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Search for a Frequency Shift of the 21-Centimeter

Line from Taurus A near Occultation by Sun

Abstract. The 21-centimeter absorption line from the direction of Taurus A was
used for detection of a shift in frequency when the source passed near Sun. A
possible decrease in frequency of 150 cycles per second was detected, which
cannot be caused by general relativity or by the plasma around Sun.

A search for a shift in frequency of
the 21-cm neutral hydrogen-absorption
line from Taurus A during its near-
occultation by Sun was made with the
U.S. Naval Research Laboratory’s 25.6-
m radio telescope at Maryland Point.
When, every June, Sun approaches the
line Earth-Taurus A one can check
the influence of Sun’s vicinity on the
frequency of the line. A shift in fre-
quency is expected because of three
effects:

1) According to general relativity
the optical path of an electromagnetic
wave depends on the strength of the
gravitational potential along its path
(I, 2). Whenever the optical path
changes with time, a shift in frequency
results. Thus, as Sun moves toward the
line Earth-Taurus A, the optical path

gradually increases, giving rise to a red
shift when it approaches the Earth—
Taurus line and to a blue shift when it
recedes (3, 4).

The fractional change in frequency is

Av/v = — (1/c) (dL/dt)

where the optical path L = L, + c-ATr;
L, is the classical distance, and ATr
is the additional time delay predicted
by the general theory of relativity. Ac-
cording to Shapiro (I)
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for one-way propagation, where G is
the gravitational constant, M is Sun’s
mass, Xe is the distance along the line
of sight from Earth to the point of
closest approach to Sun, Xp is the dis-

.
N
,3)
0 -
N
N
N
q
& ~/00 —
~Z00 —

RESIDUAL <y /5ec

I H 1

/0 /2 /4

/6 /8 z0 SUNE 1967

Fig. 1. Circles represent the experimentally determined residual frequency (measured
minus calculated) of the 21-cm line during the days before and after the closest
approach of Taurus A to Sun. The error flags represent the actual spreads of the
20 measurements of frequency taken each day. The solid curve is a tentative 1/#
line that seems to fit the data. The dashed line is the general relativistic effect of the
change of frequncy as Sun approaches the line of sight Earth-Taurus, as predicted
for the situation in June 1967. The rectangles represent Taurus-A data received
during 7 days of testing between 7 and 15 March 1967, when Sun was far away
from Taurus A. The results exclude a theory by Fiirth; the small decrease in fre-
quency found by us has yet to be confirmed with better instrumentation.
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tance from this point to Taurus A, and
I is the distance from this point to
the center of Sun. Differentiation of
ATr with respect to time gives

Av _4GM dl _ 193 X 10° dl

v I® dt I dt

Thus the frequency shift is independ-
ent of the distances Xe and Xp, and
for a ray passing at 1.25 deg from
Sun (where it was on the day of clos-
est approach, 15 June 1967), and for

dl/dt = 20.7 km/sec (5)

A v/v is equal to 1.16 X 10—1°, The
maximum expected shift, due to gen-
eral relativity, in the 21-cm line from
Taurus A is 0.16 hertz; the shift predict-
ed as a function of time is plotted in
Fig. 1.

2) The plasma around Sun also
causes a shift in frequency. The time
delay due to plasma, Tp, is related to
the distance from the center of Sun by

(1)

Tp =[(6.5 X 10*)/+»*] X
[tan™* (Xp/1) 4 tan"'(Xe/D]

and the shift in frequency is then

(Av/v) p = — (dTp/dl) =
(6.5 X 10*)/1* »* X (dl/dt)

The ratio between the relativistic and
the plasma shifts is

Avr/Avp =[(1.93X 107%)/(6.5 X 10*)]h* =
1.45

for the 21-cm line when Taurus A is
1.25 deg away from Sun (6).

3) The third effect is highly specula-
tive but worth examining nevertheless.
Assuming an analogy between elec-
trons and photons, Fiirth (7) hypothe-
sized that, whenever a deflection of
light occurs due to gravitational effect
of a mass, a decrease in frequency
follows; thus he can explain the cos-
mological red shift and the excessive
red shift found for some of the spec-
tral lines from Sun. A wave passing
at a distance / from the center of Sun
will be red-shifted by

Av/v = K (AGM/Ic?)

where K is of the order of 1. At the
closest approach of Taurus A

Av/v = 1.64 X 10°°

which fact implies a shift of 2300 hertz
for the 21-cm line.

The general reiativistic and the plas-
ma effects are too small to be detected
with our present instrumentation. The
resolution of frequency is limited by
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the width of the Taurus-A line; thus
the only predicted shift that could be
observed ‘was the Fiirth effect. The
Taurus-A 21-cm absorption line was
observed during June and July 1967
with a multichannel 21-cm receiver.
The method used for determining the
shift in frequency was the same as
the one used for current experimental
measurement of the astronomical unit
(8). All known Doppler shifts, such as
those due to Earth’s orbital revolution,
rotation, motions in the Earth-Moon
orbit, and other minor effects, were
computed and subtracted from the fre-
quency measured by observation so as
to give the residuals. Observations made
over a period of several days, a few
months before our measurements, had
confirmed the method of prediction. The
rectangles in Fig. 1 give the results
of this control measurement and show
that the residuals are near the zero line
as they should be. Although the fre-
quency-switching technique effectively
canceled the solar sidelobe radiation,
it was important to evaluate any possi-
ble solar interference. Before 15 June,
tests were made with the antenna point-
ed within 1 deg of Sun, with no
noticeable degradation in performance
of the system. Nevertheless there re-
mains a possibility that Sun’s radia-
tion affects the equipment in an unpre-
dicted way. The near-occultation ob-
servations commenced on 10 June.
Taurus A was observed for several
hours daily for 5 days before and after
the solar approach. The residuals (ob-
served minus calculated frequencies)
are plotted in Fig. 1; each point is the
average of about 20 individual data
points, the scatter being represented
by an error bar. There appears to be
a decrease of about 150 hertz in fre-
quency near closest approach; how-
ever, on the basis of statistical analysis,
the probability that this is a real de-
crease is only 90 percent.

An experiment (4) in which the fre-
quency of radar pulses reflected from
Venus and Mercury was measured sets
an upper limit of 1/70 on the con-
stant K of Fiirth’s theory (as was

presented by Fiirth; that is, with a 1/r .

dependent). In order to reconcile the
Venus experiment with the apparent de-
crease of 150 hertz found by us one
would have to assume that the effect is
proportional to 1/#2, In this case the
experiment of Shapiro et al. (4) could
not detect the effect as the radar pulses
passed some 80 solar radii away from
Sun. A 1/r? dependence is also indi-
cated by the shape of the plot in Fig. 1.
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On the other hand, the 1/r? depend-
ence does not agree with red-shift
measurements of the Na lines from
the limb of Sun. The gravitational red
shift should amount to

Av/v =2 X 10

and was experimentally found (9) to
agree with the predicted value within
10 percent. If the effect found in our
experiment depends on 1/72 one should
see the Na line red-shifted by

Av/v = (150 X 5% (1.4 X 10° X 2) =
1.3 x 10

(Our experiment showed a shift of 150
hertz, out of 1.4 X 10° hertz, when the
rays passed at five solar radii. The Na
lines are emitted from one solar radius
but are affected by Sun only half as
much as is the 21-cm line.) This shift,
added to the gravitational red shift,
should become

Av/v = 3.3 X 10

which is inconsistent with the 2 X 10—¢
* 0.2 found experimentally.

In conclusion, a possible decrease
in frequency of the 21-cm line was
observed, with an indicated dependence
of 1/r2. This decrease could be of
great significance, as it indicates a red
shift for waves passing near a mass,
but a higher degree of statistical con-
firmation is needed. The general rela-
tivistic effect could not be tested by
use of the 21-cm line from Taurus A.
Using the largest antenna and the best
equipment available one could measure
the shift within 1 hertz, which degree is
still an order of magnitude greater than
the effect. However, if a narrow and
intense line were found near the eclip-

Binocularly Driven Neurons in

tic, the gravitational shift could be de-
tected. Oxygen-hydrogen emission re-
gions could provide such lines, but the
accuracy of the measurement depends
on (i) the width of the line, (ii) the
intensity of the line, and (iii) the dis-
tance of the source from the ecliptic.
Although the OH lines are much nar-
rower than the hydrogen line, we could
not find a line that was sufficiently in-
tense and close enough to Sun.
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Visual Cortex of Split-Chiasm Cats

Abstract. In cats with midsagittal section of the optic chiasm, some visual
cortex neurons can be driven not only by the ipsilateral eye, through the direct
geniculocortical pathways, but also by the contralateral eye, through the opposite
visual cortex and corpus callosum. The receptive fields and the response charac-
teristics observed upon stimulation of the contralateral eye are very similar to
those observed upon stimulation of the ipsilateral eye; the two monocular recep-
tive fields of a given cell lie in corresponding points of heteronymous halves of
the visual field in close contact with the vertical meridian, thus adding in visual
space and forming a binocular receptive area which crosses the vertical meridian

and extends equally on either side of it.

In mammals, the connections be-
tween the eyes and the brain are such
that each half of the visual field is
projected to the contralateral hemi-

sphere only. Perceptual unity of the
cerebral hemispheres in the act of see-
ing is thought to result largely from
the activity of commissural pathways,
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