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onnation equations for forces are well 
wn 2• The gravitational force on one 

of e masses, in their own reference 
fram is Gin1m2/r 2• In the 'laboratory' 
frame, with respect to which their 

· vt;locity · v, the force is again along the 
line joini the centres of the masses and 
is Gm 1m2/( 

2
): 

An obser r in the laboratory frame 
~vould find t t the masses were ym 1 
and ym~. If he c lculated the gravitational 
force with the u uaJ formula, he would 
find it to be y 2G m2/r2, which is larger 
thari the true for by the quantity 

But Xis not the gravita ional equivalent 
of the magnetic force. m 1 carries a 
charge q1 and m_2 a ch rge q2, the 

· magnetic force on q 2 .is q2 v , where B1 
is the magnetic induction res ting from 
q 1 (ref. J), or 

If q 1 and q2 are.·of the same sign, t e 
·electric force on q2 in the moving fram 
is repulsive, and the magnetic force in · 
the laboratory frame is attractive. Since 
the gravitational force in the moving 

:frame is attractive, · the gravita.tional 
.. · ;analogue of the ma!;!netic force in the 

. laboratory frame is r~pulsi"ve. It is given 
by replacing q 1q~f4nc. 0 by Gm1m 2 in the. 

--expression :already .given, or by 

where m 1 and m2 are again the rest 
masses since in the moving frame the 
masses are fixed with respect to one 

1 another ... 
The quantities y 1 and y 2 (see ref. 4) 

·referred to by. Salisbury and Menzel come 
from- general relativity._ They cannot be. 
arrived at using only special relativity. 
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tMENZEL AND S\USB URYRE PLY-Professor 
Lorrain is correct in his assertion that -rhe 
gyron force between moving masses is 
repulsive. We show that in our paper. 
But, his suggestion that the transfor-• 

:t'nation for :ma_gnet'ic ,forces between. 
moving charges also applies to moving 
masses is incorrect. The magnetic force 

'~-. -~';&!~ 
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between charges is proportional to the 
product of the equivalent currents, q1 ~· 1 
and q 21•~- In our simplified presentation, 
v1 1•2 happens to equal v2• A similar 
identity occurs with the increase in mass 

· caused by the kinetic energy of the 
motion. That increase in mass produces 
an extra force between the bodies. The 
force is proportional to the mass-current 
product, m 1m2v2 in our simple case, and 
must be distinguished from the gyron or 
magnetic-like repulsion~ 

That the magnetic force and the gyron 
. force cannot have exactly the same 

coefficients should be clear from the 
fact that both experimentally and theor
etically, electric charge is conserved under 
a Lorentz transformation, whereas mass 
increases with velocity. 

The criticism that we are solving a 
problem in general relativity ·by means of 
special relativity is not valid. Particle 
accelerators demonstrate clearly that 
highaccelerationsandgreatmassincreases 
occur. Thus, general relativity can be 
approached through special relativity; 
Einstein used the approach to obtain his 
famous law __ : £ = mc2• 

General relativity theory is clearly 
complete because it predicts that mass 

is onserved in the same way as electric 
cha e. The new Yilmaz theory of 
gene f relativity corrects this error and·· 
gives a conservation law of mass-energy 
and mor ntum that allows for a smooth 

tween special and general 
relativ1ty1• urther, the new theory 
satisfies the e. rimental criteria. 

Any form o relativity: must have a 
firm experimenta be.Sis. The invariance 
of electric_. charge · s . well founded ex- . 
perimentally. The en ge of mass with 
velocity is. known to high degree of 
accuracy; it m1ttcrially a s the design, 
operation; and observatio of a wide 
.variety of particle accelerato 

Matters arising 
I\fatt.ers Arising ·is meant as · a 
vehicle for comment and discussion 
·about papers that appear -in 
Nature. The or.iginator of a 
Matters Arising contribution 
should initially send his manuscript 
to the author of the original paper .. 

.and both pa11ies should, wherever 
possible, agree on what is to be 
submitted. Neither contribution 
nor reply (if one is necessary) 
should be longer than 300 words 
and the briefest of replies, to the 
effect that a point is taken, should 
be considered. 
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Embryonic chick tibiae 
in_steady electric fields 
WATSON et af.l report that the growth rate 
of embryonic chick tibiae in vitro is 
enhanced by a pulsed electric field of 
1,000 V cm-1 but not by a static field, We 
suggest that there is a simple reason why 
no enhancement should be expected in 
the static case. This lus to do •with the 

. ability of the cultures to sustain a field. 
Any field produced within the tissue 

will decay exponentially with a relaxation 
time constant: · 

T = e,Jc/cr 

where er is the conductivity of tissue, · 
k the dielectric constant of tissue and 
to the. permittivity of free space. · · 

There seem to be no published data on 
· the conductivities and dielectric con~ 
stants of uncalcined embryonic bone, 
but Schwan3 has published. data on the 
electric properties of other tissues (for 
example, lung, muscle and liver). Repre
Sentative values at very· 1ow frequencies 
(1-10 Hz) are cr = 10-3 ·mho cm-J and 
k = Hr. It seems reasonable that values 
for une2.lcified chick tibia should have 
the same orders of magnitude. Converting 
cr to m.k.s. we derive a relaxation time 
constant .~ IO""" s. The corresponding 
value for a dielectric iike fused quartz is 
in excess of l 06 s. · · 
· This shows · why enhanc~ent of 

gro-...1h is not to be expected in a steady 
field. During the 9-d growth per_iod in 
vitro there is no field wirrjn the bone, no 
charge movement within or on the bone, 
and so no bioelectric · command signal 
to the bone, except at the instants 'Nhen 
the field is switched on or off. . 

· Schwan ·s ,,aJues for k may perhaps be 
. ffeaied \vith caution, but :assigning mere 
typical values to the dielectric constant 
(say k = lO) gi,·es ess,:::ntially the same 
resuli-~in the steadv fieid ·there· is no · 
transducer mechar.is~ available. -. l 
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