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THE EXTERNAL FIELD OF A
RADIATING STAR IN GENERAL
RELATIVITY

froiss well known that the peneradization of
Sehwarzseluld’s  solution corresponding to the
external fleld of o raduding star b not yet
been obtiained.  The mternal fleld deseribes a
mixture of ptter and radiction. In the outer
field there s the expanding mner z2one of pure
radiation, with radius vy st e ) bheyond
which  the  emply  spave 0 deseribed by
Cohwnrzachilds stalie solubon The zone of
pure radiition wogiven by
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The equation that s most difficult td handle
corresponds to TW® 0, But il can be shown
to be equivalent to (i), The cquation of
continuity then leads to (i) and (iv) readily.
Thux, along the lines of {low of radiation m,
rboand repoave all conserved,  IL is worthy of
notice that e’ iy positive while 4 is negative.
This as well as the results (6) and (8) are
supggested by the Newlonian analogue.

The total cnergy of matter and radiation is
conserved,  mois o the  affeetive mass of  the
whole system at o poinl. The value of m at
the boundary v orp at t o1, i8 a constant, M.
At time ), for all values of r exceeeding ry, the
fleld is given by Scehwarzschild's  Hine-clement,
vorresponding to the  value M. Also i

FiMy when r €ry and £ 1, :

The new  results wre (1), (2), (6), (8).
Further details and  astronomical applications
are vonsidered oo paper to be published else-
whore,

My thunks are due to DProf. V. V. Narlikae
under whose guldance this work was done and
who showed me the vesull 8 (D).
Bepures Hindu University,
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PERMEABILITY AND HYDROLYSIS
OF SODIUM SOILS*

For many purposes a correet idea of the effect-
fveness of leaching an alkall soil is necoessary,
For iastance, in reeclamation work leaching 8
aften practised though we do net know how
long it will take to remove the evil influences

¢ Phiv work was cwrded  out under the ansploes of
the Drdgation Reseanh Scetion, VWD, UE Govern-
ment.
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of oxchangeable sodium.  The futility of this
process has been emphasised by various work-
ers,!' but few have attempted to study it
mathematically.  The following short note is
meant to indicate the changes in permeability
and its relation to the content of exchangeable
sodium due to leaching a soil with water.

A sodium soil in contacet with water wuder-
goes hydrolysis, sodium hydroxide and hydvo-
gen soil being produced.

Z'NatHOH« Z]-H |- NaQH 1

Under leaching conditions, the exchangeable
rodium s gradually replaced  from the soil
complex and its place is taken more-and more
by cxchangeable hydrogen, with a consequent
increase in the permeability of the soil,

In order to see how the rate of percolation
of water changes with gradual replacement of
exchangeable sodium by hydrogen, pure sodium
soil  was prepared by leaching it first with
005N HC! and then with normal solution of
sodium chloride, The cxcess reagents were
removed by washing with water followed by
washing with alcohel.  The resulting sodium
saturated soil was then treated with different
amounts of dilute hydrochloric acid so as to
introduce different quantities of exchangeable
hydrogen in the exchange complex. The
excess reagents again were removed by wash-
ing with water and finally with alcohol. These
solls were analysed for the Na-content and
then -subjected to permcability tests.
different soils were studied.

It iy found that the permeability of hydro-
gen-sodium soils increases in a regular man-
ner with the ratio of exchangeable hydrogen
to basc exchange capacity. If vy is the rate of
percolation of water in cms. per hour, H the
quantity of exchangeable hydrogen in milli-
cquivalents per 100 gms. of soil, and ‘B’ the
base coxchange capacity in m.c., then the fol-
lowing relation is found to hold good.

K Ke? (u)m (2)

K and n are constanls. Table I refers to the
rogults obtained in the case of one soil.

TapLe I

r (observed (calcuated)
HIn J (c“m“.,/hl'. : ’ ems. /hr,
1 0+90 ()84 <0064
2 0-81 (60 <059
: (-7 <QObh + (56
4 0+ 60 070 <050
h ()48 (4D <045
) 0-28 <038 <037
7 0-09 <036 036
8 004 <032 <031
9 0:00 (32 " <030
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The observed rates of percolation agree with
the calculated ones. In the case of fully satu-
rated sodium soils the calculated rates are a
little low. This is probably due to hydrolysis:
which a pure sodium soil undergoes, readily
in contact with water. The end value of vy

Letters to the Editor

Three

[Cur’rent .
Science

which is also the value for the constant K

‘of equation (2) is cbtained by extrapolation

with the help of the equation. The values of
the constants K and n together with other
constants for three soils are given in Table II.

TaBLE II
Soil No. | Clay content B K #
13 * 21-83 10-0 0300 0-84
12 27-44- 14.8 -0095 1-22
5 2760 20-5 <0024 *60

The time required for a definite amount of
exchangeable sodium to be released from the
soil can be computed as follows.

The rate of loss of sodium from the exchange
complex should depend on the quantity of
exchangeable scdium and on the quantity of
water, which in leaching conditions means the
rate at which water percolates through the

soil. © The following differential equation is,
therefore, necessary. v
' d (Na
L) - — K (Na)y 3)

In order to determine the integration con-
stant K, sets of percolation tubes were fitted
in which pure sodium soil was kept in contact
with  water for months together. The rate‘of
percolation and the content of exchangeable
sodium were found out from time to time.
The difference in the sodium content per hour

. . d(Na)
approximates to the expression —ar
ing the sodium content and corresponding
rates of percolation, constant K, can be evalu-
ated. Table III gives the wvalue of the con-
stants in the case of two soils. )

Know- .

TasLE III
Soil 13
Na Leaching | 7 (Na) "
(m.e./100 | period 7 ¥ X,
gms.) in hours
10:00 * 0 = -032 -
9.93 - T44 9-4Xx107% | -032 | 2:9X10~*
9-80 1392 9-3%x1075 | 032 | 2-9x 10~
9-70 1080 9.2X107% | -033 | 3:0X10~*
Soil 12
14-80 0o | - -009 —
14-74 1560 - | 3-84X1075 | -009 | 2-9 X10~*
14-69 1344 | 3.72X10™% | .011 | 2-8 X107}
14-62 1464 | 4-78X1075 | 011 | 3-0X10~
14-55 1488 4:70X107% | -011 | 2-9X10~*

“The values of K, are practically the same in
the two cases.
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Substituting the value of y from (2), Equa~
tion (3) can be rewritten as: .
4D~ g, (Na) Rer 09 (4)
Since (H) =B~ (Na),
@»»%ﬂ)- = —K; (Na) Ke” e (*)1® (5)
or @_ﬁ%ﬂ = Ky (Na) e~#izxa)m (6)

The equation (6) can now be integrated
(equation 7) and the approximate time for a
definite stage of hydrolysis can be calculated.

Najyo 9 2
[log (Na)-vfﬂ(ga) + & ‘fm
Naw B%22
n*(Na)®
B33|_3‘ + -

Kat

Na( and Nap represent sodium contents at
the beginning and at the end of time t.

The series on the right is convergent.
Making use of the first five terms only and
substituting for different constants for two
soils we get the following values:

Time for
509, hydrolysis

Time for
total hydrolysis

Soil 13
Soil 12

423 vears

11-63 years
1240 years

49:62 years

It should be noted that the rate of hydroly-
sis increases with the rate at which products
of reaction are removed. In other words
hydrolysis will be faster the greater the rate
of percclation. It has also been observed that
the rate of percolation is inversely propor-
tional to the clay content and the base ex-
change capacity.* Hence the hydrolysis will be
more pronounced in soils which are poor in
clay centent and of low exchange capacity,

Under field conditions a number of exchange
reactions may take part along with those con-
templated above. For instance, many alkali
soils have a reserve of CaCQ., and the process
of ‘hydrolysis’ is usually combined’ with the
process of ‘caleification’. The natural condi-
tions in the field present a variety of such
combinations. Further the greater compact-
ness of the soil in the fields will tend to make
the process of hydrolysis much slower than
under laboratory conditions.

Chemistry Department,
Lucknow University,
April 6, 1943.

M. R. NAvar,
K. P. SHUKLA.

1. Leather, Report of Usar T.and Reclamation in U.P.,

42, p. 4.
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THE NATURE OF THE TEA OXIDASE
SYSTEM

THE cytochrome . theory of tea fermentation
advanced by Roberts’:® has not been substan-
tiated so far by any direct evidence for the
presence of cytochrome and cytochrome oxidase
in tea leaf. A closer investigation of this
aspect of the problem based on spectroscopic
and manometric determinations has recently
given results guite contrary to those of Roberts.

Cytochrome.—Spectroscopically cytochrome is
easily detected in the reduced state by its
characteristic absorption spectrum. In tea, by
observing the cytochrome ‘b’ band, Roberts
claims to have demonstrated the presence of
cytochrome, not in the leaf, but in the hasal
portions of the stem. In choosing this fissue
for observation his object was. probably to
exclude any interference from chlorophyll. In
my examination of this tissue in finely ground
suspensions and with added succinate or
Na,S,0, 1 could obtain no indication whatever
for the presence of cytochrome. Similarly
when other tissues of the tea plant were sepa-
rately collected and tested none of them dis-
played any specific cytochrome bands.

Extraction of chlorophyll and tannin from
leaf by acetone would eliminate their interfer-
ence with the detection of cytochrome. Thus
Yakushiji® has reported the presence of a-bands
of cytochromes b and ¢ in acetone-extracted
spinach leaves. No cytochrome could, however,
be detected in the acetone-extracted tea leaves
and attempts to prepare cytochrome C from
such material by the method of Keilin and
Hartreet yielded only negative results.

There was again no spectroscopic evidence
for the presence of cytochrome. in highly active
and concentrated solutions of tea enzyme in
which cytochrome must be expected if the ob-
served activity were due to the cytochrome
system. Selective absorption was absent both
in the ultraviolet and the visible regions of the
spectrum.

Cytochrome Owidase—Preparations of cyto-
chrome oxidase from goat heart muscle readily
oxidised cytochrome C, such oxidation being
denoted by the disappearance of the reduced
cytochrome C spectrum. But a tea oxidase
preparation which was highly active on cate-
chol (— Qo.=170) failed to oxidise cyto-
chrome, reduced by Pd and H,, and its spectral
characteristics persisted for a considerable
period in presence of the enzyme. In the pre-
paration of this enzyme our earlier method was
further refined so as to minimise the inactivat-
ing effect of acetone on cytochrome oxidase,
the acetone extraction being carried out rapidly
at — 20° C. The leaf powder was then extract-
ed with buffer at pH 7-0 and purified by,
fractional saturation with' (NH,),SO, and di-
alysis. A suspension of the insoluble leaf
residue gave results similar to those of soluble
enzyme and it is clear that cytochrome oxidase

. is completely absent in both.
1014, 2, Nayar and Shukla, Zroc. Indian Se. Congress,

Corroborative evidence against the cyto-

' chrome theory was further obtained by O,

uptake measurements as given below.



