracy of
two significant figures or better. At
first he thought these were simply
hydrogenic lines of some heavily ion-
ized element but he couldn't find an
atom that would make it work. Then
he said, "Maybe the whole thing is just
an enormous Doppler shift," and then
everything fell into place.

Among the hundreds of thousands of
stars, none had more than a hundredth
part of this red shift. That is a big
enough gap so that everybody could
agree that here was quite a different
kind of object.

In addition, most of the quasars first
seen were also middling strong radio
sources, although now we no longer
take this as a necessary condition for
quasarhood. But it adds more fuel to
the fire, since almost no stars are
known to be radio sources except at
very low flux levels.

Let us return to the fast objects.
Whereas all quasars have Z greater
than 10"3 or even 10"1, this is not true
of all galaxies. Most known galaxies
have Z's greater than 10"3 but less
than 10"1. Only a very few go far out,
like 3C 295, to Z = 0.46 (figure 2). In
any case the Z range for galaxies is
from Z «= -0.001 out to Z = 1/2. In
comparison the range for quasars over-
laps this range and extends to much
larger values with the slowest quasar
having Z = 0.15 and the fastest one Z
= 2 88

(There is a rumor that the galaxy
speed record has been broken by two
faint objects, one of which has Z = 0.74.)

We say to ourselves if the Z's we ob-
serve for the quasars are true, then
these objects must be very far away in-
deed. The ones with Z > 1 are plainly
much beyond the furthest galaxy. If
you don't want to extrapolate our
knowledge to such distances we can
limit the discussion to the numerous
quasars with Z around 1 (which is not
very far from the Z = 0.46 of the fastest
galaxy observed so far.) Unless
there's some terrible injustice, the fact
that one can recognize a galaxy out
that far means that nothing cosmologi-
cally bizarre has come in. It looks as
though we should be able to interpret
the quasar Z's in the same way; that is

the conventional view and I share it:
it is right to apply the Hubble expan-
sion to determine the distance of the
quasars.

Properties of quasars

Once we make that assumption, we
can go ahead and write down the prop-
erties that these objects have. First of
all, and this is very important, the
quasars are predominantly nonthermal
sources. For example, a typical bright
quasar has a spectrum of bright emis-
sion lines, a total emission-line intensi-
ty corresponding to say 10% of the
total optical intensity of the object.
The 90% left over is continuum. It is
a blue polarized optical continuum,
which is pretty surely recognized as
being a typical synchrotron electron
continuum, strongly polarized with a
power-law intensity shape, I ^ v~n not
at all like any black body you could fit.
You can argue about a few exceptions,
but the bulk of the quasars show
nonthermal optical emission.

Second, quasars may often be vari-
able in intensity, but they are not
transient. We know that some of these
objects have existed for at least a hun-
dred years, from the old Harvard
plates.

The other argument for a nontrans-
ient nature comes from the radio struc-
ture. The typical radio quasar has two
quite extended radio lobes, invisible
optically, and with dimensions of the
order of 105-106 light years. Everyone
tends to believe these double radio
structures originated from the central

disturbed object; if they did, then the
material in those lobes must have
taken some million years to move from
the center to its present position.

On the other hand we observe that
quasars are variable. Many quasars
vary their optical intensity on a time
scale which is characteristically a tenth
of a year.

Now it follows from this variability
that quasars must be very compact. If
they weren't compact, they couldn't
vary in a tenth of a year. No object
can double in brightness in a time
much smaller than the light-transit
time across an appreciable part of the
object. So we conclude that one-tenth
of a light year is a characteristic maxi-
mum dimension for the optical heart of
a bright variable quasar.

The structure of radio sources associ-
ated with quasars is known in some de-
tail. We actually see a little cluster of
radio clouds surrounding some quasars.
But the smallest radio structure known
is still of the order of a tenth of a light
year to a light year in size, with larger
structures all the way from a light year
up to a million light years. Of course
the million-light-year structures don't
vary, and the ten-light-year structures
vary a little bit in a year, and so on.

We come to the striking contradic-
tions when we try to draw conclusions
from all this. When we put in the dis-
tances we have talked about and calcu-
late the intrinsical luminosity; we find
that typically the luminosity turns out
to be a hundred times the total lumi-
nosity of a normal galaxy in the op-

Published speed record—and distance and age record—for a galaxy. Now more than
decade old, this photograph of radio galaxy in distant cluster of galaxies in constellation
Bootes shows form of galaxy with highest known redshift. Figure 2
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Theoretical values of spinar properties with
time, measured in terms of an overall life-
time, T. The various curves show what
happens to the radius Ft, the angular mo-
mentum J, the luminosity L, and the angu-
lar frequency il, all of them relative to their
initial values. Note how steeply the object
grows in luminosity as its end approaches!
Something must limit this emission. Figure 3

tical region. This implies a total
energy output over a plausible life of
106 years of 108MoC2. Even the bri-
ghtest quasars probably do not release
more than this amount of energy,
though they press the limit fairly hard.

So we are led to a picture of the
physical nature of the quasar as a ball
of some sort with dimensions of a tenth
of a light year and a mass of at least
108 solar masses. A sounder estimate
of mass is to take that lower limit, but
divide it by rj, the efficiency for gener-
ating nonthermal emissions. The
value of T) depends on the processes
generating the energy. If you think it's
being generated by nuclear processes as
in stars, then r) is already less than
10"2, because we can only get 1% of
the rest mass out even if we turn all
the hydrogen into iron.

If you try to think of an accelerator
mechanism that could produce the
nonthermal high-energy particle emis-
sions we see, but that would be similar
to our earth-based accelerators, you do
even worse. The fuel efficiencies of
these systems are under 10-4-10~6

even neglecting their magnet mass!
If we put in a number like 10"6 for r\

the mass in that tenth-of-a-light-year
volume goes up to 1014 solar masses!
By comparison the central hub of our
galaxy might contain 109 solar masses
in a dimension of some hundreds of
light years. We are thus talking of
packing 100 000 times that mass into a
tenth of a light year, which means ei-
ther we are dealing with an absolutely

singular object, or that our whole pic-
ture is somehow wrong.

This I think is the mystery of the
quasars. How can you possibly impute
to a little region like the solar system a
huge mass like a galaxy?

This is not an issue of density. This
mass is still far from anything like
neutron-star density. It calculates out
to be more like the density of rain
water than it is of nuclear matter. No
abnormal form of matter is implied.
What is implied is a total aggregation
of mass much greater than we've ever
seen in so small a volume. That's the
basic contradiction.

I myself don't think that contradic-
tion is so strong. If it turned out this
way, I'd be willing to believe it. I
think people overwhelmed by the enor-
mity of this problem are not really
quite right. Physics does not prohibit
aggregates of mass like this. The diffi-
culty has only to do with the plausibil-
ity of such aggregates. However, many
people were impressed by the difficulty
of making long-lasting stable models
for such systems, and by the unique-
ness of such concentrations of mass,
and they said, "Perhaps there must be
some other way out."

Rival theories

The first one is Fred Hoyle's sugges-
tion that there is no conservation of
energy, then we have no idea what the
mass is, or many of the other proper-
ties.

Halton Arp, Geoffrey Burbidge and
their friends argue that the red shift
may not give the distance. Of course
as soon as you say there's no distance
measure in the red shift, all these con-
tradictions fall by the board.

Arp and company have made a great
deal of the association in the sky of
certain few quasars with nearby galax-
ies to persuade us that they are not
really distant. There's no question
that the associations are curious. But
the associations do not persist statisti-
cally for the whole quasar population.
It's very unlikely, a priori, that we
should find that four or five of the
bright quasars are so near bright galax-
ies. The suggestion is that these qua-
sars were flung out of those galaxies in
some way and if this is so then the red
shift has nothing to do with distance.
I don't believe that. I believe the fol-
lowing to be true. Sticking to what we
believe, most quasars have red shifts.
The three or four associated with gal-
axies also have red shifts. But we'd
expect if they were thrown out kinema-
tically, some would be blue shifted and
some would be red-shifted. The bulk
of quasars are cosmogically red-shifted
and very large objects.

I could imagine finding three or four
red-shifted ones and zero or one blue-
shifted one—but I can't image finding

250 red-shifted ones and no blue-shift-
ed quasar.

Even if Arp does prove that quasars
are really associated with the galaxies,
I would argue that he is seeing only
"dwarf quasars, secondary to nearby
galaxies, flung out with high relativis-
tic velocities, so they do show a proper
red shift. They're going away from us
at high velocities—nothing to do with
cosmology, just with special relativity.
And the fact that there are no blue-
shifted ones is simply bad luck.

Actually there -are a few objects that
look suspiciously like blue-shifted qua-
sars—two are called OJ 187, and BL
Lacl which are optical polarized. Con-
tinuum sources of small size and rapid
variability, associated with radio
sources and at high galactic latitude.
That's all we know about them.
They look like quasars but without
the tell-tale emission lines. But even
if they were blue-shifted quasars, this
is what we would expect; the contrast
of the emission lines drops seriously
when you blue-shift a normal quasar,
for its continuum grows stronger
toward the red.

Now, for these particular quasars the
blue shifts would clearly not be
cosmological, if they exist. But the
most likely solution is not to argue that
no quasar red shifts are cosmological.
Rather it is to say that the bulk of the
250 red shifts are still cosmological,
but a few kinematic red and blue shifts
may exist, to explain the unusual
dwarf quasars.

Of course, some people would com-
plain about introducing a second kind
of quasar. But if all quasars are local
they have to introduce a second kind of
radio source! It's interesting that as
radio sources, quasars have a structure
(when it can be resolved) indistin-
guishable from the radio sources
around some big elliptical galaxies. If
I show you a map of a quasar radio
source and a map of a strong radio gal-
axy, nobody can provide criteria to dis-
tinguish between them. We are fairly
certain we know the dimension of the
galactic radio sources. But if you be-
lieve the association picture, then you
are required to believe that the indis-
tinguishable quasar radio sources are
thousands of times smaller in dimen-
sion. Either you have to say there are
two kinds of radio sources that differ,
but look the same, or there are two
kinds of quasars that differ, but look
the same. I would prefer saying there
are two kinds of quasars, because we
know much less about them.

In addition, Arp points to alignments
in the sky, objects quite far apart in
the sky, not close together like the as-
sociated ones, but objects which he
claims fall in straight lines.

In one or two cases we see a bridge
between a galaxy and an object with
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high red shift; and he proposes that
this bridge is a physical connection.
To my eyes, it may be or it may not
be. People differ on whether the
bridge touches the object. A single ex-
ample is extremely hard to argue from
until you have a lot of information
about it. Although I prefer to believe
that probably there is nothing in Arp's
examples, if there is, then we would
have to explain them on the bases of
relativistic explosions in galaxies, not a
simple matter to accept, yet easier
than accepting the whole failure of the
structure that we have. We must wait
for the facts. Probably these mysteries
will fade away with more study.

Orthodox theory

As logical discussion these ideas are
good; there is no question that all these
things may be possible. But it seems
to me they ignore the weakest point of
the entire argument; this is where the
theory that I'm proposing now comes
in. (I should say the theory we pro-
pose because three groups are involved:
the group in Moscow, the MIT group
and the Rome-Frascati group around
Franco Pacini and A. Cavaliere.)

We have an orthodox view of the sit-
uation. Our theory says all these
properties of quasars can be under-
stood without assuming any changes in
the natural laws of physics. We ask,
"Look, who told you that r? had to be
such a small number?" Suppose, just
for fun, IJ —* 1. I give you some magi-
cal way of turning rest mass into high-
energy particles, without that terrible
loss of all those powers of 10. Then,
the mass has to be only 108 solar mass-
es and the density only 10"8 or 10"9

gm/cm3, a very modest gas density.
The whole mass would not be larger
than we see in the nuclei of galaxies,
and the whole thing would begin to
look like an exaggerated version of a
galactic nucleus, and strike us as very
much more orthodox.

The question is, has anybody ever
invented a method for converting rest
mass into high-energy particles with
high efficiency? Indeed, nobody has
ever been able to invent such a thing.
(Annihilation helps, but has other
troubles.) Instead, we found a mecha-
nism in the sky. Of course I am talk-
ing about pulsars, sources like the one
in the Crab Nebula that pulses every
30 milliseconds, with beautiful regular-
ity, changing one part in a thousand
per year. The point for us is that the
pulsar inside the Crab Nebula converts
kinetic energy of rotation with efficien-
cy of 10%: (It could be 100% effi-
ciency—the numbers are not that
good.) But let's say it is plausible that
the efficiency is 10% for converting
rotational energy into the energy of fast
electrons, and probably of fast protons,
which make cosmic rays, x rays, the

optical continuum, the bright wisps
and all the other things going on in the
Crab Nebula. This is impressive, be-
cause for 10 years people have tried
hard (I myself have published at least
two absurd papers on the subject, look-
ing back on them) to find ways of
supplying the non-thermal energy of
the Crab Nebula (104 solar power) and
no one was able to find a plausible
way. Nobody was smart enough to
think of that spinning generator in the
middle of the Crab Nebula, the pulsar
(except perhaps Franco Pacini).

In essence the pulsar is a unipolar
generator. We don't exactly know how
it works. We are not in a position to
say that we know pulsar electrodynam-
ics. All the theories fit dimensional
analysis, but they disagree quite
strongly on the physical nature of
what's going on, or whether there is a
vacuum or a plasma, whether it is es-
sential that pairs are produced, and so
on. But the dimensional analysis con-
trols the power as a function of rotation
frequency and size to a rough ap-

proximation, and although we don't
know the mechanism in detail, we have
a rough view of what's going on.

If we are willing to argue that pul-
sars convert energy with high efficien-
cy, is there any way of using this to
solve the quasar problem? In other
words, can we invent an object with a
high ri that could sit easily inside a tenth
of a light year, with 108 solar masses,
and with high efficiency convert that
energy into relativistic particles?

We claim that we have, that the
quasar, like the pulsar, can be de-
scribed as a unipolar generator, with a
strong magnetic field, coherently pro-
ducing relativistic particles with high
efficiency.

In thermodynamics we know it is
very difficult to convert free energy
with high efficiency. You cannot in
general make high-temperature phe-
nomena with high efficiency out of
even a big low-temperature reservoir,
because of the Second Law. Yet, I can
make a shock tube. I can take air at
room temperature and put a little
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pressure energy into it and puncture
the shock diaphragm, and watch the
shock converge and make a spark at
the end. It's a remarkable demonstra-
tion. But what is the price for that?
The price is that while I can make in
a small amount of matter a tempera-
ture of a million degrees, from a 300 K
source, I am able to do that only be-
cause I throw away 99.9% of the ener-
gy, or even more. I have low-efficiency
conversion. A small amount of energy
can be emitted in a very high-tempera-
ture form.

But if it's the other way around, if
some degrees of freedom have a high
temperature to begin with, it's easy for
them to pass their energy on with high
efficiency to degrees of lower tempera-
ture.

What is the characteristic energy per
degree of freedom? For a very high-
energy cosmic-ray particle a typical
number would be 1016 volts per parti-
cle. That's an enormous energy; it
would correspond to around 1020 K.
But if I had a gas at 1021 K, I can eas-
ily convert 90% of its energy into fast
particles with these energies. That is
exactly what the pulsar does. A pulsar
is an object in which a very large
amount of energy has gone into one de-
gree of freedom—rotation. (If you
object that it's not a perfectly rigid ro-
tator, we could agree that perhaps it's
a handful of degrees of freedom.) The
point is, the energy is practically co-
herent.

The characteristic temperature of a
pulsar, then, is some 1050 ergs in the
one rotational degree of freedom; that's
equivalent to 1064 or 1065 K! Obvious-
ly it's no trouble at all for the pulsar to
make cosmic-ray particles at a mere
1020 K. It can hardly degrade itself
any other way, because it is much too
large a jump to drop to normal temper-
atures; it has to seek intermediate
steps all the way down.

On thermodynamic grounds, to gain
high efficiency for making relativistic
particles, you must store a lot of energy
in a single degree of freedom.

Can we imagine a pulsar-like mecha-
nism operating in quasars, namely a
coherent magnetic field attached to a
rotating object that has all the energy
you like? Try to envision that a qua-
sar has a central spinar, an object with
a mass of 108 solar masses, typically,
and a dimension well under one-tenth
of a light year. It has a modest mag-
netic field of 105 or 106 gauss, nothing
very remarkable. But it has a periph-
eral speed that has to be very high—
0.01 to 0.1 of the velocity of light.

It would then have a period of rota-
tion, not of 30 milliseconds like the
tiny pulsar, but of once per year, or
once every five years.

Such an object can indeed accelerate
particles by the pulsar mechanism to
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fling out relativistic particles. It can
convert its kinetic energy of rotation
into cosmic rays with an efficiency of
the order of one-half. Just as with the
pulsar, the kinetic energy of rotation is
originally supplied by gravitational
energy. Now, as the pulsar loses ener-
gy, it slows down. But that's only be-
cause it is a rigid condensed structure,
which is no longer able to contract.
The spinar is made of ordinary gas
with a density of some 10"8 grams per
cc and a temperature of maybe 105

K—just enough to keep it well ionized.
When this object loses rotational ener-
gy it by no means slows down. It sim-
ply continues to contract and, like the
familiar figure skater who pulls in her
arms, it spins faster and faster as it
contracts; the faster it spins, the high-
er its luminosity becomes, the greater
its production of fast particles and visi-
ble light.

The classical theory tells us that
whenever you take an erg out of the ki-
netic energy, the gravitational energy
can supply up to two ergs, one of which
supplies the loss, while the other goes
to increase the kinetic energy.

We have made crude studies of the
evolution of what happens to a coher-
ent rotating body with a magnetic
field, which starts out very large and
very slow with a very weak field, and
gradually spins up, faster and faster so
that it becomes more and more lumi-
nous. The luminosity increases more
and more rapidly until it becomes in-
finitely bright with time. This singu-
lar end-point is obviously an idealiza-
tion; something else must end the pro-
cess before t-*r (figure 3).

We can point to hints from observa-
tion that quasars are in fact related to
pulsars. Figure 4 shows that quasar
3C 345 produced three successive
mighty pulses, like a pulsar, but one
year apart, or 321 days to be more
exact. (Each pulse has a luminosity of
1012 or more times that of the sun.)
With quasars we would not expect
such patterns to continue indefinitely;
the quasar will behave more like the
sun than a rigid pulsar. If you look at
the sun from a great distance, you'll
see the rotation of 27 days. No sun
spot lasts more than a few' recurrence
patterns, a few times 27 days. Spots
appear and disappear in different posi-
tions. But if you measure spottiness,
you'd see this shifting 27-day pattern,
and I think that's what we see for 3C
345 every 321 days.

These data are striking but obviously
don't prove anything. It would take a
few more pulses before people will be
convinced by 3C 345.

Figure 5 gives an idea of the domain
in which quasar spinars would exist.
Various upper and lower bounds for
the total energy are shown in the radi-
us and circular-frequency plane. The

objects somehow evolve within the re-
gion of the plane shown, spinning fast-
er as they shrink in size.

They begin in the centers of remote
galaxies; anywhere save the center,
tidal forces would disrupt them. In
the center, when circumstances of
magnetic field and spin direction are
favorable, they slowly contract from
conditions not very unlike the central
interstellar regions of a normal galaxy.
Since they live only a few billion years,
they mostly have exploded in the dis-
tant past, and are seen only when we
look back, far back into that past, out
to largeZ.

For Z larger than 3 or so, not even
the primeval galaxies had formed, so
that we find no quasars.

Their end is uncertain. They might
—but I doubt it—shrink to such small
sizes and high spin speed that they be-
come spinning black holes. They
might simply shed their fringing fields
at high luminosities—the plasma is
then very highly stressed—and now, no
longer very magnetic externally, or
very luminous, live a thousand times
longer as sleeping tops, so to say.
They might even fission into two
daughters, which fly to become the big
radio lobes we often do see.

All these matters must be examined;
perhaps a better theory will show one
step or another impossible. But until
that is done, I prefer to think of this
general scheme, a scheme due to a num-
ber of groups world-wide from Boston
to Moscow, as at least a promise of com-
pleteness for our present-day physics,
the physics of Newton, Maxwell, Alfven,
Bohr, Einstein, Hubble, to which no
grand exception has yet been exhibited,
even by the extraordinary quasars.
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