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ABIPRACT

4 theoretical derivation for the transmitted spectral lighﬁ
current distrivution from ap optical resonstor is glven taking
into aceccunt the radiafing solid angle of the point light
source. From the energy law, the transmitived light current,
in case of no interference, was calculated to test thisg derived

‘spectral distribution.

(1)  INTR0DUCIION

lcst of The previous work in the rield of interference
of 1ishT aesls with the spectrai light current density distri-
bution ¢ tlhe resulting interference fringes. The calculations
are based on tne assumption that the incident wave of & certain
amplitude(lJ does not suffer any change due to the in?erse—
square law during its multi-reflections; i.e, the incident -
waves‘igpgnsigg s considered Yo be equal ¥b its optical

density. This assumption requires that the light source is

illuminagting the cpticel resonator with a unit solid angle.
b :

From the éxperimental_poinf of view, the opticsl set~
up system illuminates the resonator in a given solid angle,

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

In the literature(®) although it has been sssumed bhat

this angle is very small, but the optical resecnator still
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transuitts within the solid enzle a llght current apnd not
light current density. In the present work, the transmitted
spectral light current from an optical resonator when illumi-

pated within a given solid aengle is thecretically calculated.

(1T THECRY
As seen 1n Fig. (1), we consider a deformed point light
source illuminating’ an optical Febry-Perot rescopnater with a

current density (IO) in a so0lid angle { W) such that

@ > 4
[e+2@-1D ]°
vwhere : {(A) i3 the zrea of the collimating lens,
(a) is the distvance oetween the défomed point light
source and the collimating lens.
() is the effective opumber of the tramsuitted light
L (3

currents from the resonztor
the value ol (1) can be calculated Lfxom:
N = 1/(1 - 1%)

where R is the rerlection coeftficient of the rmirroro orl the

resonator,

i

“TFor thaixfyen radiiting solid anmgle (w), the trunsnitted

lizht current freca the rescooator c¢an be calculated foxr two

cases @

1) Phe optical puth lengih (D) of the reconavor is larger
than the ccherence length of the incident light. In tiis
¢case, no interference ocecurs (% & 5) and thé detector will be
affected by a lisht current (Lc) which can be derived from a
sum of partial ligbkt currents of different radiating solid

angles and of different light current densities; i.e. 1
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> |14 IaRS 1 amt 1,4 r2(P-1)
L= (1-R) =t T -2t Iz
a (a + 2D) (a+ 4 D) [% + 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 whieh are
produced from the.interference of partial currents of wave
amplitudes of diflerent denmsities and of different solid angles,

i.e. ,

I a % RN A ; I, A %
L,(8) = (1)r)2 ( == ) + -——0—2 - E.etC 4 -—-g—---a " x
a< {a + 2Dn)° (a + 4D)

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

wvhere €/2 1is the piase suift of tue wave per path. Ea. (2) can

be rewritien =3

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

n=1 a+ 2 {n-1)D

—

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

2 (o-1) I

for testing eq. (3) we calculate the Average energy qua.utity—L—cfe)
) of the spectral 1light current I‘c (@) frem the energy law.
Integrating Lc(g) over & and caleulating 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)D]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 deformed point light source

illuminates the resonator in a solid angle such that
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< A '
[a+2(N—l)D]a

*In tkis solid anple, all effective light currenots

w

transmitted from the rescnator are collimzted by the lens.
As mentioned before, if we assume the case of no interference,
then the detector vill be affected by the sum of partisl light
currents of different current densivies but of the ssme radiat-
ing e0lid apgle ( w ) :
: 2 0
I,4(1~-R) g 2(n-1)
Lc = 5 K
[a + 2 (n-1) D_]
I, & N (1 - R)
{e +2 @-10]° 1 - ®°

or L,.= (5)
If now the condition of ioverference excists, The detector will
be affected by the spectral light current arizing Irom the sum
of partisl currents of wave amplitudes of difterent currenis

densities but of che same solic angle {(w)

[= =] P q
. % .o-1 i(n-1) 6 2
L,(8) = | & 17 (1-x) —£&
= n=1 a+ 2 (W-1)D
N2 (oo -
- 1,4 (1 -1 . FZ B, Gin-1) @ |2
[a P Z(D—l) D] 2 n=1
T A
== 1 - H )‘ﬂ"‘
or L <8). = —=>= = X (6)
c [a‘ﬁ“é(ﬂ-l)n:[‘ 1-2 K cos S + RZ

In this case, it is seen that the spectral lieht currend
has the same distribution of the well-known Airy-formula (12 2)
vhicn deals with the spectral light current density distribut-
jon of the transmitted interference Fringes of & Faory - Per.ot
resonator., .In his caleulations, Airy assumed that the light
spurce is deformed to 1lluminste the opsical resopator with a

unit solid abngles.

From the point of view of the energy law ., we have :
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I.00) = f WL L@ = 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 distributlcns 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
BQual o ﬁ/ [d +2 (f-1) D] 2. It is seern that the average
valtues of 1ight current calcula-ted from our theoreticai
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)

iz smaller,

ITT COHCLUSION

Line transmitted spectral 1light current distribution from
an optical resonator depends upon the raediating solid 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 btransmitvted 1light

current are slsc found for the two cased vhen i

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

source which illuminates the optical resonator.
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1-Point Light Source.
2_Resonotor. '
3_Collimating. lens.
4_Detector.




5.001—

£,.00/—

300~

el

LY

LB K)
A

(" -

[K] -, Al_RI D?]

-1

S

Fig. (2)

' 2
L Sla fla+20v00)




-— 76 —

L.{8)
A []={1.A0_R T4 ]

N 2}3

4.00— ]
l
1
|
|
\
|
i

Fig.(3)

3.00
ZOO—{; \

—a~

100

a-2mD
R =0.90

00 |- I i | | i CEs




