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Bohr's assumptions in his hydrogen atom model

= Angular momentum of the electron in a stationary
state is nh
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Multiplying by p/27, we find the angular
momentum:
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Special case: v<<c
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for constructive
interference
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wavelength law relationship

| n

54V a b
> I Scattered electrons .
‘B
o ¥
£
0 é 'I;.') ‘Il5 20 25 v A8V

JAccelerating voltage

h

1 B 2mE < 2meV
A 2dsin® h h

Acceleration

through
voltage V

64V

68V




Of-&2| upy At
11|

O
x Y

AMIAS| RHOFTLR)S I
ST} 4HO| LIEHLLX| ©
C A AT b wapy 8 T
AY > X0 EN B

Does this relationship apply to all particles? Consider a pitched
baseball:

107"%m
—— v =40 m/s = 90 mi/hr Atomic
diameter
m=0.15kg 5 _ h _6626x%10Js _ 114210 m $ it
My (0.15 kg)(40 m/s)
Npclear
For an electron accelerated through 100 Volts: v= 5.9 x 10 m/g L D1ameter

A= 6626x107%s =1.2% 1070 20.12nm
(9.11 x 107 kg)(5.9 x 10% m/s)

This is on the order of atomic dimensions and is much shorter than the
shortest visible light wavelength of about 390 nm.
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de Broglie wavelengths for various moving objects

Object Mass (g) Wavelength (fi)
I-Volt electron 9.11 X 1077 12.3

10-Volt electron 9.11 X 107 3.88

100-Volt electron 9.11 X 1077 1.23

Helium atom at room temperature 6.65 X 10~ 0.73

a particle from radium 6.65 X 10~ 0.000066
Average protein molecule 6.64 X 1072 0.0073
Floating chalk dust ~107° ~6.6 X 107"
Driven golf ball 45 49 x 107
Pitched baseball 140 1.9 X 107
Chemistry professor, pacing 8 X 10° 8.3 X 1072
Car at 30 mph 9 X 10° 55% 1072
Earth in orbit around sun 6 X 10’ 3.7 X107
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1 Schrédinger Equation
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W — wave function
E — total energy
V — potential energy



Observation and theory from CM to QM
1

is discontinuous and particulate ene is discontinuous
marﬂcu?r o paticiate peiops oy ¥

Observation Theorz
Blackbody radiation e Plan Energy is quantized; only certain values allowed

Photoelectric effect === Einstein: Light has particulate behavior (photons)
Atomic line spectra  ==e BOhr: Energy of atoms is quantized; photon emitted when
electron changes orbit

Since energy is wavelike perhaps matter is wavelike

Obsprvation Theory
Da.‘"s”"/ﬁfﬁ' me{i : - (e Broglie: All matter travels in waves: energy of atom is
electron diffraction quantized due to wave motion of electrons

by metal crystal
Since matter has mass perhaps energy has mass
Observation Theory

Compton: <+ Einstein/de Broglie: Mass and energy are equivalent:

nhc?:e%ge‘:a(vnﬁlcmge:::um particles have wavelength and photons have momentum

decreases) after
colliding with electron
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