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1. (20 ™) Thin amplitude hologram = 77d3}4, hologram writing/reading
225 +A12 ALSI0] HYSHAIQ. EB C130| 20|15 HYBHA|Q: virtual

image, real image, orthoscopic image, pseudoscopic image

Reference
wave

Object

wave
Recording
medium

Off-axis thin amplitude hologram & 7}™8sIH 7| & (writing) 182 |2F ZLCt Of
[, Reference wave 2} object wave = Of2{2}f Zt0| LIEIH &~ QULC}.

a(x, y) = |a(x, y)|exp[— jé(x, y)]

A(x, y) = |A(x, y)|exp[— j(x, y)]

O| I, & wave 7} 7Hddi A 47|= 7t FL[0f 2 intensity = Ofefjef 22
Ao = LIErE == Ut
I(x, y) = |A(x, I + la(x, ) + 2|A(x, y)lla(x, )| cos[¥(x, y) — ¢(x, y)].
0| f, recording medium 2| ZHE 2 X ALZ|= Hl9| intensity Of H|Z{|otCt
2N UL A=H7|0 £ BSH2Z writing =l recording medium 2| transparency &=
Ofefef ZLt.

tA(x y) = 1, + ﬁ'(]aF + A%a+ Aa*)

0|2{¢t recording medium Of CtA| reference wave & ZAIA|7{ object wave E
reconstruction A|7|= A E hologram & reading $tCt g &= U=0|, O|= Of2f
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B(x, y)ta(x,y) = t,B + B'aa”B + B'A*Ba + B'ABa"
Uy + U; + Uz + Ul
A 7|M Bxy)e fI0AM A3t reference &1t LX|SH= &2 20|
N HRY term QI U3 @F Us = Of2f{@F 20| LIEFL O EICE

Us(x,y) = B'lAlPa(x, y).

— 2
Us(x, y) = B'|A]7a"(x, y)
O| [, U3 7} object wave 7} EIEl term 0|2} & 5= U204, U4 2| B0 = a(xy)2|
conjugate =Z & L}EILHO{ X|[H, original wave 7} AT E|0{A ER/E HOZE &

UL
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Object wave Virtual image Reconstruction beam
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0| [lf, object wave & Z &0t U3 2| AL, object wavefront 7} A X| object 9
QA ZEE YAMSHE AME HO0|7| {20, virtual image £ IO} QA=)
10| BICHZ phase conjugate term Q1 U4 o] AP AKX ZE F7Hat0f| Y12 focusing

A7l Aar 20] &2 TS7] =0, real image & YIoHCt LHEL) 44

rot

2|

orthoscopic image 2} pseudoscopic image = ZI0|7| &K object & =3I

YeS 7|22 MU= 2=E|= image 2 Z0|7F FT &l image & 0|0F7| St

U3 9| BR0|= object OA Eitst= 2T Z0|E LtEtLH= wavefront &

Mdotx|2 U4 of BR0|= phase conjugate E2ZM HHH(ZO[)0| HTE|0f
of

ZHEXIO| A BHEE|= pseudoscopic image £ XjAiSHCE.

N ES IS
- Thin amplitude hologram 2| reading/writing 2| <&Z|& $AlcZ Z

BAHSIA=7} (10 )



Virtual image, real image, orthoscopic image, pseudoscopic image &

SYHSIA =7 (A 25 8)
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2. (157%) CHg 20| MBSIIR sH= HHE £AISS ALBSI0] AHLIA|L.
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| I A, (pump)
P 33—
S e — 4~ PCM
b-—————_———————— 7T —
e e e - 8=
| ////
| A, (pump)

Conventional
reflector

PCR (phase conjugate reflector)& 0| &3l optical resonator O|L}.
o] A HO| MZ YASHE 1 | H9| phase & @ 0|2} SFH conventional
reflector O HIAFE|Of LE2 2 819 phase @, &= Ofaj Alaf 20| LEEFE 4 QICt

0| [, & 2 conventional mirror o] = MHHELALY| |5l B X &| = phase 4f2 2|0| oL}
#2 |2 PCM Of YAtSH= 3 & 29| phase = Ofefjef 20| LIEHH == =0,

p.=¢,+p,(m.n)=¢ +¢,+¢,(m,n)

A(mn) 2 /HF2| AHe|F TA5H7| =20 HAEE|= phase ¢S 2|0|2tCt. OH A
TS| 2 212 PCM Of 2|3l phase conjugate E|0f BHALE| O] &l 4 & S A & =0
Ol of phase @, = Of2jt 0| LIE 5= RUCE.
b, =9, +a=—(,+¢,+¢,(mn))+a

PCM Of o|slf AAtet 89| phase QI @ 2 conjugate Z|A| E[1, PCM LHEOf A
HIIXOl a 2H29| phase Bi3t7t M7|A =ICH O|QF &2 #AI©Z conventional
reflector 2 / 2FZ 2| propagation, 12|11 PCM 0f 9|¢lf HEE|= phase = —.—H1°|
=0 25l @ 2| phase £ 2| =517 EICt 0|2 QI35 resonator 2 M % AULE.

Ot2{of resonator 22| HHM| IS 42 = LIEFLY QUL



$,=0,+¢,

p,=0,+¢,(m.n)=¢ +¢,+¢,(mn)
p,=—d,+a=—(p +¢,+¢,(mn))+a
p, =9, +6,(m.n)=-9 -4, +a

b, =9, +6,=-6 +a

¢, =9, +¢t,(m,n): —¢, +a+ ¢:(m=n)
g =—¢,+a =g, _fﬁr(m:—")

b, = ¢, + (zﬁ!(m,n): 9
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3. (15 ) Light field imaging (integral imaging)Oj|A] ot H &2 A4 (single-
shot image)Q 22 E| dhskd At zlojgg2 ZHA (focusing)El FArS

— o o
SO U= LS Y2,

Light field imaging (integral imaging) o] &g & A ==

CCD  Lens array
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(b)

Light field imaging (integral imaging)Of|A{Q| HlakH X o 2L}
2= 0 0]|0f 2I8HA CCDOf] YO{AI FAtS T2l (a)Q ZH0| TAl Mz z+zt 2



W 8 d2S 7KL QUL O|F O|8cto] I8 (b)et 20| &2 & & 4

a
JHRE HUES DOF £AINOR HIYSHR W Qu2 25 4+ qUrt

Hr

Depth 1 Depth 2
CCD  Lens array Depth 1
o) 01 P, = Y pixel(3,10,...)
2 P, = Y pixel(1,81,...)
4 f/ f/ P, = Y pixel(6,13,...)
6 Ps P Depth 2
Z TN\ P = Y pixel(3,15,...)
é U P, = Y pixel(8,...)
0 P = Y pixel(1,13,...)
12 <3 \/73
14 \ \>\

o
u

Light field imaging (integral imaging) Of| A 2| &4 refocusing |

rir
40

g 2ot
H= Of2|ofof 2lsf RO{Tl CCD oMo S&2 oA 283 Hiet 20| Yt
d2& 7tX 2 =0, 0| F 0| 8510 2 ZOo|ofM 2] szt HAS LIEHE =~ ALt
S =0 20|M2| depth 1 0fjA{e] SZteol =0l pl, p2, p3 = LEZ +41t
#0| CCD of Hdo| gt = LiEHE 4= QITt 0|5 0| &ot0 BHE 0| Feo|A 2| pl,

0R
0r
o

p2, p3 EESH CCD 2| CHE pixel o] ZotO 2 LIEIH = Q7| I{Z 0|, refocusing

9
2 Ht8Ho 2 = light field £ Fourier transform & Ed}f Fourier domain 0f A{
Ol 8g = =0l 7|2 -2 of2et ZLf



Panel
(top view)
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Light field
I(x.0)

z
[(x,0)= f(x+6)
Light field Object function
Panel O M LtR= Z42t2] light field & ¢ L&t 20| LEHE == A=, 24242
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O mj, 2t ugt & Fd5t= ray 21t =& HE 7+°d3t= ray 52 (X domain 0f
LIEFLY ™ otz 12t ZCt O|=HA| LIELLH light field & Fourier transform 2 SHH
Ofzf Alup 20| LIEFLEA E|1, Of2 D 8luf 20| E3 & = UCt

Light field in spatio-angular domain

Light field in spatio-angular frequency domain

Fourier Transform of Light field
L(f..f.)= ” f(x+0z)e ™ qvd 6

=F(f.)é(fiz—fe)



Depth 1 Depth 2

CCD  Lens array Depth 1
o, ;/ P, = ¥ pixel(3,10, ...)
2 P, = Y pixel(1,8,1,...)
2 /j f/ P; = Y pixel(6,13,...)
0 P2 2 Depth 2
Z TN\ P, = Y pixel(3,15,...)
9 L/ P, - Zpl:xel(&...)
0 Py = Y pixel(1,13,...)
1) <3 \,03
14 \ \>\

O] 2| depth refocusing 2 CtEut 22 IS IHELE 24 /2] CCD of M=
2tZ2t9| pixel & lens array 9 CCD 2| &0 2|8l light field & O|F &= 7|& &¢I
6ot x7t ™| RICt O] M, oA AHSE ray 7|EtO] Summation @ 2 LIEFLJO{ %
depth 19| pl,p2,p3 = (X domainOfA] Z2 7| 27| E 7IX| DA CtE y-HHE
A=z LERLEA ECr O] F goli A =S, depth 1 0ff focusing O] &l F4
T U200, depth 2 0| ZR0|= &2 YA22 7|27|8 EEtdE g4 &€ += RUCH
O|H% 2zt CtE 7|27|29] A2j=ZQ| summation O CtE Z10|9| refocusing =

LIEM S Ot= A 0| S K5tC}.

r

7HX=
oS e
= C =2

e 7'
- Light field imaging (integral imaging) 2| 7| 2 & 2|0 CHSH Al=0| Z|0f
A=7tG )
- Light field imaging (integral imaging) o| o HE =& Q2| E N2
A= G H)



- Light field imaging (integral imaging) 2| refocusing | 2|& X|CH =
A=t 6 H)

= O A -



4. A Gaussian laser beam with a beam waist Wg is incident on the lens with
focal length f. The wavelength of light is A. Find the distance Znin from the

lens to the beam waist behind the lens as shown in the following figure.
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5. (15 ) Zernike polynomials 7} 10|11 O{C|0j| O| 8 &|=X| A HSIA| L.
StM O 2 Zernike polynomial O|Zt unit disk O|A AlWdStE o=

o[no I3._ Ct. O|F 422 L{EtL T Of2jef ZCt.
Zy (pyp) = R (p) cos(m )

Z, " (pyw) = R (p) sin(mp),

n—m

R (—=1)*(n — k)! n—2k
R7(p) = Zkr(ﬁm_k)!(%—k)!’o

2k2k A9} ZZ%}O| Zernike polynomials O|C} 2|2| M o|Qt ZH0| Z+2t radial

part @ angular part = Of2|QF Z0| X dStAH =L

ﬁ V20 + 2R (p) V21 + 2R (p) dp = b

2m

f cos(mi) cos(m'p) dp = €T ],

0
2m ,

f sin(mip) sin(m'p) dip = (=1)""" TOpn ;M # 0,
0

2
f cos(mi)sin(m’p) dp =0,
0
O|Z A LIEFLJO] =l Zernike polynomials S| £7| & 7§o| &= LIEFLYH of2Het

#Ct.
|
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]
1
2pcost
2psinf
V3(2p? — 1)
V6p” sin 26
\/Epz cos 26

V8(3p® — 2p)sin 6
V8(3p® — 2p) cosf
V8p® sin 36

v@pa cos 36

VE(6p* — 6p% + 1)
V10(4p* — 3p%) cos 20
V10(4p* — 3p?)sin 20
v'ﬁp‘i cos4df

V10, sin 46

Classical name
Piston
Tip (lateral position) (X-Tilt)
Tilt {lateral position) (Y-Tilt)
Defocus (longitudinal position)
Oblique astigmatism
Vertical astigmatism
Wertical coma
Horizontal coma
Wertical trefoil
Oblique trefoil
Primary spherical
Wertical secondary astigmatism
Oblique secondary astigmatism
Vertical quadrafoil

Oblique quadrafail

FSHA
StA
Zernike polynomials | Z2tZto| CatAl O| o|-L|-O| _“,\_X}E = 0||:||oH:f :LEU|O1|

2|
Zernike polynomials o] gt 2 11X} 5l

ULt

ME 7z

-

C}QFSH ol = =l wavefront =

A

Sk A
cél-_l_



6. (15 &) Optical Coherence Tomography 2| &lZ|E HYHTIA| 2.

Optical Coherence Tomography (OCT)
0| &3dt0 &OrRl=

H & E tomography °| 2| &
J2a 24,

=
—

A (interferometry) o 2| &

(in vivo) A|22| 7t2 (lateral) Etake ofL|2} Z10| (axial) ElEkO)

0| 83}0] AOojLi=

BO|C}. OCT 2| 7| = &2|= Oy

C__———1 .
. Axial (Z)
Rgtercnce Scanning
Mirror &
E (1), Fy(@)
Collimation Lateral (X or Y)
Lens Scanning
Beam ‘\
QT
OPIINCT
—‘/— ( 5 ! E (). Py (®)
Low coherence
light source Objective
Lens
Beam
Reducer P e
Photo ) \_l,./’l’ ,
detector Sample under test
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=

Michelson type 7 A 9| HEH

OF

= -
E
o
do= LiF|A =Tt ol Coherence 2l

Beam splitter & £ 3} photo detector 0f A{

¢y MES 240A =X2 g Sl
s

o

=

N2
o=

=Zd
=

F

mirror H|

scanning O EM ItZ
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o

mirror 9| =
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—

low coherence light source & A} d|{OF

S| 0l E &
| 222 Y2 A R0 ol BtAtE[= Sl1} Reference mirror Of 2|5 HEALE|=
2 ALESHA E

St At
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F g

8% OCT 9| 7|2 U2|S HHHY

7] 4|20, Beam splitter £

M, A|ZO|M HhEl 2
Ao 7| A =ICt OCT 0| A= 0|23t
A2 AL =T, AZTHo S

o
= ULF.
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r|r

A
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=3l OPD(optical path
2o & & AL o] m,
oherence length £ 7tX| =

LSt reference

M7 (10 ®)
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20| (axial) &teF HE 2E5Z ¢l low coherence light & At&3t= 0|
SYHSAE=7H (5 F)
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