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Hence we find that under certain con- 
ditions the center of gravity of the 
spacecraft "attracts" all the particles in 
the cabin, in the sense that the parti- 
cles have a tendency to be brought to- 
gether here. (In the case of - 35? < 
a < + 35?, there is instead an appar- 
ent repulsion by the center of gravity 
of the cabin.) 

Because the spacecraft is assumed to 
(have a negligible mass, one may ask 
why its center of gravity has such a re- 
markable property. The answer is that 
this point merely defines the state of 
motion of the whole assembly. Suppose 
that the mass of the spacecraft is much 
smaller than the mass of the particles 
and that their original common center 
of gravity were situated at an r larger 
than the center of gravity of the space- 
craft. Then the particles would move 
more slowly than the spacecraft and 
would hit its backside wall, with the 
result that the spacecraft would be dis- 
placed outward so that its center of 
gravity would (almost) coincide with 
the center of gravity of the particles. 
(An exact statement is possible only if 
the original state of motion of the par- 
ticles is known.) 
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model in order to clarify some aspects 
of celestial mechanics that have not 
-attracted much attention so far. It is 
important to consider the extent to 
which similar phenomena may occur 
in astrophysics. The role of the space- 
craft walls in our model is to compel 
all particles to orbit with the same 
period. However, this effect could also 
be achieved by other means, for ex- 
ample, by viscous effects, mutual colli- 
sions, and electromagnetic effects. There 
is a certain analogy between the lining 
up in the cabin of ,the particles, which 
originally are in random positions and 
have random velocities and the forma- 
tion of jet streams of meteoroids or 
asteroids (2). The perturbation-produced 
focusing of these particles may be re- 
lated to the formation of comets [see 
(3)]. 

It is also possible that my model 
may be applicable to some galactic 
phenomena. The general concentration 
of matter in the galactic plane is, of 
course, somewhat related to the phe- 
nomena I have studied, but it is possi- 
ble that my model is also applicable to 
phenomena on a smaller scale. For ex- 
ample, the apparent attraction may 
keep a nebula together or make it con- 
tract even if the self-gravitation is in- 
sufficient for this contraction. 
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these sources are known to vary ap- 
preciably in microwave output over 
times of the order of 1 year, interpre- 
tation of the source structure will re- 
quire full attention to retardation ef- 
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tation of the source structure will re- 
quire full attention to retardation ef- 

fects. It was pointed out a long time 
ago (1, 2) how these effects can give 
rise to kinematic illusions, that is, 
images (at arbitrary distance) whose ap- 
parent rate of change can far exceed 
c, the speed of light, even though no 
actual particle or signal velocity does 
so. 

Recent measurements (3) suggest 
that such effects might be occurring in 
the quasar 3C 279; at a radio wave- 
length of 3.8 cm a fine structure is de- 
tected below 1 X 10-3 arc sec which 
shows definite changes over a 4-month 
interval. Because of the incomplete 
sampling, the interferometric pattern 
cannot yet be uniquely transformed 
into a spatial picture, but the simplest 
picture in accord with the measure- 
ments consists of two well-separated 
moving spots. The fluxes of the two 
spots are equal to better than 5 per- 
cent, and the spots move apart at a rate 
which-if the source is at the cosmo- 
logical red-shift distance-is several 
times the speed of light. 

The equal flux of the two moving 
spots in 3C 279 suggests that they are 
associated with a single physical source. 
Motivated by these findings, we pre- 
sent two versions of a kinematic model 
for rapidly moving double images asso- 
ciated with a single source (4). Obser- 
vations of such patterns would not be 
surprising in any object that is variable 
over the time required for light to 
traverse the diameter, regardless of 
whether or not 3C 279 turns out to be 
a clear-cut example. 

Model 1. Suppose an explosive event 
within the quasar sends out a sudden 
burst of energy in all directions, in the 
form of relativisti'c particles or of elec- 
tromagnetic or other waves. Suppose 
further that a sharp increase in the 
radiation emitted at the observation fre- 
quency takes place when the primary 
pulse reaches a sphere of radius R, and 
that the increased emission is confined 
to a narrow shell (Fig. 1). 

Under these conditions all parts of 
the shell brighten simultaneously; how- 
ever, a distant observer receives the 
signal from each part at a different 
time, depending on its distance. Let t 
= 0 denote the instant when the bright- 
ening of the forward point A is first 
detected; then point B is seen to flare 
up at time 

t = R(l -cos o)/c (1) 
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Rapidly Changing Radio Images 

Abstract. Differences in total transit time can give rise to images that expand 
at arbitrarily high speed. Two versions of a model based on this idea can account 
for the varying microwave structure reported for the quasar 3C 279. Other pos- 
sible examples are suggested. 
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Equation 6 has two solutions, one for 
the forward-moving spot, qf > qp 

* and 
one for the 'backward-moving spot, Ob 
< b *; the apparent velocities of the 
two images are given by 

--b R sin 0f,b 
Vf,b - R 

--R 
1 - - COS 0f,b C 

and the apparent separation 

D = R(cos 0f - cos 4b) 

can be written in the form 

D =Rc (- - 
Vb Vf 

(7) 

(8) 

Fig. 1. Diagram showing how differences in transit time can lead to rapid image ex- 
pansion. For model 1 a primary burst emitted at the center causes all parts of the 
screen to brighten simultaneously. The image observed at time t consists of the two 
spots whose edges are at B, B'. The apparent diameter is given by Eq. 2. 

[See (1) for details.] The apparent ex- 
pansion velocity of the disk, 

dD 
dt 

is infinite at t and remains much 
is infinite at t = 0 and remains much 
greater than c for times that are short 
relative to R/c. If the persistence time 
T is finite, then for t > r, the image 
becomes a ring whose outer diameter 
is given by Eq. 2 and whose inner di- 
ameter is D(t - r). 

If the initiating burst, instead of 
being emitted in all directions, is con- 
fined to a plane, an observer located 
in that plane sees, for t > r, two spots 
which separate along a fixed line in the 
plane of the sky. The separation be- 
tween the leading edges of the spots 
is given by Eq. 2. The apparent width 
of each spot, 

W(t) = /2 [D(t) - D(t - )] (4) 

is a maximum at t = - when the spots 
have just formed, and then diminishes 
steadily. The fluxes from the two com- 
ponents are always equal, provided 
that the initiating pulse and the condi- 
tions in the shell are sufficiently iso- 
tropic in azimuth. (The directional prop- 
erties of the radiation pattern do not 
affect the relative intensity since the 

components are 'always observed sym- 
metrically.) 

Within the context of the model out- 
lined here, the observation of the two 
spotlike sources strongly suggests that 
the initiating event is concentrated in 
a plane (5). A natural way to define 
such a preferred plane is through rota- 
tion. The general picture that emerges 
is consistent with the hypothesis that 
the primary source for the phenomenon 
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is a rotating condensed object-a spinar 
(6). 

Model 2. For a rotating source, an- 
other model that leads to similar kine- 
matic effects -assumes a local enhance- 
ment of activity, confined to a small 
angular sector, that radiates energy 
(electromagnetic, hydromagnetic, or 
corpuscular) in the form of a beacon. 
When the beacon impinges on a distant 

spherical "screen" '(Fig. 2), it initiates 
a radiative process at the observation 
frequency with a short lifetime T. Pro- 
vided that the phase relations are suf- 
ficiently well maintained, the 'active 
"spot" sweeps the screen at a speed 
QR, where OfR/c can be arbitrarily 
high (f is the angular velocity of the 

beacon). For a while the "source" runs 
ahead of the signal. The first signal re- 
ceived 'by the observer comes from 

point P* where the component of 
source velocity in the direction of the 
observer is just c, that is, 

cos 0 * = c/lR (5) 

(Angles are now being measured from 
the transverse diameter.) Afterward, 
the observer receives signals from 

points both ahead of and behind P*. 
After a time r, P* is no longer visible 
and the image divides into two spots, 
one running forward and one running 
backward along the screen. The latter 
spot is, in a sense, observed propagating 
backward in time. This "optical boom" 
is analogous to a fully supersonic boom. 

The angle 4 (see Fig. 2) associated 
with the leading edge of the spot ob- 
served at time t is given implicitly by 
the relation 

it = (OR/c) (sin 0* - sin q) + 
(0- 0) (6) 

[for (v/c)2 > 1]. The apparent width 
of each spot is given by an expression 
analogous to Eq. 4. The initial expan- 
sion velocity is infinite, as in model 1, 
and the images are at first symmetric 
with respect to P*; a first-order expan- 
sion for short times gives 

vf,b -[14 ( )]/( R 1/2 
c ~L oR)J k2ct) (9) 

(see also Eq. 3.) After a while an 
asymmetry develops, which depends on 
the parameter QR/c. When QlR/c ap- 
proaches infinity, q * approaches 7r/2, 
and the images are symmetric at all 
times. The model in this limit becomes 
formally identical to model 1, as it 
must since now the beacon sweeps the 
screen infinitely fast. The fluxes from 
the two spots are again equal, provided 
there is sufficient azimuthal symmetry 
and the initiating beacon does not 
change appreciably while it sweeps 
through the angle 0f - 0b; in the asym- 
metric case, there is the additional re- 
quirement that the radiation pattern 
be sufficiently isotropic. 

Both of our models involve a pre- 
ferred plane, but it is hardly likely that 
the observer is situated just in that 
plane. In the more general case in 
which the line of sight makes an angle 
a with that plane, the observed image 
is modified by projection, but the main 
effect persists. The apparent separation 
and expansion velocity are, as before, 
given by Eqs. 2 and 3 (model 1), and 
Eqs. 7 and 8 I(model 2), with R re- 
placed by R/cos a. A new effect is that, 
although the position angle of the 
images remains constant, their centroid 
moves in the plane of the sky (Fig. 3). 
If the screen is not spherical, an asym- 
metry develops in model 1 as well, and 
the position angle changes with time 
(Fig. 4). There is in this case an addi- 
tional time delay that depends on the 

speed of the initiating pulse, but this 
delay causes no significant changes in 
the results. 
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The time dependence of the mea- 
sured flux is similar in the two models: 
it increases until t = r, when the in- 
dividual spots form. Thereafter, the 
flux is proportional to the fraction of 
the radiating screen under observa- 
tion at the time. This fraction decreases 

steadily, but more slowly than the 
width of the spots; thus the image 
might exhibit a limb-brightening effect 
at the edge of the screen. There is, 
however, an additional decline in flux 
due to the directionality of the radiation 
pattern; if the screen emission is strong- 
ly beamed in the radial direction, the 
limb brightening will be overcome; the 

images then disappear much sooner 
than they would on purely kinematic 

grounds. The kinematic disappearance 
time is R/ (c cos a) in model 1 (7), and 

nearly the same in model 2 unless 
QR/c is close to unity. 

Model 2 predicts that the entire 
process will repeat with a period 

T 27r/0 

provided that the disturbance that gives 
rise to it persists for longer than one 

period. Observation of such periodicity 
would constitute strong evidence in 
favor of this picture. If the period is 
less than the disappearance time, it is, 
in principle, possible to observe two 
or more recurrences simultaneously. 

A possible physical realization of the 
"screen" we have postulated is the 
stagnation surface for the flow of 

plasma from the center of activity. The 

required short persistence time can be 

plausibly obtained if the observed emis- 
sion is synchrotron radiation. A trans- 
verse magnetic field of the order of 1 

gauss would make the radiative lifetime 
a few months for electrons emitting at 
- 10 Ghz. A field of such magnitude, 

decreasing as 1/r over distances of 
tens of light years, is quite plausible 
for spinar models. The magnetic energy 
required is - 1057 to ~ 1058 ergs, a 
modest lamount on the scale of quasar 
energies. 

It is helpful to express the theoreti- 
cal results in terms of the directly 
observed angular separation i4 be- 

Fig. 2. Kinematics for model 2. A beacon from the rotating primary source sweeps 
the screen at a formal speed of t?R. The first signal detected by the observer comes 
from point P*. After some time he sees two spots traveling in opposite directions as 
shown by the arrows. The apparent speed of separation is given by Eq. 7. 

tween the components. By definition, 
D of Eq. 2 is equal to L+, where L 
is the "angular size distance" to the 
source. I(The cosmological model enters 
only in the determination of L from 
the red shift, the Hubble constant, and 
q0.) 

If 4 land 4 are specified, the param- 
eters of model 1 are uniquely deter- 
mined from Eqs. 2 land 3. For ct < R 
(which turns out to be justified for the 
3C 279 data), one obtains: 

R L2 
c-o = -4c-p (10) COS a 4c 

t=-1/2 / (11) 

The factor 1/ in Eq. 11 is a conse- 

quence of the t/ dependence of A(t) 
for short times; this behavior is an in- 
trinsic feature of the model (see the 

0 

appendix). Notice that t is independent 
of L and therefore of !all cosmological 
effects. The results are little different 
for model 2 as long as ct is < R. 

In the idealized model, the edges of 
the spots are perfectly sharp, and ? in 

Eq. 11 clearly refers to the separation 
between the leading edges. The quanti- 
ties determined by observation are the 

angular separation between the centers 
of intensity of the spots, say, ?c, its 
rate of change ?, and an effective 

angular width for each spot, 8. In 
terms of these quantities, Eq. 11 reads 

t = 1/2 (c//c) (1 + /le)/(l + 8V/) (12) 

In our models, 8 is negative, and, 
when the spots are well separated, Eq. 
13 satisfies ((see the appendix) 

a/ = - /, (13) 

A 

B B B2 *- -.--.--- --.- B 

83 ? -.. -. .-.-----.----. B 

Fig. 3 (top). Sequence of images expected 
when the observer is not in the pre- 
ferred emission plane. The position angle 
between the spots remains constant, but 
their centroid moves. Fig. 4 (bottom). 
Sequence of images expected when the 
screen is not perfectly spherical (model 
1). The position angle changes with time. 
In model 2, such an asymmetry develops 
after a long time even for a spherical 
screen. 
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For small values of 8/I, Eq. 12 be- 
comes 

t c 1/2 (1e +- ) (14) 

whiclh can be evaluated from mea- 
surable quantities. Within the same 
approximations, ?~ is constant across 
the spot, so that ?ec can be substi- 
tuted in Eq. 10 with no corrections. 

For 3C 279, the observed results are 
as follows (3): fC = 1.55 ? 0.05 X 10-3 
arc sec (October 1970); 4c = 1.2 ? 0.3 
X 10-6 arc sec per day (October 1970 
through February 1971). The quoted 
value of c is for that fit which as- 
sumes a simple radial expansion. As 
for the width, we are informed (8) that, 
although a finite width gives a fit that is 
clearly better than that of point sources, 
the data do not yet specify B. We 
therefore take, somewhat arbitrarily, 
/83 8 5 + 2. If our model applies to 

these observations, the indicated values 
of the parameters are then: t = 2.5 ? 
0.8 years; R/cos a = 36 ? 9 light years 
(for L= 3 X 109 light years, corre- 
sponding to a red shift z = 0.54, q = 
1). The angle 0 subtended at the pri- 
mary source by the images presently 
observed is about 20?; since T depends 
directly on 8, it is very poorly deter- 
mined, but is of the order of 1 year. 

The total flux from 3C 279 is known 
to exhibit complicated time variations. 
Measurements at 3.75 cm (9) indicate 
what appear to be two overlapping out- 
bursts with peaks around 1967.0 and 
1968.3, and rise times under 1 year; 
thereafter, the flux diminished stead- 
ily. The date for the onset of the phe- 
nomenon calculated from our model, 
1968.3 ? 0.8, is consistent, within the 
rather large uncertainty, with the sec- 
ond of these outbursts. In view of the 
ambiguities associated with an inter- 
pretation of the interferometric data, 
as well as in the choice of the flux 
associated with the event in question 
against a varying background, we do 
not consider the comparison of dates 
to be particularly significant. Indeed, 
a simple linear extrapolation based on 
the present separation speed gives no 
worse agreement. A sharper test of the 
model, in our view, is provided by its 
definite prediction of a slowdown in 
the expansion rate. Such a slowdown 
should be observable before long, if 
our model applies. 

Among other objects in which effects 
similar to the ones discussed here are 
liable to occur, a prime candidate is 
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3C 345, a quasar in which strong in- 
dications of periodicity are provided by 
optical observations (10). With an ap- 
parent period of about a year and 
outbursts observed to persist over 
three or four periods, there would seem 
to be a good chance to observe multiple 
microwave images in this quasar. 

Similar phenomena can be expected 
also in galactic objects. For example, it 
is tempting to speculate whether the 
wisp phenomena in the Crab Nebula 
and the observed variations in micro- 
wave emission (11) can be related to 
model 2. The period in this case is 
known to be much shorter than the 
disappearance time for the spots if R 
is at the wisp distance, 1017 cm. If 
a change in pulsar activity occurs on 
a time scale of weeks or less, one 
might expect to observe a train of over- 
lapping spots, with an ladvancing edge. 

It is also attractive to consider in 
this light the pattern of the radio 
sources near Sco X-l (12). There the 
lateral, weak sources (at a distance of 
~ 1017 cm if they are at all asso- 
ciated with the x-ray source) are rela- 
tively steady, but the central source 
exhibits flares and sudden variations 
which-if taken at face value-imply 
exceedingly rapid spatial changes. Fur- 
ther measurements are badly needed, to 
search for the much postulated, but 
still elusive, rotational nature of the 
energy source for this object. 

Appendix 

It is worth while to point out the mathe- 
matical structure of this family of models. 
Let the generalized coordinate s define the 
points from which the observed emission 
emanates, and let t(s) be the total travel 
time for signals reaching us from the 
point s. The point first observed is deter- 
mined by the extremum condition 

dt/ds = 0 (I) 

Let s* be the value of s that satisfies 
Eq. I, and let t(s*) = to. Then, provided 
that the function t(s) is regular, we can 
expand in the vicinity of s* and put 

t(s) 
- to V1/2 d( (s- s*) (II) 

The quadratic equation (Eq. II) has two 
solutions, sf and Sb, which describe the 
two images observed. Let qP(s) be the angle 
between the lines of sight to s and s*; the 
rate at which this angle increases is given 
by 

dt t = ' (s) dt (III) dt dt 

which is infinite at t =to by virtue of 
Eq. I. Furthermore, in the neighborhood 
of s*, 

pf,b - 
dt 

? 21/2 '(s*) (da) (t (t - to)-l/2 (IV) 

The t-r2 behavior of the expansion rate is 
seen to be an intrinsic feature of this class 
of models, provided that t(s) is regular 
and its second derivative does not vanish. 

The angular size of the spot is 

a = 1/2 [' (t) - V (t - r)] 

For t appreciably larger than r, one has 

a 1/2 
d 

T- r oc _ tv dt (tto )v2 

which is proportional to 9-1. 

(V) 
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