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Kerangka materi

e Tujuan:

Memberikan pemahaman tentang sifat dualisme partikel

dan gelombang

Sifat dualisme |:>

Sifat partikel
dari gelombang
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D

Teori
Quantum
Cahaya

—

Mekanisme sinar-X, efek compton

[ Gelombang elektromagnetik, Efek fotolistrik, karakteristik foton ]
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Cahaya: partikel / gelombang?

Pacdiation Type Radio Microwave Infrared Visible Ultraviolet X a}* Gamma I'a}"
Wavelength (m)  10° 107 107 0.5%107® 10°® 10710 10712

s ? 8o L @

Buildings Humans Butterflies MNeedle Point Protozoans MWMolecules Atoms  Atomic Nuclei

10* 108 10" 10% 10' 10'® 107°

Temperature of _
objects atwhich 4
this radiation is the |
mostintense g
wavelength emitted

3

1K 100 K 10,000 K 10,000,000 K
-272°C =173 °C 9,727 °C ~10,000,000 °C
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Pandangan Fisika Klasik tentang Partikel-Gelombang

Kelakuan partikel & gelombang:

4 Elektron, proton, neutron dipandang sebagai partikel.

] Radiasi elektromagnetik, cahaya sinar-X, dan sinar
gamma sebagai gelombang.

O Newton — Inggris abad 17

—>Teori Korpuskular (cahaya terdiri atas partikel)
4 Huygen — Belanda abad 17

—> cahaya terdiri atas gelombang-gelombang.

- terjadinya dispersi dan interferensi
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Eksperimen dan Teori Penunjang Gelombang Huygen

O Interferensi Gelombang olen Thomas Young (1801).
Percobaan celah ganda menunjukkan difraksi &
Interferensi

d Persamaan Gelombang Maxwell (1864). Gelombang
Elektromagnetik (perubahan medan listrik-magnet)

1 Percobaan Hertz (1887), membuktikan bahwa cahaya
(gelombang elektromagnetik) mengalir secara kontinyu
dan terdiri dari gelombang-gelombang.

Gelombang berlaku Prinsip Superposisi

- Amplitudo sesaat pada suatutitik tertentu adalah hasil dari

penjumlahan masing-masing kuantitas gelombang saat itu.
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Penunjang Teori Partikel dari Newton

1 Spektrum radiasi dari benda hitam
1 Efek Fotolistrik

O Spektrum-spektrum dari sinar X
1 Hamburan dari Compton

O Spektrum-spektrum optik

energiradiasi elektromagnetik tidak lagi kontinyu, tetapi dalam
bentuk energi diskrit yang disebut Foton.

- Energi elektron yang dibebaskan cahaya bergantung pada

frekuensi cahayai itu.
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Teori Kuantum Cahaya

c=2,998 x 108 m/s

(dalam ruang hampa)
Uo= 4n X10-" H/m (permeabilitas magnetik)
£, = 8,854 x 1012 F/m (permitivitas hampa)
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Gelombang Elektromagnetik

< Increasing Frequency (v)

10 10* 10 10" 10" 10" 10" 10" 0% 10° 10 10° 10" v(Hz)
I I | I I I 1 I 1 | I |
Y rays X rays uv IR Microwave |FM AM Long radio waves
Radio waves
| I I 2 I ] ol ] | l | I | ]
10 10 1002 10" 10° ! Y0° 10°* 1072 10" 10° 10 10° 10°% h (m)

et R Increasing Wavelength (h) —

' Visible spectrum '

o o o o o
400 500 600 700

Increasing Wavelength (A) in nm —
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Prinsip Dualisme

« Cahaya memiliki sifat dualisme

— Gelombang elektromagnetik (Teori Maxwell) dengan A tertentu
» Kecepatan propagasi c
» Gelombang radio, Microwave, IR, Visible, UV, X-Ray, y-Ray
— Sebagai Paket energi, foton atau partikel (teori Planck & Einstein)
memilim & p

hc 1240eV-nm
A A

0 0

E-—

o Sifat-sifat cahaya
— Propagasi
— Polarisasi
— Interferensi
— Difraksi
— Radiasi
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Klasifikasi dan Energi Cahaya

Warna Ao (NM) f (H2) Eiion (€V)
red 630-760 ~4.5x 1014 ~1.9
orange  590-630 ~4.9x 1014 ~2.0
yellow  560-590 ~5.2x 1014 ~2.15
green 500-560 ~5.7 x 1014 ~2.35
blue 450-500 ~6.3 x 10% ~2.6
violet 380-450 ~7.1x 1014 ~2.9

¢ Cahayadengan panjang gelombang A, < 400 disebut ultraviolet (UV).
¢ Cahayadengan panjang gelombang A, > 700 nm disebut infrared (IR).

Cahaya tersebut tidak dapat kita lihat langsung, namaun
bisa dirasakan dengan cara mendeteksi efek panasnya
pada IR dan dampak yang terlihat pada penderita
kebakaran kulit karena UV.
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Energi berdasarkan panjang gelombang

FREQUENCY
300 EHz
30 EHz
3 EHz
300 PHz
30 PHz
3 PHZ
300 THz
30 THz
3THz

ray model

particle model .

WAVELENGTH  BNERGY
1pm 1.24 MeV
10 pm 124 keV
100 pm 12.4 keV
1nm 1.24 keV
10 nm 124 eV
100 nm 12.4 eV
1pum 1.24 eV
10 pm 124 meV
100 pm 12.4 meV

Advantage: Simplicity.

Advantage: Color is described
naturally in terms of wavelength.
Required in order to explain the
interaction of light with material
objects of sizes comparable to or
smaller than a wavelength of light.

Required in order to explain the
interaction of light with individual
atorns, At the atomic level, it
becomes apparent that a beam of
light has a certain graininess to it,

CLASS REQUENCY
: 3 THz
IR 300 GHz
EHF

30 GHz
SHF
UHF 3 GHz
VHE 300 MHz

30 MHz
HF
MF 3 MHz
LF 300 kHz

30 kHz
VLF 3 kHz
VF/ULF

300 Hz
SLF
ELF 30 Hz

3 Hz

WAVELBNGTH
100 um
1 mm
lcm
1dm
1m
10m
100 m
1 km
10 km
100 km
1 Mm
10 Mm

100 Mm

BNERGY
12.4 meV
1.24 meV
124 eV
12.4 eV
1.24 eV
124 neV
12.4 neV
1.24 nev
124 peV
12.4 peV
1.24 peV
124 fev
12.4 fev
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Terjadinya Interferensi pada gelombang

O Penerapan superposisi

0 Gelombang memiliki frekuensi
yang hampir sama

0 Gelombang menjalar melalui

- - medium yang sama

Pola interferensi
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Efek Fotolistrik

Terlepasnya elektron pada permukaan metal karena adanya
energi foton yang jatuh pada permukaan metal tersebut
dalam ruang hampa

' EKmas =V —hV, J
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Energi Kuantum dalam Efek Fotolistrik

o E:=hv ®c
\ hv > hv, /_YfEk

00800000 metal 00000000

Energi Foton (Ey)

E, = hv (eV) Incident Light | E;
\
h = konstanta Planck \\
= 6,626x1034 Js 00,0
electrons

= frek i foton (H
v=frekuensifoton (Hz) + ANODE CATHODE -
Vo = frekuensi ambang material
EKaks = Energi Kinenik maksimum
hv = energi kuantum hv = EKmaks + Nvg |
hv, = fungsi kerja metal ; g
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Fungsi Kerja Metal (hv,)

E photon = hv

700 nm Vim
1.77 eV 550 nm Viax = 2.96:{105 m/s

=]
o = 6.22x10° m/s

2.95 gV na
400 nm
3.1 eV
Ie J’e
no . o
electrons g ot
rF &

Potassium - 2.0 eV needed to eject electron

Photoelectric effect

Metal Work Function eV*
Li 2.9
Na 2.4
K 2.3
Cs 1.9
Ba 2.5
Ca 2.9
Nb 2.3
Zr 4.05
Mg 3.66
Al 472
Cu 4.6
Ag 4.64
Zn 3.6
Sc 3.5

METAL | WORKFUNCTION (eV) METAL [ WORKFUNCTION (eV) |
Al 4.3 Ru 4.7
Ti 4.33 Rh 4.98
v 4.3 Hf 3.9
Cr 4.5 Ta 4.25
Mn 4.1 W 4.55
" Fe 47 Re 4.96
Co 5 Os 4.83
Ni 5.15 Ir 5.27
Nb 4.3 | Au 5.1
Mo 48 J TaN/TaSiN 3943
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Foton Berenergi Tinggi = X-Ray

\ (2 28 '
il W % § &€& (B O -
Buildings Humans Insects Grainsof Human Protozoa Molecules | Atoms  Atomic  Subatomic

sand cells nuclei particles
Radio Microwave | Sub-mm Infrared Visible m X-ray | Camr A
10m 10 cm 1 mm 0.3 mm 780 nm 380 nm 108¢m 0.07 nm 0.000001 nm
Wavelength

S B e\
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Mekanisme Sinar-X

Waveisngth lam 120 om 10mm Sre 180pm 12om Tpm 1886m

wisilils |ight
wltraviclet light

gamma rays

Photon energy 16¥ 166V 160eW  Lked  1Dxe¥ 0D keV T Med 18 Mey
A A_F K

Mooz ai TF Alrprrt secarity

. T
E-ray oreslotleoapkyy Mashmoooripby

incident
electron

secondary
electron

inelastically ®
scattered
incident electron

B

outer shell
electron

drops into
inner shell hole

characteristic X-ray

hC E = energy of the X-ray
E — — h = Planck's constant
-J’l- ¢ = speed of light
A = wavelength of the X-ray

_ 1.2398
A

where i is in nm and E is in keV
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Pembangkitan X-ray

K K Electron
Removed .
Characteristic X-ray Nomenclature
Ka Kixd
E K. L and M refers to the sheb from whick the
= electron was knozked out,
= Kf Emission
B o i [ o resters te e reinbier of sty out thay
ﬁ W the orbital électron dropped to fill the vacancw
5 & = drppped one sheil, N
o fim sreppac tw chilis,
= o dropped thre shells,
o L y L-Electron
= - Removed 1. 2. 3 et refors to the subshell thal the donating
.§ k=] election carve from. Each subshelthas s K family of lines
E Lo dEifferent spin and tharofore & different energy
M LS [ M-Electron heved.
1] Removed
i Ma
N N-Electron
{N Removed
Esnsaanhannnss Y, Incident Radiation from
Normal :fal:lm Primary X-ray Source
Removed
He_-ated filament Electrans are accelerated
emits electrons by by high voltage
thermionic emission anode

¥-rays produced when
high speed electrons

cathode
éé hit the metal target

X-ray tube | ;é

L family of lines =

Ejected
L-Shell
electren
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Karakteristik X-ray
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Tipe Radiasi

[Types of radiation and their characteristics]

d rays F1) -
P rays
yrays : d 3
A rays
Meutron rays
Thin matal sheat Thick lead or
P r !
ape (aluminum, etc.) steel plates Water or concrete
Stops Clrays Stops P rays Stc;ipi ¥ rays Stops neufron rays
an rays
Source : Formulated using data in The graphical fip-chart of nuclear & energy-related topics 2012, The Federation of Electric
Power Companies of Japan
. o {nimrsrien of enizing radisen with metier |
Characteristic X-ray emission lines for some common ; g
anode materials.! 518! o 4 ol
F P .
Ancde Atomic Photon energy [keV] Wavelength [nm] "& AR W*:‘T?%jg:z%w;
material number K, Kg1 Ka1 Kp1 4 P H ; oty
w74 503 672 00209 00184 rj e |
Mo 42 [175 196 00709 00632 i SR
cu 20 805  (8.91 0157 |0.139 Yoo R
L .+ Lt \
Ag 47 222 249 0.0558 |0.0497 e,
Ga M 925 10.26 0134 0121 n a N S ke
In 49 242 273 0.0512 0455 ;f’:q 3.“ "
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Difraksi X-Ray untuk mengetahui struktur kristal

Electron Energy Analyzer (0-1.5kV)

(rmeasures kinetic energy of electrons)

N

Electron Detector
{counts the electrons)

Photo-Emitied Electrons (< 1.5 kV)
escape only from the very top surface
(70 - 110A) of the sampie

Electron
Colfection
Lens

Focused Beam of :
X-rays (1.5 kKV)
Elactron \

Take-Off-Angle
lr- 1= E =
. Si(2p)
Si0, /Si® i
Sample '
Samples are usually solid because XPS Si{2p) XPS signals
from a Silicon Wafer

requires ultra-high vacuum (<10° torr)
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Pengukuran

Bidang Bragg dengan Difraksi X-Ray

.

H\“‘\
;

r
x-ray :hantw.‘l:t:l?l'Jr S/

s film
."r
|"l-
ankhntx#:vhoun | )
L | " monochromatic D
| L] {
[E [ / L, x-ay beam By/
) crystal
\\
F | =
", A
~_ T IS
Incident

ll
plane wawve gt

2d sin @

Constructive interference
when

nA =2d sin 6
Bragg’s Law

Intensity [a.u.]

® -
(O
E —— TiH, treated h 430°C
. — TiH_ untreated Peak Index:
TiH,
] o Tio
| § Ti,0
s =R
i 7 8o £
=2 frol 8 =% Ao T,
'_NN Hﬁ I\mﬁ o
1 I 8 i 5
] 1 I3
a0 40 ag G0 70 a0 a0

26 [degree]
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Struktur Lattice Kristal (Bravais Lattice)
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Crystal lattice examples

Jg‘:‘_a?! ‘ii
- $ & &

Cubic body centered (bee) Cubic face centered (fog) Hexagonal

Fe, V, Nb, Cr Al, Ni, Ag, Cu, Au Ti, Zn, Mg, Cd

/ A

Cubic BCC FCC

Tetragonal

Orthorhombic systems
- _--—"'_'

Fhombohedral systams
._.--"""J F p

Monoclinic Tril il
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Efek Compton

E=hf=pc
p=h/A

Scattered

low-energy
hoton

photon

Incident photon

-l = E=hfy=poc
- i electron > P W W N #
p,=h/A, Y ¢

Conservation of energy

> .
puc-l-mcz = pe+ yJme’ +p, X Recoil electron

Conservation of momentum Ee
2 2 _ 2
pytp°—2pypoos(@)=p; P.
where
g ~Qutgoing A is the initial wavelength,

photon Iy .
' is the wavelength after scattering,

' r
fgf;"%pjb AN =A= C“ — CO8 5'), h is the Planck constant,
e, TECEs .
g om ted c M, is the electron rest mass,

\L. ¢ is the speed of light, and

f is the scattering angle.

Incoming photon |

N ec adalah panjang gelombang compton elektron dengan nilai 2.43x10712 m
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