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ABSTRACT. A rigorous theorv has heen given for the limit of interference in Lummer

Gehrcke plate, transmission and refiection echelons and the grating on the lines of Saha's
treatment for Fabry-Perot interferometer.

INTRODUCTION

The theoty of the limit of interf.rence in optical instruments has been
worked out by Lippich (1870), Schonrock (1go6) and Rayleigh (1915). “I'hey
have shown that when the pressure is small, the critical distance D (or the
limit of interference) is connected by the following formula with the
wavelength A of light, the temperature T of the tube and mass M of the
emission centres.

D _ M

However, their value of .4 was deduced from approximate and not
altogether satisfactory theoretical considerations. Saha (1917) gave a
rigorous solution for the case of Tabry-Perot interferometer taking into
account the infinite number of interfering beams and the effect of reflection.
Gilchrist (1926) has discussed the case of Lummer Gehrcke plate but has
neglected the term 4a* sin® (N3/2), thercby getting the same result as Saha.
In the presenmt communication a rigorous theory has been developed for the
cases of Lummer Gehrcke plate, transmission and reflection echelons and

the grating.
DEDUCTION OF THE FORMULA

The general expression for intensity in case of the above mentioned
instrumeants is given by
~a¥)? + 4a¥ sin *(NS
I=1, (1__@_)_::_411__5:_1112’(?\] [2) . (2)
(1~a)®+4a sin *{8/2)

=27
where 8= AA

A is the path difference between two consecutive interfering beams.
N is the number of interfering beams.
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and « is equal to
(i) Re~¥tseer jn case of Lummer Gehrcke Plate {Sodha, 1952).
R =reflection coefficient
k’=intensity absorption coefficient.
t=thickness of plate
r=angle of refraction.
(i)  ¢~¥!* in case of Transmission echelon (Sodha, 1953)
k’=intensity absorption cocfficient
t =height of the step of the echelon
{4ii) 1 in case of reflection echelon
(iv) 1 in case of grating.
The number of paiticles having their velocity between v and v-+dv is
Ae 8" dv, and the frequeuncy of radiation emitted by these particlesisv(1 +v/¢)
where v is the frequency of light emitted by the particles at rest. In the
expression for retardation in phase, we must, therefore, replace A by

)\/(1+ 3) and write 2313(1+'U ) in place of ﬂé
c A c A

The intensity of light emitted by molecules having their velocity
between v and v+ dv is

(1—aV)?+4a" sin”{y—S (1+7v/c)
dl=B. . 2 _ T LemBtgy o (3)
(r=a}?+qasin*{id/2)(x +v/c)}

The total intensity

+o (1 —q¥)2+ 4a¥ sin’{ N3 (1+7v/¢c) }
2

1=B e=8dy ()

2o (1—a)*+4asin¥(8/2)(1+ v/c)}
We have by trigonometric expansion

1—a?

T 7aces 54 a®) =1+2acosd+2a°cos28+ ... .. (5)
Further, we have
+ a0
s . & .
fc‘ﬁ” dvsin "2 =¢ . (©)
+@ I
8 p __l__ n?
fe“/""d‘v cos n’; = %—e ;3( ) e ()
-

The integral (4) can be broken up into two integrals.

_eTPdy

+®
Fiist integral= B(r —aV)?

8 ,
“w(r—a)’+4a sin’{; (x +'v/c)}
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too —Bv?
= B(1—aV)? e~ fdy
ki
il 1—"ac058( + )+a

B(x~—a" I
e do Nt ~(1[{B)ns () >
[—a® \ [f 142 Xgte B0V eos no (8)

by using (5), (6) and (7).

. 2 N3 |
sin? YO (1 + @ )u“"“'d:v
2 c
I
1—2a Cos?;(x + C-)+u"’
BaN ) -
—4—-‘5 y f\l-*- 254" cos nd (x + 1 )I‘— sin® N8 (1 +-° )c’”"dv
C 2 Y
3a¥ . 2 N8 )
= aBa’ ah f sin” N (1 v )c'/""d'u
1—a 2 ¢
+ 2 f‘.(a cos nd (1 + Y ) sin® Na (1 +
¢ 2
N i ,
= ‘43""1—2 [f f{l—'COS N3(1 + ° )}c“’" dv
1—a ¢
+ Za” f cos nd (1 4 F ){1 — 0% NS(I + z )}("/‘“"d?' J
C
Nér

N ‘ .
— . 4Ba 3 fe‘”“dv-— 3 f cos N& cos _éi e~ do

I—a"

Second intcgral=4Ba"’f

~

)c-”‘.di’ }

+3 _[ sin N§& sin Now —pgy y San f cos r:5(1 + )L"“"’dv
[ «
. , A
—Za" f cos 118(1 + 7 )cos NS(I + )c‘-“‘ dv
[ C

4Ba [%\/—~-'}nosN8 \/ e~ (LIBI(Ne ()" 4 Sq Cos,,s\/ e—(LiBion )

—33a" fcos (N +n)d (1 + j’ )c"ﬁ"'dv

— 33" fcos (N —n)d (I + —%—)e'”"’dv ‘ ‘
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1—a

N - - —
=—A—Ba—”' [i\/g —i\/%COSNSV(Hﬂ”N””'-P \/—/’;—E a" cos nd e =\ /B)Knd /o)
—
- * cos T =B [(N+n)5 [}
134" cos (N+n)8\,ﬁ‘ e= 1] y

~ 334" cos (N - n)S\I-% e~ O IB[{N—m)s [op l e Q)
Hence the total expression for intensity is

—aM: iz
I=B. (I_azL \/_; [I + 23a"e /B8 [0) nog ng]
1—-a )

2Ba¥

| w
1—a® \'E

+

1—cos N8 g~ (/BN )4 233" cos nd ¢ ~(1/BnE [

L

—2a" cos (N+n)8 ¢~ (/A {(N+mi[cf —Fp" cos (N =n)8 ¢~ [BI{N-m) (e} :l

(10)

. . )
I will be maximum, when —=mn or §=2mn
2

o

. - é o
I will be minimum, when = (2m +1) — or 8=(2m+1)7
2 2

— gqN)2 o N
Bl1~a)* \/; and E= —flj‘22~ \/% and neglecting higher

Putting D=-

)

1——a"
terms in ae~/AG [ and ¢~ /BGE () because —(1/B8)(8/c)* ~ 10" and a < 1,
we have
Lioax=D[1+ 2a¢ =V /BG[] 4 k1 +2ae~UIBOG{) —gN-1, -0 [B)G ()
_aN_.aN+]e -1/ [r:)’]
Tmin=D[1—2ae = QIAG=*] L E[1—2ae = (AG) 4 gN=lg=( B & (e}
—aN +gN+le- 0BG
Hence the visibility

I nx'—] in
| L B
Imnx + Imin

D.qae= (86 4 E{gae =0 (B G1c) = qqN-1o =BG [0V _pqN+1p =0 [B)(F /o))
2D +2E—2E.a"

—g2N-2
=2ae—u/m<s/o)'[_1__.£h2xl v (11)

?
I—a

="
Now B 5T
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m=weight of radiant atoms in gms.

k=Boltzmann constant

T =temperature in absolute scale.
Then we have

A ¢ m 201 —a*N"2
or ‘i"‘ - f ; log'.. V"(——I——am‘) vee (12)

(i) Lummer Gelircke plate: Putting a=Re™** " in cxpression (12), we get

A_¢ / m “lw— aRe-FtrecT Cr RUN=2 —(2N=2)L't wec 1
- = - —- 10 e et
A an N oRT OB Vv [ T ROV -2NI L vee ¢ ] (3)

(i) Transmission echelon: a=¢ ¥t/?

A o \/ P S e ST
—A“ '—2';1. Q-k:l‘ log' ‘, ‘[ i‘; et.ﬁf:'f ] (14)
(iti) Reflection echelon:
A ¢ [m 2(N~-1)
A 2}\127:’—1‘ log. = N (r5)

(iv) For grating also expression (15) holds.
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