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ABSTRAGCT

The time evolution of the hologram of the light scattered
by the wurface of wilver mirrors which are chemicaly depostted

on glass substrate has been investigated.

The mrrors are treated within an atmosphere enriched by
oxygen, carbon dioxide, sulfur dioxide and 100% humidity. The
irtensity of the scattered light for the corresponding
polarization preor unit rolid angle i8 related to the optical and
surface paramete: s of the mirrors by the known theoretical
relations /3,27, For determination of the intensity of the tight
wcatteread by a mirror with given optical and surface parameters,

the theoietical relations were programed by computer.

1. Introduction

The intensity of the light =scattered per unit =solid angle
by the thin film, measured in incident plane (¢#=0), according to
the vector theory of light scattering from mirror surface, is

given by /3/

z z
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where
gl(lg—ﬁol) - is the spectral density function of the micro-

roughness of mirror swrface;
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Io- is the intensity of incident mnonohromatic light of wave
length \;

:—; is the partial intensity of scattered light per unit solid
‘solid angle (dQ = sind®ddd¢> scattered into direction (3,9, Fig. 1;
80- is the incident peclar angle in
incident x-y plane;

y ® ; ® - are polar angle and azimuth
( angle of the scattered light

respectively;
£ ~ is the dielectric constant of
t.helayer(s=N2:N=n-h¢

~ complex refractive index of a

material of the layer);
&> >

OPTICAL k ; ko - are the wave vectors of

SURFACE : the scattered and incident
Fig. 1 light respectively;

[ is the angle hetween the vector of incident electric field

field of the incident monohromatic light and the incident

plane;
@¢’= 0 - incident electric field vector is parallel to the plane
of incidence, {i.e. the incident and =scattered light are

horizontaly polarized (H’ >;
P = n/2 - the incident and =scattered light have verticaly

polarization with respect to the plane incidence;
In this case zs and y ” are expresed by:
-for Hh component. (’= 0)
’ —
(a’a, - kk_&)
b4 '
q, * q, €

-for vv component (@’= n/2)

= - &;_: 1 @

2. Experiment

The measurements of the inténsity of the light scattered by
the mirrors were done by Brice - photometer, M - 2000 (USA). The

Fhema of the measurements is given on Fig 2. The measurements

114



of the intensity of the light by
the mirror are made by the same
sensitivity of the photometer
Oo with monohromatic light (A=546 nm)

with vertical and horizontal
polarization off the light within
the angle 0° ¢ & ¢ 85° The loga-
ritm of intensity of the polarized

light, I 8'"hamd 1 s‘vv > obtained
Fig. 2 from the measurements are related
O - mirror; Io - intensity to the optical and surface
of" the incident light; N - parameters of the mirrors by the
normal of mirror; 80- inci- following relations:./4/
dent angle; ® - scattering
angle.
. _ z
logls’ﬂhcnss = 1051':-::—?‘:05305032‘9[1—5]2 Ixal _ QICIE -ﬁn b
ulq'* qsl J
: : (€ )
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167 J zl(lﬁ _zo |)

logl cos® = log——cos?d coszah-slz ;
. 9,V . o » 2
v A la’+ q|

o>
where Xg and x¢ are given by the (2> and (3.

The intensity of the light scattered by mirrors was
calculated for silver layer of n = 02 and‘'z = 34.

Jtt 1s taken into acount the surface microroughness of
mirrors have 4 different corelation lenght (b“> to which belong
4 different. xquare roots of the average value of the microrough-
nerss (:5"). For =uch surface the spectral density function of

miaroroughness used in theoretical calculations is given by

g('l: - I=°|) = af 6:bfiexp(-|'l: - E°|26:’/4) +
* 6:15‘:16""(- I': - ﬁolzb‘:z/“) + 6:36:3exp(-|3 - golzéfs/‘” +

2 > 2
+ 61,6 (- [k - B |6, 7)) >

ns



The =ilver mirrors are obtained by hemical deposition to
clean glass plates. The treatment for given time interval in the

atmosphere of 0z ,CO’ and SO2 was done in exicators.
3. Results and discussion

The first measurement were made immediately after
preparation, and the others after given time interval during
their treatment.

The following figures are show the obt.ained experimental
results and optimal theoretical curves of the first and fourth

measurement for some of the invest.igated mirrors.

Fig. 3. Mirrror in 5%

atmosphere of (?.()2 and
10022 humidi t.y.

(o o o o) - experimental
curve of first measure-
ment. on 12.05.1987:

(—- > - aptimal theore-
t.ical curve for: 6“== 1 nm

6 = 100 nin; & = 0.2 nm;
11 12

6 = 100 nm; & = .0.5 nm;
12 13

81 Loglley) 5 = 1000 nm; 5 = 18 nm;
J 6 = 6000 nm.
14
Fig. S
o o o 60 8  pig. 4.  Mirror in 5%

atmosphere of (]Oz and
100% humidity.

(o o v 0 = e:fperimental
curve of fourth measure-
ment on 23.11.1987:

(——) = optimal theore-
tical curve for: 6"= 1 nm
6“= 100 nm; 6!2-' 0.2 nm;

& = 100 nm; 6 = 0.7 nm;
12 13

6o = 1000 nm; & = 2 nm;
13 14

6 = 5800 nm.

14

Fig. 4
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Fig. 5. Mirror in 5%
atmosphere of GOZ and
10024 humidit.y.

(o o « =) - experimental
curve of first measure-
ment. on 10.06.1987:

<

> - optimal theore-
tical curve t‘nr:éu=0.6 nm
s = 100 nm; 6“: 0.3 nm;
5 = 500 nim; 6’3= 0.3 nm;
s = 1000 nm; 6“= 2.7 nm;
6 = 6000 nm.

Fig. 6. Mirror in 5%
atmosphere of CO? and
100% humidity.

o 0 o o3 - experimental
curve of fourth measure-
ment on 23.11.1987:

(——> - optimal theore-
tical curve for:6u=0.6 nm
6“= 100 nm; 6’z= 0.4 nm;
6 = 500 nm; & = 05 nm;
12 13

& = 3000 nm; &6 = 3.4 nm;
%) 14

6 = 5000 nm.

14

Fig. 7. Mirror in 05%
atmosphere of SOz and
1002 humidity.

{o o o ©) - experimental
curve of first measure-
ment. on 9.06.1987:

¢

tical cwrve for:6“=0.8 nm

> - optimal theore-

o“= 100 nm; 6’z= 0.2 nm;
& = 500 nm; 6 _= 0.4 nm;
12 13

6 = 1800 nm; & = 8 nm;
13 14

5 = 6000 nm.

14
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Fig. 8. Mirror in 05%

atmosphere of S()z Aand
10025 humidity.

o e v +0d = expcrimental
curve of fourth measure-
ment. on 24.11.1987:

K— -.> ~ opt.imal theore-
tical curve fnr:éuao.ﬁS nm
6 = 100 nm; zS.zw 0.65 nm;

11
6 = 500 nm; & = 1 nm;
12 13

1 Log (Ieyy) 6,,= 1400 nm; 5 = 3 nm;
h 6 = 5500 nm.

: 14
Fis. 8

The degradation processes of mirrors depend on the manner
of preparation, and also on protection. They are the most

intensive in the atmosphere with .':10T and 100% humidity.
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