16

resulting from these events. As a means of monitoring
the general functioning of the instrument, charged
patticles traversing the anticoincidence shell are also
continuously sampled. All these data are telemetered
to the ground receiving station along with those from
the other satellite sub-systems. The entite TIFR
experiment weighs about 22 kg and consumes about 1.6
watt power.

The scientists associated with the TIFR experiment
are Drs. M. V. K. Apparao, S.V. Damle, R. R. Daniel,
G. S. Gokhale, G. Joseph and P. J. Lavakare.

R. R. Daniel

Tata Institute of Fundamental Research
Bombay 400 005

REDETERMINATION OF THE HUBBLE CON-
STANT AND THE DECELERATION PARA-
METER :

Astronomers appeal to observational data furnished
by distant galaxies to study the structure and evolution
of the universe. In the nineteen twenties, Hubble
discovered, from the measurements of the spectral
features, that the velocity of recession of distant galaxies
is proportional to their distances from us. This propor-
tionality constant which has the unit of inverse time is
the Hubble constant, H, . Since the time when Hubble
made the measutements, the value of this constant has
been successively revised by more refined observatoins.
In 1956, the largest redshifts measured were around
g =0.2 and on this basis Humason, Mayall and Sandage
(A. J., 61, 97, 1956) gave a value of Hy = 180 km

sec'Mpc'. In the nineteen years that have since elapsed,
Sandage and his collaborators have systematically re-
vised the measurement of the Hubble constant. In
1968, Sandage (Observatory, 88, 91, 1968) adopted a value

of 75 km sec™ Mpc™ for Hy , while in 1974, based on the
observations of nearby galaxies, the local value of the

Hubble constant was given as 56.9 & 3.4 km sec™ Mpc™
(cf. Sandage and Tammann, Ap. ], 194, 559, 1974).

Recently, Sandage and Tammann (preprint) have
reestimated the value of H, by measuring the redshifts

of a sample of remote spital galaxies in the apparent
magnitude range 13.5<m <15.8. This was done largely

to remove any possible disturbances of the local velocity
field by ¢ the inhomogeneous clumping of nearby galaxies
in the Ursa Majot, Virgo, Coma region .  The principal
conclusion of this study is that the global value of the
Hubble constant is 55 4 5 km sec”’ Mpc™, not altogether
different from the corresponding estimate for H, obtained

by using the local sample of galaxies.

In standard cosmological models, to a sufficient
accuracy, H,™" represents the time since the expansion
began ; based on the latest estimate of H, , this time

+1.8
is 17.7 x 10° years, which is an order of
—1.5 .
magnitude larger than the time scale given by Hubble

in 1932. But to find the actual age of the universe,

To, one requires a knowledge of the deceleration para-
meter, 4, , which essentially embodies the rate of slowing

down of the universal expansion, because of the attraction
exerted by the total mass-energy present in the universe.
In the past, the value of ¢, has been determined by using

the observed redshift-magnitude relationship for galaxies
with large redshifts. But Sandage and Tammann now
adopt a somewhat different approach to determine ¢, .

Employing the standard formulae in Friedmann models
of the universe, they write the following telationship :

T, = £(40) Hy',

where f(¢,) is some known decreasing function of the

deceleration parameter. In order to solve this equation
for g, , the value of H, is inserted from the cutrent

estimate of the Hubble constant and the age of the
universe is estimated by appealing to various data con-
cerning the age of globular clusters, time-scales for the
formation of galaxies and the apparent cut-off in QSO
redshifts at z &~ 4. Thus, for globular clusters, taking
a lower limit for their age as 14 4= 1 x 109 years, the
upper limit of the deceleration parameter is found to be:

—0.10

4o (Hy = 55) = 0.17 ,
°ere 1 0.26

—0.18
do (Hy =50) = 035 :
+ 0.40

However, if the time-scale for galaxy formation, after
the birth of the universe, is taken into account and is
adopted to be o~ 10° years, then Ty =~ 15 & 1 X 10°
years gives the motre realistic values:

—0.08
go (Hy = 55) = 0.10 )
°rro + 0.16

—0.12

7o (Hy = 50) = 0.20 X

+0.26

If the cut-off in quasar redshifts at z ~ 4 is taken
to be real and attributed to the epoch of the first galaxy
formation, then

—0.03
7o (Hy = 50) = 0.03 )
» + 0.07

It is clear from the successive values of g, obtained

over the years that improved obsetvations have led to
a steady decrease in the value of ¢,. Might one speculate

that at a future date mote refined observations would
produce even negative values of g, !

' S. M. Chitre
Tata Institute of Fundamental Research
Bombay 400 005

LUNAR OCCULTATION OF X-RAY SOURCE IN
CRAB NEBULA

During mid-1974 and early 1975, many attempts were
made to establish the size and possible structure of X-ray
source in the Crab nebula, during its lunar occultation. First
such experiment was conducted by NRL in 1964 during
its previous occultation. Later on, modulation collimator
technique was used to establish the size of the X-ray source,



both in rocket and the ballcon-borne instruments and its
size was measured to be ~ 100”. In 1968, an X-ray pulsar
was also discovered in Crab nebula but its position with
trespect to the X-ray sourcewas not well established.

The following table gives the successful experiments
and their results conducted during the present series of
occultation events :
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It can be seen from the table that the position of the
X-ray pulsar does not coincide with the centriod of the
X-ray source distribution in the nebula. Thus the Crab
pulsar may be a candidate for a run away pulsar, if
the X-ray source represents the core of the supernova
explosion. The obsetvations also show the expected be-
haviour of the decrease in size with the increasing energy.

Date of P.A. Size Off set from the Energy range Group name
occultation  (degrees)  (atrc sec) pulsar (arc sec) keV : .
Aug. 13, 1974 130 24 4+ 7
10 + 4 NW 20 — 150 M.LT.
244 49 4+ 7 ]
Oct. 7, 1974 83 37+ 7 11 &+ 2NW 20 — 150 Max-Planck (Munich)
Oct. 7, 1974 255 2 x 363 NIL@ 1.5 — 20 Columbia University
! + 14
Jan. 14, 1973 NI g9 6 + 11 (Pitch)
— 10 0.6 — 1.8
— 29 4 8 (Yaw) JI I Copernicus Satellite, (Mullard
+ 32 r Space Science Laboratory)
66 7 4 12 (Pitch) 1.0 — 3.1 |
— 27
31 4 9 (Yaw) J
Oct. 7, 1974 236 73 + 38
20 + 8 25 — 175 Mullard Space Science Labozrator y
275 71 £+ 15)
Jan. 24, 1975 103 400 N. L. 20 — 100 TIFR-Nagoya-ISAS collaboration

(1) N. L : No information.
(3) Possibility of a structure in the source.

However, there are indications that the high energy
nebular X-ray emission is associated with the “ wisps ™.
Some more features may come forth when the detailed
analysis of these observations becomes available.

These observations clearly provide a test for all the
eixsting models for the source distribution and the X-ray
generation in the nebular region.

R. K. Manchanda.

Tata Institute of Fandamental Research
Bombay 400 005

JUPITER’S MAGNETIC FIELD

Long before the exploration of the planet by space
crafts, the observations of radio waves from Jupiter
have been attributed to the possible presence of a magnetic
field and a consequent charged particle radiation belt
similar to the earth’s van Allen belt.

The ptesence of magnetic field in Jupiter has been
confirmed by Pioneer 10 magnetometer measurements.

(2) 'The Columbia University Group measured 1/2 of the
emersion. '

As expected, the interaction of solar wind with Jovian
magnetic field results in a bow shock. The bow shock
was however detected at a comparatively large distance
of 108 Ri (Rj = radius of Jupiter). Magnetic field
in the outer region is highly complex and wvariable
due to the interaction with solar wind. The position
of bow shock also was highly variable. Infact, even
during the passage of Pioneer 10, the bow shock position
changed to a lower distance so that the space craft inter-
cepted the bow shock once again.

The field, as observed by Pioneer 10 below about
25 Rj, was found to be nearly dipolar and the field

measurements gave an estimated dipole moment wvalue
of 4.0 gauss Ri3. The dipole tilt was about 15° and
displaced from the centre of the planet by about 0.2 Ri .

The field has been found to be anti-parallel with respect
to the earth.

Pioneet 11 went still nearer to Jupiter upto a
distance of 0.6 Rj from the sutrface and the magnetic field

measutements point to a more complex field even nearer



