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Abstract. The cosmic microwave background may be explained on the basis of absorption and re-
emission of the light from galaxies by graphite whiskers of lengths /~0.1-1 mm. The mass density
of such particles required is of the order of 10~34 gcm™3.

The 2.7 K cosmic microwave background is generally interpreted as representing
relic radiation from an early phase of the Universe. Several attempts at explaining
this phenomenon in terms of processes taking place in more recent epochs have not
been considered successful (Narlikar and Wickramasinghe, 1968; Hoyle ef al., 1968).
Explanations based on thermalization of starlight in galaxies by grains and on con-
sidering the integrated effect from such discrete sources of far infrared radiation may
be criticized for a variety of reasons. Such models face difficulties with regard to
explaining the black-body spectrum of the radiation as well as the high degree of
isotropy observed (Hazard and Salpeter, 1969).

Direct thermalization of light from galaxies by intergalactic dust is not a viable
model if dust particles are approximately spherical in shape and have dimensions
typical of interstellar grains. For such grains the extinction cross-section at optical
wavelengths is close to the geometrical cross-section whilst the maximum possible
efficiency for absorption and emission in the infrared is Qir~10 a/i (Hoyle and
Wickramasinghe, 1969). To obtain the observed isotropy and Planckian nature of
the 2.7 K background one requires an optical depth up to the Hubble radius at
A~0.1-1 mm exceeding unity by a significant factor. Such a high optical depth at
mm wavelengths implies an untenably large optical depth at visual wavelengths.

An interesting case arises if dust particles exist in intergalactic space which are in
the form of slender whiskers of fairly high electrical conductivity with lengths in the
range 0.1-1 mm. The growth of whiskers of lengths less than 1 x of (CH,0), has
been discussed by one of us in the context of galactic dust clouds (Wickramasinghe,
1974, 1975). Particles composed of such strongly insulating material would not be
important in the present context, even if such molecular solids were able to form in
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extragalactic conditions. The accretion of mantles composed of semi-conducting
ices, which may occur under suitable conditions, could however enhance the emis-
sivity of these grains. The role of such coated grains will be discussed elsewhere
(Edmunds and Wickramasinghe, 1975), but in the present context we invoke the
formation of graphite whiskers.

The condensation of graphite whiskers could occur wherever the C/O ratio exceeds
unity. There is evidence to suggest that metals are more abundant in the nuclear
regions of galaxies than in the outer parts (Burbidge, 1970). If expulsion of heavy
elements into intergalactic space occurs mainly by violent events such as the explo-
sion of super-massive stars in dense galactic nuclei a depletion of oxygen with respect
to carbon can take place in certain regions of the exploding star (Audouze and
Fricke, 1973). The excess of carbon over oxygen may now be able to condense as
graphite particles, the amount of graphite condensed depending upon which nucleo-
synthetic regions are expelled and on the dynamics of the explosion.

It has been recognized for many years that graphite particles condensing at rela-
tively high temperatures from the gas phase could grow as slender whiskers which
are endowed with considerable tensile strength (Bacon and Bowman, 1957; Bacon,
1958). Many crystalline solids grow as whiskers from the gas phase under suitable
conditions (Nabarro and Jackson, 1958). Although the precise conditions under
which graphite whisker growth occurs are uncertain, it seems probable that irradia-
tion of grain nuclei by high energy photons could play an important role (Moto,
1968). Growth in the form of whiskers may then occur along dislocation axes (Hillig
and Turnbull, 1956; Higashi et al., 1968). The conditions of high energy X- or
y-irradiation necessary for such a process may well be realized near the nuclei of
active galaxies. Whisker grains condensing in inter-galactic space on suitable seed
nuclei grow in length / at a rate

d 2
ar (n/) = s RV )Mc, (D

where n¢ is the ambient carbon density, a is the grain radius, s is the specific gravity
of graphite, {(v,,»> is the mean thermal speed of impinging C atoms and m is the
mass of a C atom, assuming growth in the form of a right circular cylinder. This
integrates to give

I = aexp (t/7), )
where

as

£= (nc/ng)2nglvmyme )

©)

Setting a~10"%cm, s~2.2 gem ™3, nc/ng~ 1073, ny~10* cm ™3, {vy,> ~10° cm s~1 as
may be appropriate in the region around a young massive star we have 7~2.2 x 103 yr
so that /~1 mm in #~2.5x 10* yr. This is a time scale short compared with the life-
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time of the Seyfert phenomenon and with the expansion time scales associated with
the galactic nuclei. Exhaustion of gas phase C atoms (over and above those com-
bined as CO) will in general take place very quickly in both galactic and extragalactic
situations. The particle lengths resulting from this process will then be limited by
the concentration relative to hydrogen of condensation nuclei, assuming a constant
value for the radius of condensation nuclei. If a steady wind of grain-free carbon-rich
gas is emitted from the central source, nucleation of graphite particles may be suffi-
ciently slow to give rise to a value of n,/ny which is lower than the canonical inter-
stellar value by a few orders of magnitude (cf. Nishida and Nakazawa, 1973). Final
grain lengths of /~0.1-1 mm could then be easily achieved (Edmunds and Wickrama-
singhe, 1975). Such whisker grains may be expelled into intergalactic space along
with gaseous material as a result of the explosions of massive objects in Seyfert
nuclei (Hoyle and Wickramasinghe, 1968). It should also be noted that close colli-
sions between galaxies in a cluster can lead to stars and gas being thrown out into
the intergalactic medium. In 10'° yr about 1073 to 10~2 part of cluster mass is thus
thrown out (Gallagher and Ostriker, 1972). This will lead to some enrichment of
the intergalactic medium by heavy elements and graphite whiskers from carbon stars.

The electromagnetic absorption properties of infinite right circular cylinders with
arbitrary radius and lengths / may be calculated from rigorous formulae (Wickrama-
singhe, 1973) for given values of the bulk optical constants. The asymptotic form
of the mean absorption cross-section in the limit 2za/A<1, /> A for cylinders of com-
plex refractive index m assuming random orientation is

2n%a?l , m? — 1
Writing m?=K—2ioA/c, where K is the dielectric constant and ¢ the conductivity,
we obtain

Cext = -

B 4n2a?lo(2) 8K
Colld) = ——— {1 TERTIE 4(0/1/0)2}' ®

With a~ 1076 cm, this expression is expected to be valid to a good approximation
for wavelengths ranging from ~3000 A to ~2/. Using optical data available for the
case of bulk graphite for E parallel to the basal planes (Taft and Phillip, 1963) we
obtain

Cexd(3200A) 0(30004)

Coulh > 300) ~ oG > 300 ~ ©)

No general theory is available for particles whose lengths are /<A, Based on radar
scattering data for thin wires we expect a peak in cross-section to occur at A~2/
with a sharp decline for longer wavelengths (Barton, 1974). The absorption cross-
section for graphite whiskers would thus peak at A=1 mm for particles of length
[~0.5 mm.
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At the ultraviolet wavelength 1~3200 A we have K~2, 6~ 5x 105 s~ for graph-
ite so that Equation (5) gives

C,s(3200 A) = 3.1 x 10° % )
and
x(3200 A) = f;;;s ~ 4.5 x 10°5cm? g~*. ®)

The mass density of such grains required to produce 7 (3200 A)~1 at R=2x 10?8 cm
is thus
~ ]' ~ -34 -3
QdUSt —_ KR _— 10 gcm M
This is less than the limits set for the intergalactic dust density by other criteria
(Nickerson and Partridge, 1971; Karachentsev and Lipovetski, 1968). The associ-
ated H density of intergalactic space assuming n(C)/n(H)~ 1073 is thus

oy ~ 10732 gcm™3.

This value may be compared with the density ¢~10~2° g cm~3 required to close
the Universe. The density of matter in the form of galaxies is estimated at a few
times 107! g cm~3, if smeared out over the whole Universe. The above requirement
of gy is therefore not excessive. If a dust density of 10~3* gcm=32 is considered
plausible the Universe could be marginally optically thick at ultraviolet and visual
wavelengths at the Hubble radius, and yet, by virtue of (6) totally optically thick at
millimetric and submillimetric wavelengths. The consequence of this feature is that
an isotropic or very nearly isotropic microwave background will be produced by the
direct thermalization of the optical light emitted from galaxies. The energy density
arising from galaxies due to the conversion of H to He (He/H ~0.28) is coincident
with that of a 2.7 K microwave background (Fowler, 1968). The spectrum of the
thermalized radiation will thus be close to the effective black sphere temperature of
intergalactic space ~2.7 K. Perturbations from isotropy in the microwave back-
ground to be expected on the basis of this model will be discussed elsewhere (Edmunds
et al., 1975).
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