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INVARJANT CHARACTERIZATION FOR
NULL ELECTROMAGNETIC FIELDS IN
GENERAL RELATIVITY®

A NECESSaryY and sufficient condition for a projectively-
flat space-time to represent a null electromagnetic
field is given.

Prasanna® has defined aninvariant A = R, F"* F'*
characterizing the gravitation through the curvature
tensor Ry and the electromagnetism through the
field tensor F;. It is hoped that such an invariant
will play an important role in formulating a satis-
factory unified theory of electromagnetism and gravi-
tation. In terms of this invariant, Prasanna has given
a necessary and suffictent condition for a conformally
flat space-time to represent a null electromagnetic
ficld.

In this note, using this invariant, we shall prove
the following,

Theorem: A projectively-flat space-time represents a
null electromagnetic field if A =0 and conversely.

Proof : Since the space-time is projectively-flat,

therefore, by definition the rrojective curvature
tensor 18 zero. Hence, we have
R}“jfc i % (gffk Rfj — &1 R{k]' (1)

The invariant A = Ry;;, F* F*% thus becomes
=5 (g Ry — g Ri) F T (2)

But for null electromagnetic fields, it is known that!

Ry = 2F,, Y. (3)
Therefore (2) becomes
A= §(F,FiF — F FIF)
= {Fy, Py F}) (4)

as p, ¢, j and k are dummy indices. Alsa, for null

c¢leciromagnetic ficlds, we have?

P -0, or I FF] —0. (5)

From (5), we have A -0,

Now conversely, since A- 0, therefore 19 | d F,{ 0,
Hence the field is nutl,  This completes the proof of
the theorem.,

It is known tha! the plane wave clectromagnetie
ficlds arc always null, therefore we have

Corollury : The projectively-llat space-time  repre-
sents the ficld of a4 plane clectremagnetic wave if the
invariant A - Q.

Remark : The conharmonic and concircular cur-
vature tensors are defined as

Lyije = Rypije — ‘12“ (g4 Ry — g1y Rix + &n2 R-i;i
— &1 R}aj)' (6)

R
Mhm = Rms.rc — 12 (& ne i — gh,&"’m)-

™M
From (6) and (7) wsing (3) and (5) it can easily be
proved that the above theorem also holds for con-
harmonically—and concircularly—flat space-times.

The author is grateful to the referee for a simplifica-
tion in eguation (4).
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ROTATIONAL ANALYSIS OF THE A-X SYSTEM
OF THE CuCl MOLECULE

CuCl is known to have seven band systems all in the
visible region and all degraded to red. Ritschi® made
detailed investigations of the A, B, C, D and E systems
of CuCl in absorption. Bloomenthal®* photographed
the F system under low dispersion. A thorough
investigation of the coarse structure of all the systems
was made by Rao and Brodyd. Rao and Brody?
showed that all these systems involve the same lower
level which is the ground WY state of CuCl. The rota-
{ional analysis of the different systemis of this mole-
cule is complicated due to the fact that the natural
CuCl is a punture of four isotopic species (Cu ¥1Cl,
BCY SCHL SICu *CL, B Cu PO with abundanee  ratio
1 :2:3:7). Taking the sotoptie molecule Cust Cie
Rao er alb analysed the retational structure in the
B, C, N, and I systems of this nmwlecule and cone-
fitmed the nature of the states. The A system of CuCl
which is weak relative to the other systems and s
packed with a great deat of overlapping of structwne
due 1o the closely Lying bonds of 1ty scquences could
not be aalysed by these workers. Nair and Upadhya®
photopraphed the A system in the Ist order of 2 10°6 m
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concave grating spectropraph with a  dispersion of
0-7 A'mm and calculated the constants for the A
and X states using the head origin separation relation.
Wwe have succeeded in photomaphing this system in
the 2nd order of the same grating spectrograph at
higher resclution (dispersion of 0-33A/mm) and have
analysed the rotational structure in the (0,1), (0,0) and
(1.0) bands of the system In detail. In the present
commuuication we report the results of our analysis.

A spec pure sample of CuCl (Ridel make) was taken
in an electrodeless discharge tube made up of quartz
and the bands were excited by a 125 watt 2450 mc/sec.
Raytheon micronave oscillator. The overlapp.ng of
structure due to sequence bands and the Iess abundant
isotopes was avoided to some exient by adjusting the
time of exposure. As the system 1s very weak an
exposure of 30 hours on ORWO rapid 400 ASA pan-
chromatic film was found necessary for recording the
structure with good intensity. Iron arc spectrum was
used as the comparison spectrum. The probable
error in the measurement is estimated to be + 0-04cm™
for unblended lines.

The rotational structure in the (0,1) (0,0) and the
(1,0) band is well resolved and was found suitable
for measurement. The (0,0) band shows two heads,
R and Q, while the other two bards reveal four heads
—the R and Q due to Cuf® C]* and the R and Q du¢
t¢ Cu® Ci% (the Q head of 1,0 band of Cuf® CI* is
however masked by a strong copper line). In all the
bands three branches R, Q and P are found to be
present of which the Q branch is the most intense.
Though near the head there is some cverlapping the
structure is well resolved towards higher J. A por-
tion of the (0,0) bandisshown in Fig. 1. The presence
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Fic. 1. A part of the (0,0} band of the A-X
system of the CuC] molecule.
of two heads and three branches indicate that

the transition of this system must involve A A = 4 L.
It is well known from vibratienal analysis that the lower
state of the A system of this molecule is its ground
state which is a ¥ state. The A state is therefore
assigned as a Il state and the transition as 1J]-'~,
The /\ doubling is found to be appreciable and shows
significantly as a combination defect. The procedure
of analysis and J assignment adopted is the same as
suggested by Herzberg’. The lower state constants
obtained from the present analysis agree excellently
with the microwave values given by Manson ef al®,
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The various constants determined are tabulated in

Table 1.
TABLE |

Melecular constants of the A-X system of the
CuCl molecule

Upper state Lower state

Be (cm™) 0-1679 0-1783
De (cm-1) I-1 % 107 1-3 x 107
ge (cm1) 0-0003 06 0010
q 0-0007 (5) .o
vor (Cmy 1) 18579-90
Voo (Ci™1) 18694-10
vip (cm™) 19403-09

Laser and Spectrescopy Laboratory, G. P. MiISHRA.
Department of Physics, S. B. RaL
Banaras Hindu University, K. N. UPADHYA.
Varanast 221 003,

November 28, 1978.

1. Ritschl, R., Z. Physik., 1927, 42, 172

2. Bloomenthal, S., Phys. Rev., 1938, 54, 498.

3. Ram-Koteswar Rao, P. and Brody, J. K., J.
Chem. Phys., 1961, 358, 776.

4. —, Asundi, R. K. and Brody, J. K., Can. J. Phys.,
1962, 40, 412, 423 and 1443.

5. Nair, K. P. R, and Upadhya, K. N., Cwr, Sci.,
1967, 36, 535.

6. Rao, P. M. R. and Rao,
Lerters., 1974, 7 (9), 463.

7. Herzberg, G., Spectra of Diatomic Molecules,
D. Van Nostrand Co., Inc., New York, 1950.

8. Manson, E. L., De Lucia, F. C. and Gordy Walter,
J. Chem. Phys., 1975, 62, 1010,

P. R. K., Spectros.

- p—— =

THE CRYSTAL STRUCTURE OF GLYCINE
ORTHOPHOSPHATE

Tars is a preliminary note reporting the atomic
coordinates mn the crystal structure of glycine ortho-
phosphate.

Single crystals of glycine crthophosphate (NH.CH,
COOH . H,PO,) were grown from a saturated aqueous
solution containing glycine and crthophosphoric acid
in stoichiometric proportions. The crystal data are

as follows: a4=9-63, b=7-89, c¢c=924A,
B=114°, V = 641-4 A%, F.W. =173-06gm, D__ =
1-78 gm. com™3, D, =179 gm. com?Z =4,

p (CuKa) = 37-41cm-L, Space group : P2;/C.

The three-dimensional intensity data (hKl, K =0
to 7, pr =0-37; Ak, L =0 and 1, pr = 0-36) were



