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for several weeks at least in the human cells be avoided? 
Merril and his colleagues have not yet made any attempt 
to determine where in the cell, in the nucleus, the cyto
plasm or in the mitochondria, the phage genomes reside 
but no doubt more than one research group will earn its 
living trying to answer that and other such questions if 
these experiments can be confirmed. And assuming that 
is the case, a great deal of hard thinking will have to be 
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put into the related questions of how the introduction of 
selected bacterial genes into mammalian cells, so as to 
alter. the recipient's metabolic pathways, can usefully be 
applied and what hazards might arise from too indiscri
minate experimentation with this system. Merril's group 
have thrown down the gauntlet; those biologists, who 
through intuition or prejudice disbelieve these results. 
know how they can accept the challenge. 

Anomalous Redshifls Explained? 
THE article by Ferencz and Tarcsai on page 404 of this 
issue of Nature will be a relief to orthodox workers in 
general relativity because it provides an explanation, 
simple in principle, for certain puzzling phenomena for 
which very speculative explanations have hitherto had to 
be constructed. 

Three years ago, Sadeh, Knowles and Yaplee reported 
(Science. 159, 307; 1968) an anomalous redshift in the 
21 cm radiation from Taurus A as it passed near the Sun. 
The extent of the shift was 150 Hz-about one part in 107 

-but it was too great, they claimed, to be explained 
either by the interaction of the signal with the Sun's 
atmosphere, or by any effect attributable to the curva
ture of space time around the Sun according to the equa
tions of general relativity and similar theories of gravita
tion. For two reasons this anomaly was either worrying 
or exciting. First, relativistic theories of gravitation are 
so elegant and illuminating that theorists would be more 
loath to part with them than with other esoteric theories. 
Second, the two sources of redshift in well-understood 
situations. recessional velocity of the source and gravita
tional fields, provide the best means of measuring masses 
and velocities of very distant objects. The first men
tioned is the best reason for believing that the universe 
expands. It is suspected that other causes of redshift 
exist because it is difficult to explain the huge redshifts of 
quasi-stellar objects; but to find inexplicable redshifts 
near to the Sun was most perplexing. 

Later in 1968, Sadeh, Knowles and Au reported 
(Science. 161, 567; 1968) a repetition of this experiment 
and also another phenomenon of similar type. In this ex
periment a caesium clock was carried about on the Earth's 
surface and exhibited a decrease in frequency proportional 
to the distance moved. Again, a timing system, this time a 
clock instead of a photon, was showing an irreversible 
decrease in frequency on being moved through a gravita
tional field. If such a phenomenon were general it would 
cause the frequency of photons to diminish as they moved 
through space and would account for 10 per cent of the 
observed redshift. 

Doubts were cast on the validity of this experiment by 
Markowitz (Science. 162, 1387; 1968). Sadeh and 
Knowles, in collaboration with Hollinger and Youmans, 
had also studied the most precise clock in the sky, the 
pulsar CP 0950, as it was eclipsed by the Sun (Science . 
162, 897; 1968). By now a diminution in the frequency 
of its flashes was expected as its light grazed the solar 
limb, but none was observed. 

At least three radical theories were invoked to explain 
the measurements. Sadeh, Knowles and Yaplee in their 
first article had put forward the hypothesis that photons 

might resemble electrons in losing the energy that they 
gain by falling into gravitational fields but requiring 
energy to climb out of them. Such a picture exaggerates 
the effect of the first experiment by a factor which they 
calculate to be about 15. explains the small result of the 
third but provides no clue to the disputed second. 

Szekeres explained (Nature. 220, 1116: 1968) the 
results by a unified field theory. Theories of this type 
ascribe the electromagnetic field as well as the gravita
tional field to curvature in the space-time continuum. 
Szekeres pointed out that if the electromagnetic field was 
simply proportional to the difference between the "con
nexions" (geometrical quantities describing displacements 
between parallel lines)-one for world structure, the other 
for the actual displacements of light waves-then fre
quency changes of the type observed in the first and the 
second experiments could be ascribed to travel through 
the magnetic fields of the Sun and of the Earth. Labora
tory experiments reported later by Shamir (Nature , 222, 
362; 1969) did not support this hypothesis, however. 

A third theory was that of Woodward and Yourgrau. 
who pointed out last year (Nature, 226, 619; 1970) that 
the crucial point is whether or not the relative frequency 
shifts due to the gravitational doppler effect is frequency 
dependent. A comparison between the numerical magni
tudes of the results of the first two experiments suggests 
that it is. If this is so, however, it contradicts general 
relativity, according to which acceleration cannot 
normally be distinguished from gravity. Accordingly, 
although Woodward and Yourgrau's model of a fre
quency dependent interaction fitted all the experimental 
data, it gave rise to much controversy. 

All would be explained if the first experiment was 
understandable. The second experiment has not been 
successfully repeated and the third gave a negative result. 
Even the first is partially contradicted by the fact that 
experiments with radar pulses grazing the Sun as they 
echo from the Earth to the planet Mercury give results 
in accordance with relativity. 

Exactly such an understanding is claimed in the article 
by Ferencz and Tarcsai in this week's Nature. The 
authors cite detailed calculations which for the first time 
take into account the fact that the Sun's plasma is not 
at rest nor homogeneous. They account for shifts in fre
quency well within the limits of experimental error of the 
first experiment. General relativity is thus vindicated. 

But Ferencz and Tarcsai have not simply laid a ghost. 
Their technique of calculating r~dshifts in inhomo
geneous plasmas may explain in the future the large red
shifts of quasi-stellar objects. The original statement 
about the plasma is beginning to look like a fruitful error. 
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