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MEASUREMENT OF OPTICAL TRANSFER FUNCTIONS
OF SPECTROSCOPIC SYSTEMS

Katuyuki Kozima and Hitoshi Kanamori
Kyoto Technical University
Matsugasaki, Kyoto 606, Japan

ABSTRACT

The O.T.F. of a monochromator was determined by measuring
responses of light beams having sinusoidal spectra, which are
produced using a Fabry-Perot interferometer.

INTRODUCTION

In our previous articles, optical transfer functions (0.T.F.s)
of a plane-grating monochromator had been determined from the
Fourier transformation of line profiles (1,2). By this method,
error in determining line profiles and in computing their
Fourier transformation are probably occur.

The direct measurement of 0.T.F.s can be performed by measuring
the responses to sinusoidal inputs having frequencies varied in
a wide range. In order to measure the O.T.F.s of spectroscopic
systems, we present a light source which emits sinusoidal
spectra.

LIGHT SOURCE EMITTING SINUSOIDAL SPECTRA

When quasi-monochromatic rays of wavelength X pass through a
Fabry-Perot interferometer at an emergent angle €, the separation
of adjacent peaks A in the spectrum of transmitted rays (see Fig.
1(a)) is given by

A = A2/2ntcose, (1)
where, t is the separation of the plates of the interferometer
and n is the refractive index of the medium between the plates.
The ratio of A to the half intensity width of the peaks § is
called the finesse N, i.e.,

N = A/, (2)
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which is composed of:
the finesse due to the reflectivity R of the two plates,

N, = ™/R/(1 - R) (3)
the finesse due to the roughness /M of the plates,

N, = M/2, (4)
and the finesse due to the field angle «o,

N, = 4)/ta’. (5)
The total finesse N is approximately given by

1/8% = 1/8% + 1/N2 + 1/NE. (6)
If we adjust the field angle o to make

N = 2, (7)

the spectra of the transmitted rays become approximately
sinusoidal with the frequency 1/A as shown in Fig.l(b). If N
is dominant, then the field angle should be

a = V2)/t. (8)

F

We have used a light source shown in Fig.2. 1In order to get
guasi-monochromatic rays, light from a tungsten-iodine lamp is
filtered by an interference filter. The rays are directed to a
Fabry-Perot interferometer in normal direction to the plates.

N A NAAN

— Wavelength — Wavelength

Fig.l Spectra after transmitting through a Fabry-Perot

interferometer.
Interf i
n r erence Field angle Spectroscopic
filter system
tﬂ
a I_

@ 67 %_ %—W _O |
Tungsten- Fabry -Perot Field stop
iodine lamp interferometer

Fig.2 The light source emitting sinuscidal spectra.
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Fixed parameters of our light source are,

=546 nm , n=1, 8§ =0, R=0.95, and M = 30.
Therefore, for example, if we choose

t = 0.1 mm, then A = 1.49 nm and « = 0.104 radian,
or 4if t = 0.03 mm, then A = 4,97 nm and o« = 0.191 radian

We have adjusted the frequencies 1/A in a wide range by varying
the separation of plates t, and the finesse by the field angle a.
The profiles and amplitudes of sinuscidal spectra were calibrated
by a plane-grating spectrometer whnse resolution limit was
satisfactory as 0.01 nm.

Typical spectra for t = 0.1 and 0.03 mm are reproduced in Fig.3.
Peak heights are normalized. Measured frequencies were a little
bit higher than those calculated. Proper field angles were much
less than those calculated, because of poorness of parallelism of
beams and poorness of focussing of lenses.

t /\/\/
010mm

I T T l’ T
0 1 2nm 2nm
t
0.03mm
0 5nm Snm 5nm

Fig..3 Spectra emitted from our light source: Wavelengths
(abscissas) are measured from left peaks.

OPTICAL TRANSFER FUNCTION DETERMINED FOR A
PLANE-GRATING MONOCHROMATOR

With the light source described above we can determine moduli

of 0.T.F.s. for spectroscopic systems, by measuring the ratio of
the amplitude of output-sinusoidal spectrum to that of input-
spectrum of the systems, for each frequencies.

Figure 4 shows the side view of a simple plane-grating monochro-
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Fig.4 The side-view of a monochromator tested.
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Fig.5 Optical transfer functions determined for a plane-
grating monochromator.

Vol.6 #.2(1976) — 59 —



mator whose resloution limit is poor as 0.4 nm. Its modulus of
0.T.F. measured at 546 nm is plotted in Fig.5.
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Gauss #ELRET 5, 2HTRNEHERAEICIZL, f(*, ¥) OEREHREORK
BiEath b, FHAMOBERLD , f (2, ¥y ) OThZThoED ERSRICHEN , 20
D43 # N D oA B,

LT

]
oy = NAF - il G (8)

ZZTNAF Noise Amplification Factor ( #E#IERT ) OB TS > T, HIEHE
HOBICL > TRLHERTORFIEHTD 5, Fliid, 2HOR6), 6], (TOMBEMECH
[hTANAFOfEZEHR#FN , 0618,0500,0233 THb,

NAFIZ#HERHEN oRBENICEIETLZ LB TES, b o E—HRIIKE, 481 , FBEIE
00 Gauss MELFHEMICL VREI S, The BB — 2L LTHERL , TOMEOME
as b, B ERAWTRKDLCT L TE A,
<HBEELHFTOBEBRS#ET L T AT, HEBHE L TEAEY cut 75D
OERAVBLEYRDD, TDL KT H L, SEAMEENE b, SRIEWEKILAD B
H(LSF)DRMSMTEHET 5,
p(r)&#PSF&LT,

o= " pdaty)ay

szf_: xzqz(.r)d.r/f_: 92(:1:) dx

HPRICKL , P S Fid o BIOBHRICL b3R5,
CDESRLTHRDAEWENAF R —D0 /577 ay b T5HE, BELEAMELEOBGE
—HTRAZ LN TE D, Feik, a OWIEBKICHTAWENAF LDOBFRERLTWA,
WHIEREEE L Tk , B~ (TS, Shepﬁ) A7z & 9 ICHIEBREIO 4K < 3 HOBEES
KLY EEINIFLABERM(NAFARNEZZ L5 CREEZRD S, ) RUA(), (6)
OEBICKD L 2 ICLTGauss BEEEEL 2B EAWE,

!y

= T T ——— (10)

gAY =C 4 E _ g(h—k )exp (=

#
2T, CEAEHIORZHTS D , Did Gauss BEHEHOLA D 2EbH I,
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WIFREBICHT Lt =20 M
Bid, NAFPR AR TAROOF
1.0 -NAF BitmmEcss, Mehb,

R ° 1 ® Gauss Eﬁﬁﬁiﬁbt;Rngsﬁ

osf W * 1@

SIENAF oc D 0 rhsTd
%b#&ococ&uﬁ$%#§ﬁ
BSICH L TR LARRE—BL T
Wnh,

3 266 % AnCHE - AREEL
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FRHT,HE6i7nmy 3 b,

NAF o W 50

02+

0.lr

0.05F . \

0.2 0.4 0.3 1.6

e NAF&WEOERFR
95(D), 9, (DY AAKRNIZ
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BLEEFRCELZRD , FLEBEAKT20EERICE - TROAERW, ZOBAHLTS
&, Chesler OIEEEE Shepp OFIEEMILITITEMEETS %45, SheppD noise
filtering&ﬁ&otﬁmﬁéﬁ(iﬂfs@y&_S) EHEREDE D b,

QtLTQR, &U’?s ERWTRDOF THDH, DERX(10) DD EFIL. &
A T~/ Shepp OH¥ETFH/ILEL 95 &LWR CHBA LD TH b,

5,3 &UQR,B
COfl, FEXBOESLbNA artiffact ¥ 3 av—v 4 Y ICLDRETCEHTE DA

BBOBMRTHERET 2,

4. % i
EEEMECL S 2 RTBETOMELHEHY I 2av—Y a Y L VRFEL , ROKRESH
s

1) AREZ —BAGOETEZL , HEFRHLE L LBE, AR THETFRETH 55, ST
ESBUCKE (b,
2) M )L ARREE L OE S LA OETELAT A HETHEEL , TOREICE > TEER

BEO W D0 OFFIEBEBZFHE L7z,
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