


astd =/d (Optical Properties)
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- 19| Q1Z} (particulate)?} If= (wavelike) &7

b) 2+A} (Photon)
H1 0| QFRF =2 (quantum unit of light)

E=hv=E
A

E =energy of a photon

A = wavelength of radiation

v = frequency of radiation

h =Planck’s constant (6.62 x 107%*J-s)

c =speed of light in a vacuum (3.00 x 10° m/s)



a4 =/d (Optical Properties)
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=4 (Refraction)

« =4 (Refraction)
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(2 E) = c (velocity of light in vacuum) og ca 15-17
v (velocity of light in medium) ZgtAE 1.3-1.6
LHolof=E& 2.41
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A=t (Scattering)

o 4t (Scattering)
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D BAHYH 7|2 315 2 A (Amorphous pore-free polymer)
- +FE A2 §l& (Little or no scattering)
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Al (Semicrystalline polymers)
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(LDPE (Low-density polyethylene))
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-=+d 22 ¥ =4 (Beer's Law)
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o A ZO|A WO 54 ql HEA}

a) H| 20| =2 (Ey)

- 2H Sx (OK)AA Hap2t 718 4 U= 2O oH 4] =
- ?:!—1—1 =& TO|M M7 (4 =HE f(E=E()=1/2 ¢! oHA| =4
= — b _
b) X2| S HFA} S — R —
_ —_—- —— -
@ E9 =+ Unfilled Unfilled
- 2| YA = A A states—|— states—|—
4o 54 o = A -
- OL{3] 152 (AF) G
= 27} |47 1 ________ o Ferm 1 2
S rJ.Z'CL Energy 5 Aoj,jw
@ W urit : —y
= - Photon o Filled @ R
- 110f| L X| Of| A absorbed _g_ states @ ::_ﬁgg
AToE A= S8 Ak Filled _g Filled o 2%
A AT = states —e states —e— HMH
- HEALE (p/h): 90~95% —— el
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a) HtALE (Reflectivity, 1o/ D)
=Z<£0| HrA L 0.90~0.95.
@ =25 BH 20| oo
@ B sadH 2 HEES €2 YoM HRATE O] b



A 2O| TarA EA
H| 2 49| &3t F/d
« H| 2SR ZO|A Lof HhA}

a) H| 29| HEALE (Reflectivity of Nonmetals)

- 51o] 1| 21w YAt (normal incidence) £} A| 2HE

(refractive index (n))

R = reflectivity = (n — 1)
n+1
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a) SHEROfl M O] E4
- E% ZIp4 ()9 8 E47F HAHO|Of o3 LA (hy> Foap)

A AALO]| LA A

—©— unfilled states

ra

¢

SO L A

blue light: Av=3.1eV | —&—
. ——
red light: Av=18 eV —o—
7

Ol AFI R} Y | Epon
AR (h) ~) o
~ -
~ —e_
——
——
——

b) YA |0 hE HO| 5

- Fgap < 1.8 eV: 2= Hl 9] 34 =EM A = (e.qg., Si, GaAs)

_18eV<Egap<31 eV
- Fgap > 3.1 eV: 20| =4

H z-
T'__—l =

o] X=X
A U3
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HZO| B S
Hhe 2|9 Fsty &
L HEEFO) A o] MEE E4

a) I3 =30 ol M4 AH
- EF=l B (transmitted light)2Q] AHZE
- HAHO| 2 2E] H | 2| &4r
b) HF || (Cadmium Sulfide (CdS), £,= 2.4 eV)
-4 B (TRHA HERAY): T O 42| HO| 7HA| T
-2 RO (BG, 22, 23) A U R SELY TFA[EAd

O/, T o
c) M2t} (FH|: A0 0] (Al,03) + (0.5-2) at% Cr,03)
D AHIO|Of O] FEHEA o [
- FHEZ (5> 3.1 eV) = 70 AILEO|Of
@ Cr0; A7} =
- HHE7H HS LH 60—
TR =] B H|
— AH77FO| HF5 = 50—
=l =2 - _ _ u]l.
M Iy, 8 28,25 01 117 11 ]
A E 7} HEE7 L 0.3 0.5 0.7 0.9
R - o} (A) (um)
- 2H|: 7] 2 W7 HAH HFS
T IO 2L 1 2 =

Adapted from Fig. 22.9, Callister & Rethwisch %e. 12



HEal (Luminescence)

(donor), =9 (acceptor) AFEl

=<=) FL0M AT =
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A4 1t BEAHY D) (radiative decay) 2|$F
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(cathodoluminescence)
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2| A} drdk(electroluminescence)
n
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A2 B £

Lt (Photoluminescence)

e - Hg A}
Q ® ./ Q Q ® o o
0 o o UVlight © o ° .
3 43

- 243 Af0| 9] OF A (Arc): T M £ XS TOLAZ| 2 07
- Z479] BRELAFEY (ground state) 40| 93 UV M & (MEH 24 I),
- §20| ob% BRO| TYE BUY UV E4 Y TR B

- 34 YOI EHO| faf M 2 (S (IFZHA), Mn?' (52 27| A)))

http://blog.daum.net/solar-roadsign/10495205 14


https://www.hit500.or.kr/product/9999959957302/9999999999983
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== &4 (Cathodoluminescence)

M EH (cathode-ray tube)
M g uof o5t wa
=2 20| ARz ER3 5 AL=EH A7 =2 oA

—
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—
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< ZZI (Electronic Beams)
i 2 eflection Yoke)

=(Electronic Gun)
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https://namu.wiki/w/%ED%8C%8C%EC%9D%BC:external/www.computershopper.com/how-it-works-crt-monitor.jpg
https://namu.wiki/w/%ED%8C%8C%EC%9D%BC:external/www.computershopper.com/how-it-works-crt-monitor.jpg

2| HEH S

M Ara-d (Electroluminescence)

.« A Y

= O
a) MAEY
- JRME BB 77| e sl AlAY T T
b) gFat C}O| @ = (LED: Light Emitting Diodes)
2-10V DC
Electron Metal cathode 1
vanspor o !

Hole injection
and transport \

(p-type) layer

Organic \ (
emitters

layer

A e

Glass
substrate

Light output

Fig. 22.12, Callister & Rethwisch Ye. (Reproduced by arrangement with Silicon Chip.)
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A 20| BaHY S
7|84  £=2]0| (Organic Light Emitting Display)

 Organic Light Emitting Display (OLED)Q| €i2| & 1A

OLEDS| -5 e OLEDQ| td
st 7o 21 XIS GO, 4 &
EML - ‘ EIL ‘
S \ | = |
HIL EIL ?
- 2z B=

48 188 HFDF AR} 8 \ HTL |
20| AA EO = ol de ;

ITO T d T O T d ganic = ‘ HIL l
o . ”n — 1 Anode (+) I
SN y ©

Cathode(-)
EIL
Under UV irradiation ELL
.
4..° a “ ’ I8 HTL
; { X HIL
: AbaceCh)
Glass
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(light-emitting diodes), EfYZ X| (solar cells),
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Of| L A]

—

—
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I

AR
usually > C)

=52 1 unit 50| 215

o

A2 F (Heat Capacity)

O A =0f| O

b) B3| At
_1%

20

T (K)

C{H}O| (Debye) =&




H| (Specific Heat)

Y= g2 ¢, (J/kg-K)
e J1HX
Polypropylene 1925 ¢, (specific heat, J/kg-K)
S Polyethylene 1850 C,(heat capacity, J/mol-K)

S Polystyrene 1170
I Teflon 1050
D
e
Q [ ] * nl
'E Magnesia (MgO) 940
§ Alumina (AL0,) 775
" Glass 840
N
X|O [—— S
Q” Aluminum 200
= Steel 486

Tungsten 138

Gold 128

Selected values from Table 20.1, Callister & Rethwisch 9e. 21



=
Aol

o)

(o HEAHS
¢ E—l E}EID.I-'é?_I

d

| N

T LA 20l
BO|HA|: FAF HSHHI=E XY
- 222 O R 252 F710 mref B 2504 A
(atomic vibration energy) S7} |
@ RPPPPoPP P oo 0
b) ¥ A} 1% (Atomic vibrations) @ @ P o? 0:0? @ 9 Pe®5%0° &
P o P%%°PP e 9 Pgoe° P
- A I} (lattice waves) & @ s o
- N _ = o @ PP 9 o © 50
X = (phonons)2| FE| 2 A ° & P Pe°o0

@ 0@ o
EOj| L | A PP O 00PN P 09 PG,

= = © YR )
e P O P Y0P o @ g°y°
c) A A} &= (Electron motion) PP @ 9 P PP 00 @0
A S50 o3t ol PPt 0 @RI FPoew

& Normal lattice positions for atoms
@ Positions displaced because of vibrations

Adapted from Fig. 20.2, Callister & Rethwisch Pe. 22



I zF (Thermal Expansion)

final

o

Ttinal 2 Tinitial

I

Ini

E8Y

0
initial _ OCE(T —T

tial

final initial )

M&EH 4= (1/K or 1/°C)
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I zF (Thermal Expansion)

o - O
- N
a) @A B2 b) B 2
H 1 ﬁ_ - -
T 0 Interatomic distance T 5 Interatomic distance
= 115 >
E} ||.|r3 E}
(1)) N o )
- NERE] .r5 c
038 R o g
-2 s e T O
T 2 Eaf- :|_1 T = &
QL D 1y o2
= © Ea__ mm —— E
ﬂ—.gEE—— '.I ﬂ_ﬁ
[y | ©
s EqF- ! g
= rlD
- A 27F 7 E]-0|| L4 2| Q] H|CHR - HAE A -0 H R 9] T 2

(Symmetric curve)
- 520 I EAE A Het g2
(no increase in interatomic

separation)
- O WY UL

A (Asymmetric curve)
- 520 L& HAE AHE| S7¢F
(mcreased interatomic

separation)



A I 2FEA| 4~ (Thermal Expansion Coefficient)

A= i

Polypropylene
Polyethylene
Polystyrene
Teflon

P—
o=

Aluminum
Steel
Tungsten
Gold

o A al
Magnesia (MgO)
Alumina (Al,O;)
Soda-lime glass
Silica (cryst. Si0,)

B WY 4

a, (107/°C)

145-180 A FAE=
106-198 (a,) LEfH
70-150 > K5t O| 2} A S
126-216

23.6

12
4.5

14.2

13.5
7.6
9
0.4

Selected values from Table 20.1, Callister & Rethwisch 9e. 25



AL T (Thermal Conductivity)

e AR T
a)WAEE: P2 0| SA|7| = YB2o

Fourier's Law

dT / o5
asE /'

S = 7-2 > 7-1
(J/m2-s) é
AHE T (J/m-K-s)

T1|—

heat flux

b) B E g

12 FHOM FAHAE RIZ (vibrations)t AFS A 2} (free electron)s=
=

S
NHUAE 272 BF 2= O|SA .
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AL T (Thermal Conductivity)
c 5o EHUEL

A= k (W/m-K) oL A 40| 7Y =
o« &
Aluminum 247 oAts X AARUAES
Steel 52 (atomic vibrations and
Tungsten 178 motion Of free
Gold 315 electrons)
° al

- AMagnesia (MgO) 38

= Alumina (AL,O,) 39 dAds

‘0 Soda-lime glass 1.7 (atomic vibrations)

§ Silica (cryst. Si0,) 1.4

LC) e 1IEZ}

' Polypropylene 0.12 AHESEZREO| /3| A
Polyethylene 0.46-0.50 (vibration/rotation
Polystyrene 0.13 of chain molecules)
Teflon 0.25

Selected values from Table 20.1, Callister & Rethwisch %e. 27



A == (Thermal Stresses)
A

- 84 /=55 A S (restrained)
- 2 J1H{ (temp. gradients)= XL H 3 A O
(differential dimensional changes)

b) 2% 23 A

ne

o
g2 =5

- Ea,(T,-T,)=Ea,AT
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AA &£ 3 A<t (Thermal Shock Resistance)
- 20| A &3 A

) B &3 YA
- 2FUF IR U S5

2}
o
Ea(T T,)

HZ2Ho| oJf A7t =& *0| Imty| Vs 2 X}0| (set 0= o)

guench rate o
T.-T))= T -T =1
(T 1 2) k ( 1 ZT)fracture E aﬁ
set equal

afk

Eaz

(quench rate) = Thermal Shock Resistance (TSR) «

for fracture

29



http://www.inven.co.kr/mobile/board/powerbbs.php?come_idx=2097&my=con&p=5&1=311824
Fig. 19.2-4W, Chapter-opening photograph, Chapter 23, Callister ée.
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http://upload.wikimedia.org/wikipedia/commons/1/10/STS-107_Cockpit_Video_3.jpg
http://upload.wikimedia.org/wikipedia/commons/1/10/STS-107_Cockpit_Video_3.jpg
http://upload.wikimedia.org/wikipedia/commons/f/fd/Stsheat.jpg
http://upload.wikimedia.org/wikipedia/commons/f/fd/Stsheat.jpg
http://upload.wikimedia.org/wikipedia/commons/thumb/3/34/STS_orbiter.png/697px-STS_orbiter.png
http://upload.wikimedia.org/wikipedia/commons/thumb/3/34/STS_orbiter.png/697px-STS_orbiter.png

A& H o A|AH! (Thermal Protection System)

b) ArEA =
- AUYE & B 227t (Silica) (4822 E R 400-1260°C)

T ———

~
e
——l
L

e

reinf C-C silica tiles nylon felt, silicon rubber
(1650 °C)  (400-1260 °C) coating (400 °C)

@ 4 A2 45 @ WEOIM=
NS "f??:a:" - 7| & & (porosity)
i 90%
Vo - 7123
\ L2 FXE SEh
287t 47 A2
=

M, (WEY3E 1R

Fig. 19.2-4W, Callister ée. 31
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o

8%

M

re
(o=
=
[
e

Har

A

g=

=F (Heat capacity)

=5 (7) 22 A=z 122 225 =0|=0 ERsh of|HA|
A= (atomic vibrations)= Of| L] X| A%+

A4 (Coefficient of thermal expansion)
A RS F7|7F 250 Mief Het
AMzZO0L g Ales Z0 AFAPZ 7S 2 €/ T

I (Thermal conductivity)

TUEE HEY A2 HLH 4 Qe 53

5 2A:

=
=
MBOCEAHE =3 2 240 FAH T =3 Izt

a- o

ZAHZAX 3Gt (Thermal shock resistance)
SAAY 5 34 =, Az TjY YR 55
O

2AXMS (=) 24E 228510 TS 2B 7|AH U =
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