PHY 114 A General Physics Il
11 AM-12:15 PM TR Olin 101
Plan for Lecture 24 (Chapter 43):
Some topics in the physics of molecules and solids
1. Physics of atoms
2. Physics of molecules

3. Physics of solids
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Webassign hint:
2+ 03 ponts My Hotes

In the Davisson-Garter expariment, 54.0 eV electrons ware dffracted from a nickel attice. If the first maximum in the diffraction
pattern was observed at ¢ = 50.0, what was the spacing d betwaen the planes of atoms causing this difftaction?
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Webassign hint -- continued:
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Some ideas of quantum theory discussed last time:

Matter wave equation — Schrédinger equation:

n o 0
T U W) =i (e
{ amaor (r)} (r.)=—ih 2 ¥(0)

Stationary-state wavefuncions: ¥(r,¢)=y(r)e ™"

In thiscase, the Schrodinger equation becomes:

[ v 62+U<r>}w<r,z)=w(r,t>

2mor?
HerePlanck's constant: 4 =6.63x107*J
=l 21.05x10%
2z




Example - - free particle-- U(r)=0: ‘{’(r,t) = W(I‘)e"E”"

{ n @ }P(x’t):E‘{’(X,f)

Comax
¥ (x,) =¥, sin (kx)e ™"

272
E= h2k Note : This is consistent with de Broglie's A = K
m P

2
kzz—ﬂ = A= h or E:h—z
A 2mE 2mA

Example: Suppose we want to create a beam of electrons
(m=9.1x10-31kg) for diffraction with A=1x10"°m. What is the
energy E of the beam?

2 34
A (66x10° —24x10"7J =150eV
2m2 2.91x10” kg (10" m)
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Recall de Broglie’s relation between wavelength and momentum:

A== h=66x107J
p

Which has the larger de Broglie wavelength:

A. An electron with a velocity of 100 m/s (mass = 9.1x1073! kg)
B. A baseball with a velocity of 100 m/s (mass = 1 kg)

Another example -- electron bound to a proton:
Ze*

4mer

(H atom) U(r)=—

n e 5 0
[—EW+U(r)}T(r,t)f—1h5‘1’(f,f)

Stationary - state wavefunctions :  W(r, )= y(r)e ™"

. VAR 72
Solutions: E,=-—%— " =_13.6Z-eV n=123--
8neya, n” n°
2
ay =M 00529 nm
me




Quantum theory for electromagnetic radiation
The transition between bound quantum states can
correspond to the emission (production) or absorption
(consumption) of electromagnetic quanta:

Coupling of states of matter with EM radiation :
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Physics of molecules — H,
Recall for H atom:

—rla,
e %
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Physics of molecules — H, -- continued

‘I’—R f r—Rz\

\R, - RZ‘
n o ze ze
_ _ _ =E
[ 2mor amerR| 4ngo\r—RzJW(r) v(r)
Approximate solutions :
0 B SV R = N )
V(1) = | ——¢ t=e
ma, Ty
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Physics of molecules — H, -- continued

Physics of molecules — continued
Energy diagram for NaCl molecule as a function of ion separation

Stable equilibrium
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Physics of molecules — continued The vibration of the

Vibration about equilibrium point molecule is along
the molecular axis.
The distance rg is the
U(r) | equilibrium separation iy v ,
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Physics of molecules — continued
Vibration about equilibrium point

Solution to Schrodinger equation for vibrating nuclei
noo o1,

-————+—kx r)=Ey(r

T )= )

! [k
E, :hfo[EJrv) fo= 27[\/;

Vibrational

ENERGY

Given that f,=6x10'3 cycle/s for a vibrating CO molecule, if this
vibration were to couple to EM radiation, what would be the
wavelength of light?

A. 5x10°m B. 2x10°m C. 1x10%m
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Physics of molecules and solids

Byl)=| -2 24U )

effective potential for
electron in molecule or solid

Example: electron density associated with

H, molecule: CH,

molecule:
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Molecular binding of nuclei due to electron “glue”:

R
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effective potential for
Physics of solids hz 52 electron in molecule or solid
Ey(r)=| ———5+ r
2m or*
U =Y ulr-Rr,)
i
Energy spectrum of atom or
molecule :
highest filled state for
metal
— l—
— highest filled state for
insulator
PHY 114 -- Lecture 32 2
Insulator Metal
The states in the gold
region of the band are
available to account for
electron motion.
.-
g
2 3
z Z E=0
= Val band =l
IR Metal
Insulator
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Example: 2 materials made of pure carbon:

graphite (semi-metal)
diamond (insulator)

E,=0.0 eV
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Which photo is diamond?
A. left B. right
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Some energy band gaps:

C (diamond) 5.5eV
SiO, (quartz) 8.9
NaCl (rock salt) 8.5

Two images of quartz:




Semi-conductor materials; E;<5eVorso

TABLE 43.3

Energy-Gap Values for Some
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Semiconductors
The small energy gap allows S
electrons to be thermally excited ) E, (V) X
into the conduction band. Crystal 0K 300K
Si 1.17 1.14
] Ge 0.74 0.67
Conduction band InP 1.42 1.94
> GaP 2.82 2.26
] GaAs 1.52 1.42
; CdS 2.58 2.42
= Valence band CdTe 1.61 1.56
- ZnO 3.44 3.2
Semiconductor ns 3.0] 3.6
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Electron conductivity in metals and semiconductors:

nezr_ ) Lazg(k)

m* n? ok?
n = # carriers/volume

7 =scattering time

2
L = %657(!() "effective mass"
m* h° Ok

In a perfect semiconductor at T=0K n=0. To control conduction,
impurities are introduced.
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Electron doping “Hole” doping

4 R
L =4 —¢
N § —4—0—4
90 >0-9-o
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Semiconductor devices; combining electron doped and hole
doped materials to control the flow of mobile charriers
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Photovoltaic devices

Conduction
band

A k
W=E,
— I

L Valence > Valence
o band 5 band

Light emission Light absorption

B o]
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Laser technology:

>System with ground and excited state at desired A (E.,-E;=hc/A).
»>Standing EM wave

> Mechanism for “population inversion”

The Helium-Neon Gas Laser

Figure 41-21 shows a fype of laser commonly found in student laboratories. It was developed in
1961 by Ali Javan and his coworkers. The glass discharge tube is filled with a 20:80 mixture of
helium and neon gases, neon being the medium in which laser action occurs.

Fig. 41-21 The elements of a helum-neon gas laser, An

applied potential ¥ sends electrons through a discharge tube
containing a mixture of helium gas and neon gas. Electrons

collide with helium atoms, which then collide with neon atoms,
which emit light along the length of the tube. The light passes
through transparent windows W and reflects back and forth
through the tabe from marrors My and My to cause more aeon
atom emissions. Some of the ight leaks through mirror M2 to
form the laser beam

Discharge tube

W
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Figure 41-22 shows simplified energy-level diagrams for the two atoms. An electric current
passed through the heli gas mixture through collisions between helium atoms an
electrons of the current—to raise many helium atoms to state £3, which is metastable.

He-Ne _wE

collisions =

Rapid

w88 E, 88908888

—hsetenee N | E—

Normal population
5 pop “Inverted”

population
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