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Interferential filters hold an important place among the apparatuses fol spec'

tral measurements. It is knorin by row that their transmission can be des-

cribed by the iunction [1]

(r)

where

(2) 6(1, q:T nh!cosl'*2,P

is the phase difference between two beams, ole of which has had a double

inn.r rltl..tion more than the other. The following syrnbols have been applied

in these exPressions:
0' - angle of r.eiraction in the filter;
z-ind-ex of refraction of the intermediate layer oi the filter;
ft - thickness of the intermediate layer;

? - 
al coatings;

t-
,4(0) inglY in the metal or PolY'

layer die

R(0)--reflecting capacity oi the c F:#n
Il we accept the index of refraction of the air for l, ttr'en

tQ", o) :Il: ( r - + )' ;* r,*'

coso':l/-ry,
V- n!

is the angle of fall ot the light beam to .ttre filter. Expressio:ts (1)

are valid Ivhen u parallel shaft oi beams falls on the filter. Conse'
the position of tht maximum in the admission band depends on the

of th6 beams to the normal to the surface of the filter

where 0

and (2)
quently,
decline

6(fi:ffiFV;T'l ftt:1'2""'
where the decline is expressed by 0.
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On degree of 0 the rnaximurn odirection wivelengths. As a matter oftial filte d for of'eration with a pata
alnost h their suiface. For that reisorr

i{____d-- *4"-_r-*_-l

Fig. 1. Optical part of ilre spectral instrument : Oi
optical lnlet; IF -jnterferential filter; L-lens; D_ cletector

tained in their certificates are for such conditions of operation, In some of
the apparatuses for spectral measurements, however, in view of considerations
of_ energy and design, the interferential iilters have to operate with non-pa-
rallel shafts of light, e. g. in the portable spectrometers for measurements'of
the spectral reflecting characteristics of some natural formations. 1'he clepel-
991.9 9i the position oi the nraximum in the admission band of the angie of
ia]l limits the angular aperture of the filtered shafts of light [2]. It is f,ot al-
ways possible to keep to this limit iu practice. Irr order not tb'lose the accu-
racy oi rneasurements, alt evaluation of the differences could be made bet-
ween the perfornance of interferentia
falling normally on their surface, and
of light at an angle oI 0or. In its most
part of the spectral instrument may p
inlei (OI) with a certain aperture thro
enters the instrument; an interferential
in a determined spectral range ; a le
on the light-sensitive surface of the d
(Fig. 1). We shall be interested in the signal at the ouilet ot the detector tn
both cases - upon lighting the filter with parallel and non'parallel sliafts .oi
light.

The light entering the instrument
of flat monochromatic waves with le
optical axis of vision of the systern (th
The intensity of these waves'falling o

If it is accepted that the natural o
consider li) as independent on 0. T
range which is_deter-mined by the admission band of the filter. In tliat range
we may consider ./(i) as a constant o r ,1,, but its value is deternrined tro-rn
its place in the spectrum, i. e. l@Q,,0):1l".The change in the intensity of
each monochromatic wave after its , transition through 

-lhe IF is described by
the function (1). Spreading in .the afterfilter space are flat monochromatit
waves with intensity L{t)(l,0):l)."r(1,0). We believethat there isno interference
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betvreen the waves with ditferent i aud that it is possible to negiect the intei-
ference between the monochromatic waves spreading at diff-erent angles g

in the space after the filter. Then the intensity of -the field at each"point
from the surface of the lens will be the sum of the intensities of ati flat
monochrornatic waves reaching. th^at point. The detector is affected only by
these waves for which the angle 0((0,a), where z is rjetermined by the"rela"-

tion a:arctgi'The energy flow coming to the detector is equal to tlrat of
J

ading in the direction 0, with 0(0(z
he signal at the output of the detector
y crossing the light-sensitive surface:

ensitivity of the detector, which ge-
angle of fall 0, and the spot on the
to simplily, we may assune that S

does not depend on the coordinates of the point P ind also itrat it is a con-
stant in the range considered. The dependence on the angle 0 is frequenilv
accepted to be a fl-like function, i. e.

s(g):{;:",;,.;;

. Taking into account the abcve considerations about the output signal of
the detector, we coflre to the expression

B(g)lc)(l,0) sin 0 cos 0d0d),,

A6 "nl
^ltU:+S I Izt,

00
(3)

(4) u: + sn ,[ fi')
0

where : 0r, is the more acute of the angles o and 00,
c is the speed of light.in vacuum,

- B(0) i. tttq section of the surface of OI aird that of Z, when OI is pro-
jected at.angle 0. ]1 lne plane oi L. Let us assume that the following condi-
tion has been fulfilled:

,o:f ' ot!
In that case B(0):constant and the output signal is expressed by

0-m
P^
I ^ L,.

I 4)",0) sin 0 cos 0d0dt: * sB I I\') f1,\dl,J \ ' / - -- .2 -- .l -" J \"/-..''
00

Lral to the smaller of the angle's 0o and a. The spectral range
the intensity has been measured is determined fiom the tyfe
f(1). In the above assumptions /(i) is determinert trom i^heof the filter. In other concrete cases it is possible that the

quantities .s and B will remain under the digit of the integril on 0, i. e. they
will also influence the final result fr rm thE measurement of Ir). ijere is an
investigation of the iunction

0..

f(1)-- [ (, --4, __ o)', ''n''ou,,t:,ro
I \ '--r(/ 1+F(O),inr9o) 

""(5)
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Tablc 1

2 F. h:2.6 A F. h-t.4

/ olur(tn' ",,<oful t,t

50.0
50.0
49.0
47.0
{3.5

0
5

l0
15
20

43.0
42.5
41.0
38.5
31,5

25.5
25.0
23,0
20.0
I O.D

0.0
0,0
0.2
0.3
0,9

22.5
22.5
2l.5
20.0
19.0

0.0
0.9
0.1
1.0
1.6

0.0
0.7
1.0
0.6
1.5

0.0
0.6
0.3
1.3
0.7

30.5
30.5
29.5
28.5
26.5

25.0
25.0
24.5
24.0
23.0

0.0
0.5
0.0
0.5
0.1

0.0
1.0
0.{
2,1
0.5

each filtcr. Such measurements were c

of Perkin Elmer spectrometer with spectral resolution of 1nm, which draws
the function oI admission of the filters from the wavelength,'Wc have the
curves of admission for every filter corresponding to lighting up with a pa'

rallel shaft of light falling in angles changed every five degrees. Th^e results
from the measurtments are given in Table l. The dependences r'(-0) for all
filters approximate well with -the function cos- (K0) a! .angles 0<20o,. ylele
the consiint K is dilferent for the diflerent filters and has values of l.l5 to
2.65. The error in the approximation is also given in Table

It may be accepted that the angular aperture of the
exceeds 20 degrees, ancl for that reason it is not necessary

pendence zr,(0; further. The result is that for almost all Iilters

a split curve of admission occurring in
polarization of light.

It is possible to see the change
of 0 in these experimcntal curves after

F(0): ?Y:tflut,r(0)sin?rfi

which follows directly from (1). The value of r(0) corresponds to a certain ,1.

It is assumed that q:0, which may occur in filters with rellecting coatings

made of polylayer dielectric. It is obvious from (2) that nn:A&) , if we ac-

cept m:1. ).il,Q) is the length of tht wave lor which the filter has maximum
admission when lit up with a parallel shait of light. This calculation can be

carried out very accurately, because the function sinrd(r:e) changes rapidly

about its maximum value 2,,(0), but it nevertheless proves that F(0) does not
change very much. Here are the results of the calculations for one of the
filters :

some bigger values

1.

instruments rarely
to follow- the de-

I
r,"(35')4V zr(0o);

of 0, due to the

in the quantity of F' with the change
the formula
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We shall accept ihat
are given in Table 2.
the intermediate layer

1'able 2

F: const. when
They show that
of the filter, the

calculating the integral (5). The results
the bigger the index of admission of
less significant the shift ol the admis-

120
120
120
120
120
120
120
120
120
12U
120
120
200
200
200
200
120
120
120
120
120
120
120
120

l.O
I.D
1.5
1.5
2.0
2.0
2.0
2.0
4.0
4.0
4.0
4.0
l.D

1.5
1.5
1.5
1.5

1.5
t(

1.5
1.5

| | ,* | ,*,,." tl 0,,,r,." I o^u*,^, 
I r-,..,0-,

1.5

l.s
1.5
1.5
1.5
1.5
1.5
I(

l.o
1.5
1.5
t.5
t.5

TR

2.0
2.0
2.0
2.0
2.5
2.5
2,5
2.5

10
l5
20

5
!0
15
20(
10
15
20(
l0

20

10
15
20

5
l0
ID
20

0.9987
0.9950
0.9890
0.9818
0.9990
0,9962
0.9918
0.9860
0.9995
0.9981
0,9959
0.9929
0.9987
0.9950
0.989r
0.9822
0.9987
0.9950
0.9892
0.9826
0.9987
0.9950
0.9895
0.9836

0.0013
0.0050
0.0109
0.0r82
0.0009
0.0037
0.0082
0.0140
0.0005
0.0019
0.0041
0.0071
0.0013
0.0056
0.0109
0.0r77
0.0013
0.0050
0.0108
0.0174
0.0013
0,0050
0.0105
0.0164

0.0292
0,0307
0,0366
0.0490
0.0291
0.0300
0.0335
0.0413
0.0291
0,0293
0.0302
0.0324
0.0226
0,0246
0.0317
0.0455
0.0291
0.0307
0.0366
0.0488
0.0292
0.0307
0.0366
0.0486

0.3772
1.425E
2,7318
3.72r4
0.3776
r,4496
2.9150
4.2863
0.3780
1.4737
3.1360
5.0488
0.3766
1.3923
2.5185
3.2359
0.3760
l.{068
2.6501
3.5310
0.3745
t.3824
2.5472
3.2817

Table 3

20 14

350

21.19

7.63

25.62

12J4

34.30

24.56

8.72
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sion band, while the half-width of the iatter is narrower. The filters rvith gieat.
er reflecting- capacity of the coatings R (consequently F is larger alsot give
narrower admjssion bands. The infiuence of the constant r( in the dependence
of maximum admission ot the angle of fall 0: ,,,,(0):cos('(0) over the change

lJm,+

Fig. 2. Depeldences of zll^(e) and /lsyy(0) for ,trg:SQQ arn

of the admission band is negligible. When choosing the parameters of the fil-
ters, the maximum shilt occurs for the combination of values : n:l ,5t
K:7.5; and F:120. The shift of the maximum /A* and, the halt-width of
admission band for a ljlter with such parameters on dillerent wavelengths I
and for shafts of light with different angle 0* are given in Table 3. The shift
of the maximum in the admission band fi"* and the half-width of ihe bancl
increase parallel rvith the increase of the angle 0r,. The dependences zl,tr,(0) arrd
il.uw(O) for /o:5,000A are presented on Fig, 2.

It is evident from the above that there exisis a certain change in the
measured spectral range depending orr the working regime of the- IF. This
change may either be neglected or taken into considera-tion, depending on the
precision necessary for tlre particular rieasurerurents.
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ZHrepQepeHrIHoHHbre cln"rurpu B cneKrpa/rbHbrx npr46opax
6es xorr4aanpyrcqerZ orrrr4Kkr

K. [7. Earcattoan

(Pesrcxe)

Xaparrepucrurn rzurep$epeHrlt4oHHblx Qnnr,rpon sBJrflrorcs Qynrqurrvru yr,rra
rraAeHzs cBera. B crarle paccrvrorpeHa pa6ora r.rHrep@epeHqr4oHHbrx @unrrponco cxo.qtlquMl{ cBeroBbrMr{ nyqKaMu. Iloxagagbl cMeuleHue MaKcvMyMa Lr I{sMe--
HeHI{e nOJIyUIIpHHbI [OJrOcbr nponyeKaHr4fi npl{ rr3MeHeHHfx yrJroB cxoArzMocTr4
nyr{KoB B r4nrepBaJre 0-20o.
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