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ABSPRACT

4 thecretical derivation for the transmitted spectral lighﬁ
current distrivution from ap optical resonator is given taking
inte account the r_adiafing solid angle of the point light
source, From the energy law, the trapsmitted light current,
in case of no interference, was calculated to test this derived

‘spectral distribution,

(I) _INTRODUCIION

Lcst of the previous work in the rield of interference
of 1ishv aeals with the spectral light current density distri-
bution ¢f vhe resulting interference fringes, The calculations
are based on the assumption that the incident wave of & cerbain
amplitude(l) does not suffer any change due to the in?erse—
square law during its multi-reflections; i.e. the incident -
waves.igpgnsiﬁg s copsidered %o bLe equal ¥0 its optiesl
density, This a;;umption requires that the light source is '

illumingting the opticsl resonator with a unit solid angle.
i )

From the éxperimental,poinf of view, the optical set-
up system illuminates:the resopator in a given solid angle,

which is not, by necessity, equal to a unit solid angle.

Iz the literature(a) although it has been sssumed that

this angle is very small, but the optical resonator still
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transmitta within the sgo0lid egnzle a light current and not .
light current density. In the present work, the tranzmitted
spectral light current from an optical resonagtor when illumi-

nated within a given solid engle is theoretically calculated.

(IT)___ THEQRY
4s seen in Fig. (1), we consider a deformed point light
source illuminating an opticel Fabry-Perot resconator with a

current density (Io) in a s0lid angle { W) such that

@ > 4
[e+rzw@w-1>D ]2 '
where : {A) i3 The zrea of the collimating lens,
(a) is the distance oetveen the déformed point light
source and the collimating lens.
(W) is the effective number of the transuitted light
L (3

currznts from the resonzator
i"he value oo (I) can be calculated from:
I = 1/(1-1&) >
where H 1is thz reilection coefficient of the rirroygs wi the

resonabor,

¢

“Tor tha&gi%éﬁ radiating s01id angle (w), the transmitted

light current froa the rescnmator can be calculated for two

cases 1

1) Phe optical puth lengih (D) of the resongvor is larger
than the coherence length ¢f the incident light. In $iis
¢ase, no interference oceurs (4 & 5) and the'detector will be
affected by a lisht current (Lc) vwhieh ¢an be derived from a
sumn of partial light currents of different radiating solid

angles and of different light current densities; i.e. i
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> (1,4 IaR® T amt 1,4 R2(P-1)
L= (1-R) =t T -2t Iz
a (a + 2D) (a+ 4 D) [a + 2{n-1) D.]a
= 2(n - 1) '
or L =1 (1—R)2 i 3 : 1
e~ To éq-;__;_ '[:a+2_(n-l) Dja (1)

' 2) The optical patn length (D) of the resonator is smaller

than the ccherence length of the light.In this case the condition
for producing interference ig satisfied and the detector will be
affected by a light current of interference fringes which are
produced from the.interference of partial currents of wave
amplitudes of diflerent denmsities and of different solid angles,

i.e. ,

I a % I o ~N& : I, 4 T2
L,(8) = (1)r)2 ( == ) + -——0—2 - E.etC 4 -—-g—---a " x
a< {a + 2D)" (a + 4D)

. 3 _
52,e21€ T .. F To 4 - = R0l (n-1)i8 ? (2)
[a + 2 (n-1) D]"

where €/2 1is the piase shift of the wave per path. ILa. (2) can

be rewritien =3

L (g) (1 n.~2 g }!}2 o= lCO,;. (n-—l)_ Q )2 .
n=l a+ 2 (o-1) D

—

(2 ) a}éﬁn;l sin (D—l) a )i —63)
A._..,.“_- a

2 (n-1}) I

for testing eq. (3) we calculate the Average energy qua.utity—L—cfe)
) of the spectral 1light current I‘c {(6) frem the energy law.
Integrating Lc(g) over & and calculating the average energy

quantity, we zet
2ir

piacs 2{n-1)
. . 2 g AR
L 8) = .__ = - - =L (4’)
(8 el [ L,(e) a6 = I_(1-R) = [a+2(n—1)1)]2 o

Thus the averaze ensrgy quantity 'fc(o) zives the same energy

quantity of the light current (Lc) as in egq. (1) (.6).

Let us now consider that the defurzed point light source

illuminates the resonator in a solid angle such that
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< A _
[a+2(n-1)13]‘3

" In tris so0lid angle, all effective light currents

w

transmitted from the réscnator are collimsted by the lens.

As mentioned before, if we assume the case of no interference,

then the detector vill be affected by the sum of partial light

currents of different current densities but of the same radiat-

ipg eclid angle ( w ) 3

[ =)
- I A(1-m)?Z 1y
L, = ° 5 2 g2(e-1)
{a + 2 (n-1) DJ n=1
I a 2
L, = 2 — x -8
°F e {e+2 @m]}© IR (5)

I now the condition of interference excists, the detector will
be affected by the spectral light current ariszing Ifrom the sum
of partial currents of wave amplitudes of different currents

densities but of cthe same sclid angle {(w) ¢

gil}é (1-1) pe -t i(n-1) 6 2
O —

1. (6) =
¢ n=1, a+ 2 (§-1)D

TA(Ll-n2 "m ~

- K ol
- o > l‘ ei(n-l) (s} 2
[a + 2(n-1) D] l
I A

or L{8). = Dz x AL =R ) oo = (6)

'a‘“*+“-2'(1-:—1)D:|‘ 1-2 B cos © + R
{

In this case, it is seen that the spectral lieht currens:
hags the same distribution of the well—kﬁown Airy~-formula (l& 2)
vhicn deals with the speciral light current density distribut-
ion of the transmitted interference TFringes of a Faory - Peroy
resounator. .In his calculations, Airy assumed that the light
source is deformed to i1lluminaste the opoical resopater with a

unit solid angles.

From the point of view of the energy law ., we have @




- T =

I.00) = f WL (@ = L. o * §_aw?
a'ﬁ' 21?' [a+2(N l)DJ2 (1-2Rcos G-:-Raj

-

do

-_— I A 2
L (0) = 2 (L =~R)
o G(J [a+ 2 (n-1} D]2 * 1= g% 4 X

which is equal to L, in eq. (5).

The gpectral light current distributions for the two cases

according to eqs. 3 & 6 are illustrated in Fig. (2).

Fig. (3) shows the variation of the average transmitted
Spectrsl light current with the distance (a) of the point source
in the two cases when (w)} is 1) larger and ii) smaller or
sgual to ﬁ/ [d +2 (M-1) D] 2, It is seen that the everage
values of 1ight current calcula-ted from our theoretical
derivation are in good agreement with that of A:Lry type at
larger values of the distance (a). where the c=t:\lld a.ugle (w)

is smaller.

ITT CORCLUSION

Lne transmitted spectral light current distribution from
an optical resonator depends upon the redisting olid engle of
the point lizht sour¢e, The transmitted light current is of
A]_I‘ym— alstf:l;ﬂuﬂlon type, only when the -deformed point light

¥ S S

source lllumlnastes the optical resonator with a solid angle

{(w) such that

S |
w __é_: V4 [a+a.(1¢~1)_n:|2

Two different formula for the avergge btransmitted light

current are slsc found for the two cased vhen i

w > or _-é.-_ A/ [a+2(H—1)D] 2
‘therE-fore it is important in the experimental measurements
to take into account the radlating solid angle of the point light

source which illuminates the optical resonator.




1)

2)

3)

4)

5)

6)

— 72 —

IV -~ REFERENCES

Jenkins, F.A. and White, H.E. " Fundamentals of Optics"
Hew York, Toronto, London de Graw -~ Hill Book

Comp. Ine. (1957).

Tolansky, 5., " Xultiple - Beam Interferometry", London,

0.U.P. {1948),
Shawlow, iA.L. and Townes, G.H., Phys. dev, 112 (1958).

Zernike, F. Groningen. The ConcepT of Degree of Coherence
and its Application te Optilal Prablems " Physica,
Vol. 5 Hr. 8 (1938). T |

Hopkins, H.H. Fh. D., " The Concept of Partial Coherence
In Optics™ Communicated by Sir George Thomson,

F.2.8, {1951).

- E1-Ficklawy, I, and El-Dehemy, EK.A., ADnusl Heview QOF

Lniversity College Cf Girle, Vol. 1, Ein--Shams-

University, Under Presa (1975).




— T —

» .ug____;_l.

u"‘e}‘éol;)o-';")ﬁ'“d-*"‘-ﬂ“-.‘*i-’ G“-’LL”?_".;}-""

._;,Bliﬂi'pa:..d..:u *J ’ d_.._.h-l” .,a,.,_-,-.ld_.lf -J
TR PIETR PIPT ot il Lyl S1 2

o—2b Jsladlo adagaliastl abdl alli e WLl asas
=il il 2 NG LS sl gaadl o) e absldta sl o] Lzl
e 5..\_-.\7.“ 11.'..:..53...-9.-..3.5‘)' gial:)l 'U‘.‘i L;)*E‘]‘J‘L‘fﬂ]lo‘d“ﬂi:

RPN W T O] P T A IEY TRV T Y D P O EPSPR | | R [ PR
Vil gl Ve il g gl e

il daola i pe L Jatullo ad il gt ol oz S
. .;.'-__,.A..:....:;c.l J:‘t‘;..—-':u.”;.a'djjl!_‘,-:s ‘.‘ll

i s bt LI gl ntns Sty e Yo las o) ez el B
TSP | P PR PSR 1 B I { PR




—
e

— T —

!
!

M\K

I
|
1
1

a

R

T
I~

1.Point Light Source.
2_Resonotor. '
3_Collimating. lens.

4L_Detector.
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