b Ch. 2. Particle Properties of Waves

The King

\

WWW-Physfcszoﬁ'-:r 09

Albert Einstein (1879-1955)

Center for Active Plasmonics
.’ Seoul National University Application Systems




g3 Seoul National University

Light
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il et there be light,” and there was light.

God saw that the light was good, and he separated the light from the
darkness.

(Genesis 1:3-4)
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oy Light

*\We all know what light is; but it is not easy to tell what it is.

- Samuel Johnson
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- 1665 Grimaldi
- 1678 Huygens
- 1704 Newton
- 1804 Young

- 1818 Fresnel

- 1860 Maxwell
- 1905 Einstein

¥ Seoul National University

History of the Study on Light
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L Newton

Isaac Newton
(1642-1727)

OPTICKS

TREATISE

| OF THE
REFLEXIONS, REFRACTIONS,
INFLEXIONS and COLOURS

L'FGHT.

A sketch (left) from Mewton's

| r g o /))1 1672 notebook st ligh
1 notebook shows sunlight
T“'ﬂ' T R E .A. T 15 E 5 1 / ! entering through the window
3 oF THE [ ! at right, passing through a
[l | triangular prism, and splitting
|[SPECIES and MAGNITUDE j/ into a spectrum of colors.
o F i [' One of the earliest known

IJ studies of optics (the science
11 _Q_. ! of light and vision) was done
: I by Islamic mathematician lbn
} al-Haytham (965-1040), also

Curvilinear Fl'g,urr:'l.

LeNDON,
known as Alhazen. His sketch

Prested foe = and By WarroRng,
Frinters 4o 1l Rayul Saqy , or the Frisen Jes "F of lenses is below.

%1, Pisls Churaboqusd.  NIDECIV-

J. Hakim, The Story of Science — Newton at the Center,
Smithsonian Books, Washington DC, USA, 2005
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Young

Thomas ¥Young (1773-1829)
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Constructive
interference
produces bright line
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Destructive
Monochromatic interference

light source produces dark line
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James Clerk Maxwell (1831-1879)
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Electric field

Direction
of wave

Magnetic field
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Thermal Radiation
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Blackbody
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Blackbody Radiation

T = 1800 K
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Cavity Modes |

1 0°E(rt)

2 2
C at 27 2nv @

k = — —
V-E(r,t)=0 A C C _—

E, (r,t)=E,(t)cos(kx)sin(k,y)sin(k_ z)

V’E(r,t)

nu

E, (r,t)=E, (t)sin(k,x)coslk,y)sin(k.z) .- =

- ——

E, (r,t)=E,(t)sin(k,x)sin(k,y)cos(k, z)
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Cavity Modes I

k,=m, /L, k,=m /L, k,=m,/L

n.,n.n =0123,...
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Mode Density |

1 2
g(47zk dk ) .
(7 /L)
Mode density G(k)
Number of modes between k and k + dk (per unit volune) = G(k)dk
k? k*
G(k)dk=—dk  G(k)=—

Many books use the notation of p(k) rather than G(k).
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Mode Density I

Mode density G(v)
Number of modes between v and v +dv (per unit volune) =G(v)dv

_ ¢k

2z

G(v)dv=G(v)dv

v

dk k? 27 B 8rv°
dv 7° ¢ c

G(v)=G(v)
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Spectral Energy Density

Spectral energy density u(v)
Energy of radiation fields between v and v +dv (per unit volune) =u(v)dv

u(v)dv = EG(v)dv
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% Rayleigh-Jeans Law

© = —E/(kgT)
— Io Ee *dE (By Boltzmann Distribution
E= J-ooe_E/(kBT)dE = kBT or by the equipartition principle)
0

2 2
871V

C3

u(v)dv = EG()dv = ke Tdv
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Planck

In 1900

“After some weeks of the
most intense work of my life,
light began to appear to me
and unexpected views
revealed themselves in the
distance.”

Max Planck (1858-1947)
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S0P Planck’s Blackbody Radiation Law

u(v) = 87zhv i
exp (Vj -1

h=06.626x 10_34J .S Planck’s constant

Center for Active Plasmonics
» Seoul National University Application Systems




4hf

Shf

2hf

hyf

0

© 2005 Brooks/Cole - Thomson
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O n=-oco

E. =nhv
N :O1 11 21
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_ EXp(— En/kBT)
P(n) B ZeXp(_ En/kBT)

A=exp(—hw/k,T)

(n)= Zn:nP(n) =(1- A)Zn: nA"

0 A
=(1-A)A— > A'=——
( ) 6A; 1-A
1

)= exp(hv/k,T)-1

Planck’s Law |

(for advanced students only)
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Planck’s Law I

8xv° . hv
¢ exp(hv/k;T)-1

1.5¢

u(v)=_G (V)<n> hy =

u(v) = 8zvk,T/c? (kT >> hv)

1.0f

(h?c*/87k3T® )u(v)

0.5+

| | hv/k,T |
u(v) ~(8zhv°/c®) exp(-hv/keT)  (KeT <<hv)
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5 h After All... Due to Einstein

87v° . 1 Ty
¢’ exp(hv/k;T)-1

u(v)=G(v)(n)hv =

., Center for Active Plasmonics
. Seoul National University Application Systems




Einsteln

Nobel Prize in Physics 1921

"for his services to Theoretical
Physics, and especially for his
discovery of the law of the
photoelectric effect"
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Photoelectric Effect

Light
+ Electrons _
*—>

Evacuated quartz tube
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X-Ray

Wilhelm Conrad Rontgen Picture of Mrs. Rontgen’s
(1845_1923) hand, taken on Dec. 22, 1885.

He probably could have made tons of money by patenting his X-ray machine — but he didn’t. A friend
wrote of him, “His outstanding characteristic was his integrity.... [He] was in every sense the
embodiment of the ideals of the nineteenth century: strong, honest and powerful, devoted to his science
and never doubting its value.” — From J. Hakim, The Story of Science — Newton at the Center,
Smithsonian Books, Washington DC, USA, 2005.
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X-Ray

Evacuated
tube X-rays
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& The Braggs

The Nobel Prize in Physics 1915
"for their services in the analysis of crystal structure by means of X-rays"

Sir William Henry Bragg William Lawrence Bragg
(1862-1942) (1890-1971)
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http://en.wikipedia.org/wiki/Bragg%27s_law
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Bragg's Law

Path difference
O = 2d sin 0

! 2dsind =nA
[ds]ignﬁ (n:112131)
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Simple cubic centered cubic Face-centered cubic
Body

Simple tetragonal Body-centered
tetrogonal
Simple orthorhombic Base-centered Body-centered Face-centered
orthorhembic orthorhombic orthor hombic
Simple Base-centered Triclinic Trigonal
manoclinic monoclinic
c
b
a
Hexagonal

FiGure 1.3. The fourteen Bra-
vais lattices.
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Lawrence Livermore National Laboratory, USA
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Compton Effect

Incident photon

v e
p=hv/c \ =m v p cos @
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Arthur Holly Compton tlectron "
(1892-1962)
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