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BHATNAGAR

ON LINEAR ESTIMATION AND
TESTING OF HYPOTHESIS

1. THE object of the present note is to con-
sider the most general problem in the theory
of linear estimatiion and get suitable generali-
sations of Markoff’s theorem and to derive
suitable tests of significance connected with
estimated functions.

2. There are n stochastic variates Ty, Ty, ...
T, with the-variance and covariance matrix
A = ({3)) such that

E(Ty) =6 =ay m+aig b eneotlimmm (2°1)

and m not necessarily less than n. Some of
the 7’s may be regression constants in which
case their coefficients will be functions of con-
comitant variates. Wewant a linear function
L(T)="b;T;+ baTg+-..... + b,Tn such that
E{L(T}=6=1Ur +lra+...... + lntm, @ given
parametric function and V {L (T) } is minimum,
If L(T) can be found to possess such properties
then it is called the best estimate of 4.

3. It has been shown that the set of equa-
tions

mn
Qi=L;A™? y'=j§1 LiA*Limi=h; (3.1)

(i=1, 2,.. m), where L; and y are the row
matrices (aii, G2i,--..Qy) and (Ty, Tay----Th)
and the dash represents their transpose
obtained by minimising

L =224 (T;—6;) (T;—86;), (3-2)

(i) Variance of Q; is the coefficient of r
in the ith equation ;

(ii) Covariance of Q; and Q; is the co-
efficient of r, in the ith equation ;-

(iii) If = ¢; Q; = 0, then the parametric
function £ ¢;7; is not estimable ;

(iv) If 2 a,Q;and 2 b; Q; are the estimates
of 2 l;r;and = m; 7, then their varian-
ces and covariances are given by

(E al ¥ bl )
Zam Zbm
(v) The number of estimable parametric
funetions is equal to the number of
functionally independent Q’s.
fvi) An intrinsic property is that all the
above five properties hold good even
with a subset of the equations obtain-
ed by eliminating one or more r’s.
(vii) The best estimate of any estimable
parametric function 2 lr is unique
and is obtained by substituting any
particular solution for +’s obtained by
solving the equations (3-1) or any set
of equations derived from it; and so
also the expressions for the variances
and covariances.
5. If we want to test the hypothesis ¥ 1r=¢

then we construct the statistic

2cQ ¢
Vel
where ¥ ¢Q is the estimate of £ I+ and refer

w‘:

the normal tables for tests of significance. If
we want to test the composite hypothesis

i=3ljry=1#£;,1=1,2,.. k we take a linear
compound of these k relations

22 (@i— )
with the corresponding estimate
22 (Z ey Q— ) =2 NP;

where A% are the elements of A, are such that
Q: is the best estimate of h; and the best
estimate of 6 is given by =T ¢; Q; where ¢’s are
such that 8 =3 c;hi.  If the-rank of the matrix
of the equations (3.1) is less than m, then all
parametric functions are not estimable

4. The set of equations (3.1) possesses the
following properties.
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and variance ¥ 2 ); A; Vi; where Vi; = cov (P;Pj)
and construct the above statistic

2 MBPi
VEZ 205 Vi

We choose the compounding coefficients such
that V¥ is maximun. This leads to the deter-
minental equation

|P; P; -V Vil = 0.
on the non-null

The distribution of V*
hypothesis is obtained as

_v k=t
Const-e 2 (V%) 2 I, (V¢)d V2

on the assumption that the y’s form a multi-
variate normal system. The necessary statis-
tics, when the variances and co-variances are
not known are obtained by studentising the
ab_ove statistics. Some of the important dis-
tributions will be discussed in a paper to be
published in full elsewhere.

C. RADHAKRISHNA Rao.

Statistical Laboratory,
Presidency College,
Calcutta.

April 4th, 1944.

ACTIVATION OF NITROGEN AT
LIQUID AIR TEMPERATURE

THE behaviour of active nitrogen is remarkable
towards heat. The disappearance of its after-
glow on heating, first noticed by Lord Rayleight
has been found by us to be subject to the
pressure conditions of the activated gas:® the
quenching temperature is increased by an in-
crease of the gas pressure” Rayleigh also
observed that if a stream of active nitrogen is
led through a tube cooled by liguid air, the
after-glow is quenched.l! Our recent results
show that the occurrence of this quenching
also depends upon the magnitude of the gas
pressure; when this last was raised above
40 mm., the glowing nitrogen escaped the
Rayleigh quenching produced, at say 15 mm.
under the same conditions. .

Attempts were next made to minimise a
possible insufficiency in the cooling of the gas
at high pressures. The nitrogen was streamed
through spirals, in all about 3 yards long,
cooled by liquid air. The last spiral sur-
rounded the Crooke’s tube used for the nitro-
gen activation by electrical discharge. With
the discharge tube under liquid air, it was
remarkable to observe that the Rayleigh quen-
ching of the nitrogen after-glow did not occur,
at even such small pressures of about 1 mm,,
at which, under normal conditions, it was
easily produced.

An interesting result was now observed
when the gas pressure was reduced beyond
0-1 mm. An after-glow of 15-17 minutes’
duration was produced; platinum and alumi-
nium e®ectrodes were used.. Starting with
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fresh electrodes, both the intensity and dura-
tion of the after-glow increased markedly swith
repeated discharges. Results were in essence
the same with pure nitrogen and with an ad-
mixture of 0-8 per cent. of oxygen, except
for the fact that with the latter a greater num-
ber of ‘discharges were necessary than with
pure nitrogen, to produce this long after-glow;
it was not observed if the gas pressure was
reduced to that due to a Topler. This long
after-glow could not be ascribed to activated
vapour of mercury or that of the pump oil,
since there were liquid air ftraps on -either
side of the discharge tube. Observations with
a direct vision spectroscope showed that this
long after-glow was a nitrogen emission; be-
sides, it was not observed when the nitrogen
was replaced by air, hydrogen or carbon di-
oxide, other conditions being unaltered. Cool-
ing by liquid air during activation is more
favourable than an elaborate . pre-cooling
before exposure to discharge, for the produc-
tion of this long after-glow. That on the
cessation of the discharge and after allowing
the temperature of the system to rise, there
ensues a sensible rise of pressure, suggests
that a ‘clean up’ or adsorption of the nitrogen
on the electrodes is a possible factor in the
occurrence of this phenomenon.

Chemistry Department,

Benares Hindu University, S. S. JosHI.

May 10, 1944. A. PURUSHOTHAM.

1. Strutt, R. J., Proc. Roy. Sec., 1911, A 85, 21929,
2, Joshi and Purushotham, Proc. [nd. dcad. Sci., 1944,
A 19, 159-62.

A SHORT NOTE ON THE INFRA
TRAPS OF KOTAH STATE

RECENTLY the writers had been to Kotah State
in connection with the mineral survey of the
State. There they studied a formation which
has been referred to and mapped as Infra
Trap in the old G.S.I. map. This lies over the
Vindhyans and is below the trap. Its thick-
ness is much variable being from a few feet
to about 100 feet. The formation consists of
a hard cherty silicious rock probably formed
by the deposition of the volcanic ash in the
lakes existing at that time. It appears that
the rocks of this formation were deposited just
before the outpouring of the lava. In this
formation the authors have found fossils, both
animal and plant. The animal fossil probably
seems to be the jaw of some reptilian group
and the plant fossil showing sporo-carps,
spores, etc., are probably of the Marsiliaces
group. As far as the authors are aware this
is the first locality where the fossils have been
found just below the trap in Rajputana. The
fauna and flora revealed are quite interesting.
Detailed work is going on and the results will
be published later.
Benares Hindu University,
April 27, 1944.

V. S. Dusky.
Y. K. AGRAWAL.



