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1.INTRODUCTION

The edge is a suitable element for measuring the optical transfer function of
objectives. The adventages are as follows: a sinusoidal wave grating is not necessary,
the amount of light is adequate, the Fourier spectrum of the edge is unlimited.
A disadventage is the fact, that the Fourier spectrum of an edge is not flat, but
decreases according to the spatial frequency, so that the ratio signal to noise becomes
insufficient.

At present some methods have been realized for measuring the optical transfer
function ([1]. [2], [3], [4]). The graphical Fourier analysis method for determination
of optical transfer function of objectives from the edge image is described in this
article. By this method it is suitable to determine the optical transfer function directly
from the edge image. Thus the equipment for measuring the optical transfer function
becomes simplier, because we need to obtain experimentally the light distribution
function of the edge image only. But the velocity of obtaining the optical transfer
function is low. :

2. THEORETICAL CONSIDERATIONS

The optical transfer function is represented generally in two dimensions. For
experimental purposes the one-dimensional expression of this function is more
suitable. Following [5], the optical transfer function is equal to the normalized
Fourier transform of the intensity distribution of the line image E,(x):

} Ey(x)exp [—i2nox] dx

where o is the spatial frequency expressed in lines per millimeter.
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We may express the distribution of the line image £,(x) in the following form

dE(x)
dx

Ey(x) = )
where E,(x) is the light distribution of the image of a sharp edge by the objective
under test.

Substituting from (2) into (1), we obtain

©

J‘igei{z exp [—i2nox] dx
dx

g(g)= S — SR 3)
dE(x)
j— dx dx
We can write the expression (3) in the following form:
]f exp [—i2nox] d[E(x)]
go) =",
S dIE)]
or
g(0) = q‘j‘exp [—i2nox] d [E ()], (@)
where
g = 1
T 5
S dIE)]

The equivalent expression of equation (4) for discrete values k& Ax of the coordi-
nate x is as follows:

1
g(nAc) = q{ .Y AE,(k Ax)exp [—i2nn Ack Ax] +
k=—m

k=m
+ Y AE/(k Ax)exp [ —i2nn Ack Ax]},
k=0

where
|

4=
AE (k Ax)
k=-m
and 7 Ag are the discrete values of spatial frequency o. The maximum value m is

chosen so, that
AE (m Ax) = AE(—m Ax) = 0.
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If we suppose k = 0, then

o(n Ac) =g AE"(") + Z AE(k Ax) exp (~i 2nn Aok Ax)] -
+ [ AEz(") + Z AE,(—k Ax) exp (i 2nn Ak Ax)]}. 6
or g(n Ao) = gle(n Aa)t + e(n Ac)7 ], 7
where
e(nda)’ = AE AE(0) ZAE (k Ax) exp (= i 2nn Aok Ax), (8)
e(nAo)” = -AE%(O) + i AE(—k Ax) exp (i 2nn Aok Ax). 9)

The equations (7), (8) and (9) are fundamental for the graphical method for
obtaining the optical transfer function from the image of the edge by lens under test.
The Fourier transformation of the light distribution £,(x) is obtainable in the complex
plane (Fig. 2). Upon using the graphical way we obtain e(n As)* and e(n Ac)~ and
then e(n Ac) = e(n As)* + e(n Ao) ™.

Combining the end points of vectors e(n Ac) for various spatial frequencies n Ao,
we obtain the function e(n As) in the complex plane. After normalization (6) we
receive the function g(g).

To express the optical transfer function graphically in the form of functions t(¢)

and @(0), which are related by following equations

g(0) = (o) exp [-iO(0)],
- 2(0) = VRe g(0)* + Im g(c)?
—1 I"ll g(o)
Re g(o)
we must to measure the values of the normalized vectors ge(n Ag) and their angle
according to the real axis in the complex plane (Fig. 2). The function () is a modul-

ation transfer function and the function @(s¢) is often called the phase transfer
function.

O(0) = tan

3. THE EXAMPLE OF DETERMINATION OF THE
OPTICAL TRANSFER FUNCTION

Fig. | shows one of results of measuring the light distribution function E(x) of
the edge image by lens under test, obtained by scanning method. The result is related
to the photographic objective Auto-Takumar Asahi Opt. Co., 1:3.5, f = 35mm
in on — axis position of the edge for monochromatic light A = 5 875 A and defocusing
Az = 0.12 mm. The tangential azimuth of the edge and of the scanning slit was set
during the measuring. The relative aperture of the lens under test was 1 :3.5.
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Fig. 2 shows the graphical construction of vectors e(n As) and in Fig. 3 is the
result in the form of function t(e¢) (function @(o) is zero because of the on-axis image
position). t(¢), is the modulation transfer function obtained directly by the scanning
method with the opto-electric Fourier analysis by equipment [6] for the same image
conditions.

The numerical results and differences

A(o) = t(6) — t(0),.

Eelx)

o) x

Fig. 1. The graphical representation of the light distribution function E,(x) of the edge image.

Imelr)
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v Ay . ——
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/ o)

Fig. 2. The graphical construction of vectors e(ndo) for the determination of optical transfer function.
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are in table I. We see the sufficient agreement of both results in the frequency range
used.

4. CONCLUSIONS

The graphical Fourier analysis method is suitable for determination of the optical
transfer function from the edge image by lens under test with sufficient accuracy.
The use of this method is limited for frequency range in which the frequency compo-
nents are sufficiently large.

The advantage of this method is in its simplicity. The method is well suited for
laboratory use.

Table I
alL{mm] | () | (0),. 1(0)
0.0 1000 | 1.000 | 0.000
3.5 0.983 0994 | —0011
6.9 0948 0925 0.023
17.3 0.681 0.625 0.056
34.7 ! 0.222 0.200 0.022
52.0 | 0.065 0.112 —0.047
69.4 0000 ! 0012 | —0012
86.7 1 —0015 | —0031 0.016
0)
10—
05—
00 * = Py mm]
0 50 [Himm]

Fig. 3. The modulation transfer functions 7(0), 7(6),, obtained by the described method and by the
scanning method with the opto-electric Fourier analysis for the same image conditions.
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Shrnuti

METODA GRAFICKE FOURIEROVY ANALYZY
PRO ZJISTOVANI OPTICKE PRENOSOVE FUNKCE
OBJEKTIVU Z OBRAZU BRITU

JAROSLAV POSPISIL

V praci je popsan graficky zptisob Fourierovy transformace, vhodny pro zjistovani
optické pfenosové funkce objektivit z obrazu britu. Dale je uveden piiklad grafického
urovani optické pienosové funkce pro piipad osového zobrazeni fotografickym
objektivem. Ziskany vysledek je srovnan s vysledkem, obdrzenym snimaci metodou
opticko-elektrické Fourierovy analyzy za stejnych zobrazovacich podminek. Uka-
zuje se dobry souhlas vysledkit a vhodnost popsané metody pro laboratorni zjisfovani
optickych pienosovych funkci.

Pesiome

METO/JL TPAOUYECKOIO AHAJIN3A ®OYPBE
A0S VCTAHOBJIEHNS ®VHKUUU KOHTPACTHOCTH
OBEKTWUBOB U3 U3OBPAXEHUA OBEKTA PE3KO
IMTOFrPAHUYHOIO KOHTPACTA

SAPOCJIAB NMOCIUIKU I

B cratbe onucan cnoco® npeobpasosanns Goypbe MOAXOASALIMI VIS YCTAHOBJIE-
HHS (DYHKIHM KOHTPACTHOCTH OOBbEKTHBOB M3 M300pakeHust obbekTa pe3ko morpa-
HHYHOTO KOHTpacTa.

Kpome TO, B cTaThe Moka3aH NpHUMEpP rpapuyeckoro yCTaHOBJIEHUS (PYHKIHAH
KOHTPACTHOCTH Npu u3obpaxennu (ororpaduyeckom B ocu ob6bekTHBOM. [lpH-
oBpeTeHHbI pe3yabTaT CPABHUBACT C PE3YJLTATOM, MOJYYEHHLIM NPSIMO METOAOM
CBEMKH ONTHYECKOT0-3IeKTpHueckoro aHanusza Poypbe NMpH OJHHAKOBBIX YCIOBHSX
u306paxeHus.

MposiBnsgeTcs cornacue pe3ynbTaToB C yAOOHOCTBIO ONMUCAHHOINO MeToja st
ycraHosnennus GyHKUNH KOHTPACTHOCTH B 1aGOpaTOpHH.

232



		webmaster@dml.cz
	2012-05-03T16:25:45+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




