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106 YD) =K 100, Yol (X = Xo, ¥, = ¥)d Xed
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hi(Xi’ Yi) — r~](Xi’ Yi)

hi (%, Y;) = ‘S{P(QE’U)}(Z f=i g =Y

L f
ad;" Y ad,



3.2

A(f,, fy)=s{|g(§<o,§/o)}
Aﬁ(fx’ fy) = S{Ii(xi’yi)})

|, (Xo, ¥,) =J' jAg(fX, fy)exp{jZn( f Xot+ f, yo)}dfX df, «——

ANGTEATN)SEA, (SRR=i) —

A (f,, f,)=a(f,, f,)expjd(f, f,)] P o6 MEe TR NER

L ‘ 0 r \ 4 v
l,(Xo,Y,) = ”2a(fx, fy)COS|:27Z'(fX Xot+ f, o)+, (f,, fy)}dfxdfy
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A1) jjlg(io,io)exp[—jzﬂ(fxiw f, 90)}1 Xod Y,

/\g (fx1 fy)_ OO 0 L N _
A 00) jjlg(xO,yo)d Xod Y,
I (X, Yi)exp[_ 127 (1% + nyi)hXiin
A(0.0)

[ [10x, v dxay,



3.3

AT, 1) =Hi(1,. 1,)- A1, 1)

A (O’O) o Hi (010)'% (010)

pl(f,1,) =il

j ]Ohi(xi’ Yi)eXp[_ J27 (£, X + fyyi)}jxidyi

H,(0,0)
R

_[ Thi (X;, y;)dx;dy;

A (Fo £ =p(F ) A (F,0 )

o(f, f,)=m(f,, f)exp|jg(f,, f,)]
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m(f,, f,)= Rt )
H,(0,0)

rg (B 1) =|ng (£, )| expl i, (£, )]

A (B ) = (£ )expljd (f,, 1)

e \/\i( fe fy)‘
ng (f 1))

A1, 1) =81, 1) -9,(T 1)

m(f,, 1,)




3.3
1, (X, Y,) = Ip +a(f,, fb)cos{Zﬂ(fa Xo+ T, o)+ 0, (.. fb)}
(h, H, )

L (%, y;) =1,-H,(0,0) +a(f,, fb)‘Hi(fa’ fb)‘XCOS[Z”(faX T fbyl)+‘9 (fa, fp) +o(f,, 1 )]
= H,(0,0){1, +a(f,, f,)m(f, f,)}xcos[2z(f,x + f,y,)+6,(F, F,)]

Vy(f, )= 2end oy, 1) = By, )

0 0

1 ho(r, )x 21f,

Vi(fa’ 1:b) :Vg(fa’ 1:b)m(fa’ fb)

N -] N
0.(f, f,)=6,(f,, 1)) +o(1,, 1,) /\“\‘\\ /\)% //
MTF _f:'_\%’/ \j'/la o
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3.4 OTF CITF

CTF ru<n,§»=:3{ﬁ} !
3ih
o fy) ] S{hi‘z}fxzfy:o

~

OTF h =1h

S{F\ } joC(§+fx,77+fy)H:(f,n)dfdﬂ
p(f,, f,)= =

S{HZ> jT\HC(in\Zdédn
_H(1,, f;)f;fly—:z(fx, f ) F;
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OTF
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go(fwfy): P o | b)
S, - -

H.(f, f,)=P(4d;f,,Ad; f,) CTF 1 0

x1 ly

J [P+ 2d; fom+2d,,)P(& mdé&dn pud,

J o, Ad; f,)*P(Ad, f
o(f, f,)= -

i x?

2d,f,)

| [P&.mdany | j P(£,m)dédn
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o, 1,)= S0

0
1 p(0,0) =1. fx = fy =0
1 1 OTF

2 p(f,, f,)<9(0,0)

3 f f,
0 p(f, f)=0
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A% :

U(é,n)=c:'exp{— jzid_[(f—wlxo)z +(n—Myo)2]}x

exp|jkW (&,77) ]

J1C¥7)

P(£,17) = p(&,n)exp KW (£,77)]

U(&.77) = C'exp{— jzid_[(é — M, )+ (1 - Myo)z]}P(f,n)
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PS with aberration b) )
(X, ¥;) = 3P (£, )y = SIP(E,m)expl kW (£, )] -5 ¢ v
CTF with aberration
H.\f,, f,)=P (A f,,Ad T, )=P{Ad. f,, Ad, T, Jexg jkwiAd, f,, Ad, T )




4.3 OTF
- OTF h = ‘ﬁr
P'(Ad, f,, Ad, f,) ® P'(4d, f,, Ad, f,)
[[P(.n)dedry
[[P(E+2d, £, 7+ Ad, ) expL kW (& + d, f,, 7+ Ad )] < P'(&, 7 )expl- kW (&, 7)ldéd 7

o(f,, )=

[[P(e.n)dedn

m(f,, fy) =m(—f, ,— fy)
¢(fX’ fy):_¢(_ fy— fy)



4.4 OTF
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[ i 2+772)}}—6Xp[jke(§2+772)}
2d. 2

SN B L P(S.m) =P(S,n)ex E(QZ +17°)
TR = 7 17)exp| | : 7
]
1% . :
o(f,, 1) :I_zj'__[oP(g+/1d|fx,77+/1d|fy)P(§,77) f, = uldi

xexp{ju;—wﬁ))z[(f +2d, Y +(p+Ad, £, F - (£ +772)]}d§d77



4.4 OTF

_ Ad. f . Ad. f
@(fx’fy):%” P(§+ﬂd2|fx’77+ ZIyJP(g_—/wzlfxiﬂ_ 2ij
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44 OTF Matlab

clear all,
x=-1:0.04:1;
y=X: legend(‘'w=0','w=1/8\lambda’,'w=1/4\|
[xx,yy]=meshgrid(x,y):; ambda’,'w=1/2\lambda’,'w=1\lambda’);
[ = SQri(XX.*XX+YY. *YY); xlabel('f_x/2f_0');ylabel('OTF');
7 = (r<1)*1.0; a_xis([O 1-011 ]),
z(find(r==1))=1: title(’ OTF ),
a=[k' 'k--''k:' 'k-." k. T: grid on;
w=[0 0.125 0.25 0.5 1]; hold off;
hold on;
for J=1:5;
22=1;
zz=zz.%exp(*pi*2*w(J).*(xx. 2+yy."2));
f=xcorr2(zz):
f=real(f);
f=f/max(max(f));
y2=0:0.02:1;
11=1:51;
plot(y2,f(51,ii+50),a(J),'LineWidth’,2);
end
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1 MATLAB W W,,;Hpcoso
0O 8 4 2 1
H 0,0.7,1  y,=pcos6,
X,=psind 0 1
2
3

2f 1 1



W =0PD=W(H,x,,y,)=W(H?, p*,HpcosH)

p ]

W =W, o* piston
+ Wy 0° 0* defocus
+W,,, Hpcosé o* tilt
+ W, H? o* field dependent phace
+W,,, p* o* spherical
+W,,, Hp® cosé o* coma
+W,,, H? p* cos® 8 o* astigmatism
+W,,, H?p® o* field curvature
+W,,, H®pcosd o* field dependent phace
+W,,, H* o* defocus
MTF
MATLAB CODE V

MTF CODE V



5.1
5.2
5.3
5.4



OTF CTF

A(f,. 1,)=30U,[3=6,(f,. f,)®G,(f, ) 1 2




1(x)

N@:{ZMﬁ&—Oﬁn%f+{zﬂﬁu+05n]

7(x+0.61)

_ | hilr(x=061)]

7(x—0.61)

. 2
o i (x-+0.61)
7(x+0.61)

6=0 pi/2 pi

—
rah
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0.4
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, PEESY:
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o, f,) =09, 0 9, OTF

m(f,, f“)=m1-m2-m3-m4 MTF

¢(fx’f¥)=¢1+¢2+¢3+¢4 PTF

(e f)
Ay (fo 1)

m(f,, f,)




1)
2)
3)
4)

MTF

m,;=0.4

MTF

30 /mm 0.8
m,=0.8
m,=0.7

m,=0.5

0.8><0.8><0.7><0.4><0.5=0.09
0.112
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Lyl ' ¥ 57 fn BEan
| —

H,(f,, f,)=P(4d;f,,4d; f))

X!

H,(f,, ,) =expl- jzaz(f2 + £7)]

i

H.(f, f,) = Hy(f, f)H,(f, f,)=P(Ad,f,,Ad,f,) xexp|- jmAZ(f2+ £7)]
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[.2

P(Ad; f,, Ad; f,) ® P(Ad; f,, Ad; f,)
[[P(.n)dedn
[[P(&+ad,f,,7+2d ) expl kW (£ + Ad, f,,7p+ 2d £, )] x P(€,m)exp[- JkW (&, 7)ld&d

o(f, f,)=

[[ p(&.n)edn
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