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ABSTRACT

Dirac's cosmologyf based on his large number hypothesis, took the

gravitational coupling to be decreasing vith time and matter to be created

as the square of time- Since the effects predicted by Dirac's theory are

very small, it is difficult to find a "clean" test for it. Here we show

that the observed radiation fron pulsars is inconsistent with Dirac's

multiplicative creation model, in vhich the matter created is proportional

to the density of matter already present. Of course, this discussion makes

no comment on the "additive creation" model, or on the revised version of

Dirac's theory.
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Dirac's cosmology ia baaed on his large number hypothesis ' (L.N.K.)

which ia the assumption that if two large numbers are comparable there is some

deep underlying physical reason and not a mere accident. It turns-out that the

ratio of the estimated age of the Universe, t , to e /me (m,e being the mass

and charge of the electron, and c the speed of light) Is 7 x i c ^ . Also, the

ratio of the electric to gravitational force between an electron and a proton,

e /G Ma (M being the proton mass and G the gravitational "constant") is 2 * 10^.

Further, the estimated number of nucleons in the Universe, N, is of order 10 .

On the basis of his L.B.H. Dirac takes G to vary inversely with time and K to

vary as the square of tiae. For total conservation of energy he invokes a

"negative energy *ea" vhich is not observable. (Incidentally, this problem of

matter creation does not arise in Diraq's revised theory .) DIrac then

constructs tvo models depending on whether matter is created uniformly through

all space (additive creation) or more where more matter is present (multiplicative

creation). In the one case astronomical distances scale up while in the other
1) 2)

case they scale dovn, with time " '. This fact provides a test of the theory

In principle by observing 3olar system distances over sufficient periods of time.

Unfortunately, the test Is not very "clean" as there could be many other factors

responsible for such effects at the type of accuracy required of 10 every

two years.

Before going on to consider a "clean" test of multiplicative creation

in L.M.H. let us consider the conclusions of the hypothesis. It can be argued

2
that e /G Mm ia fundamental as matter is composed of atoms vhose structure

depends on the forces between protons and electrons. However, there aeeras

to be no reason to prefer t (me /e }~ to t (Me /e2) vhich is I * 10 or
P giP , 2 -1

the rat io of t to the Planck, time ^-10 , or (me /e ) to Planck time
21 p

"^lO , e tc . Considering the number of dimensionless quantities that can be

constructed in this way i t Is Inevitable that two or three of them are

comparable to an order of magnitude. Whereas an exact agreement of two

forty digit numbers i £ unlikely, an order of magnitude agreement has a

probability of one in forty only. If more than forty such dimensionless

constants can be found then there i s a certainty that at least two will agree

to an order of magnitude? For this reason one may have diff icult ies in

accepting the L.H.H. as such, but this does not in any way disprove Dirac's

cosmology with varying <J and creation of matter.

To obtain a "clean" teat of the theory we need some phenomenon in a

c r i t i ca l state where very small effects vould make a very big difference.

For multiplicative creation such a c r i t i ca l situation Is provided by neutron

ster*. They radiate away a small fraction of their mass, and the effect of
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t.hij nsaLis luiij can be ota^rved. If they wore also "secretJng" .a'.'.er due to

multiplicative creation, the xass la»s would be drastically altered. Relying

on the observed data ve can see what limits would be imposed on the neutron

star Bass. Let us ccr.sider this point in more quantitative de ta i l .

Since multiplicative creation requires an increase of mass proportional

to the mass and trie square of the time, ve must have

(1)

Thus the mass at time t can be expressed in terms of the mass at the present

time by

t2/t2) . (2)

Thus the ratio of change of the mass of a neutron star due to multiplicative

creation at the present time is

(3)

Now, f o r t h e o b s e r v e d s l o w i n g down o f p u l s a r s t o b e c o n s i s t e n t w i t h F c , ( 6 ) ,

i . e . the left-hand side to be negative we must have

dE / d t | >, 2rcc2/t . (7)
rad " p

This equation gives a limit of the mass of the pulsars

M =

for a given amount of radiated energy.

(8)

Using the standard method of deducing the radiated energy from the

observed energy flux 5' " '•'•- '-''- "~ ™ "•—* ~*-™on the data for 20 neutron we find that

18 of them are entirely incompatable with multiplicative creation, as we would

require them to have masses less than ICf K& , and even down to 2 x 10" M^I

Ofthe'Other two one has a mass less than 0.06 Mfi,while the other is only

limited by the Ruffini limit . We conclude that apart from other considerations

multiplicative creation of matter is ruled out by the existence of neutron

stars.

According to the "traditional" neutron star model of pulsars

their energy loss was due to dipole radiation. It.is well known now

there are also other mechanisms responsible for energy loss

6)
that
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dE ^/
rot (5)

(I being the moment of inertia of the neutron star, u i ts frequency and to
the rate of decrease of frequency) and AE/dt is the non-rotational energy
that could be radiated.

Putting multiplicative creation into the picture we get the total
energy loss dE /dt being given by

dE_/dt = -dE ./dt + 2mc /tT rad p (6)
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The distance and the observed energy flux of 20 pulsars is given.
On the t>a*iB of Eq.(8) and this data, the calculated upper mass limit, M, Is
given in grans and solar masses. The pulsars marked with a • are not In-
consistent with multiplicative creation, but the others are—even if ve
alloir neutron stars with mass as l i t t l e as 10~5 M« :
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