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The World: Light
We have a crazy new idea

LIGHT IS A PARTICLE ....

These things are called photons

E Oscillation of the
~electromagnetic field

E=1 =
i

h a constant — Plank’s constant : |

h —_ 6 . 62 5 X 1 0_34 J _S Copyright © 2004 Pearson Education, Inc., publishing as Addison Wesley
1eV=1.602 x 10-19J



How IS
light
made”?

absorbed?

Ideal

Excited-state |
electron ™

The electron jumps
(o a lower-energy
state and

emits a photon.

A $@

A}Fpmachmg The electron absorbs
photon the photon and jumps
to a higher-energy




Trouble: Why discreet?? A~

Emission spectrum

(b) The spectral lines extend
to the series limit at 364.7 nm.

Hydrogen emission spectrum

o

656.5 nm
486.3 nm
434.2 nm
410.3 nm

Neon emission spectrum

400 nm 500 nm 600 nm 700 nm

Absorption spectrum

(b) Absorption and emission spectra of sodium

Absorption

Emission

300nm 400 nm 500 nm 600 nm 700 nm

" Ultraviolet Visible

Like a Merry go round that can only go 1mph, 3mph, Smph and
NOTHING IN BETWEEN



Why do we exist at all???7?

s Electron

Nucleus

iy

According to classical physics, an electron
would spiral into the nucleus while radiating
energy as an electromagnetic wave.



Crazy possibility #2 —
Bohr: electrons are waves

here is what the book says (It doesn’t help me much) Think of a bugle

(a) A classical particle of mass m bounces back (b) Matter waves moving in opposite directions
and forth between the ends. create standing waves.

/9 . L

|

Matter waves travel
in both directions.

now take this
in a circle




Bohr 1

electron as wave
in a circle

E=.2179x10 18
r=520x%10"1"m = -13.60 eV




Quantization of orbitals

So only certain orbitals are OK, and
NOTHING in between.

We require 2nr=nA oqon (Whatever A eciron
IS...)

States are stationary

For orbitals in between,
the electron goes
around and interferes
destructively with itself.

electron

\
Y,



r=212x1010m

r=847 =10

10,

E=-545x 10194
= 3.40 eV

E=-136x 107194
= .0.85eV

r=477x101%m

r=132x107m

E=-242x10°19
= 1.51 eV

E=-87x10204
= 054 eV



Now lets see if we can figure out the
energies of these orbitals

Starting Stuff Mechanics

Relativity F=ma
circular motion
E = \/ p2C2 +m’c* rm/z
Einstein r
E=hf

E&M F - 1 g9,

Waves c=fA 4re, 1’

2-I-rr:n)\elec:tron



But what is A P07

electron *

back to light as particle
Relativity E =V P’¢’ +mc’
mass of light?? mass of photon?? =0
E=pc=hf=hc/A SO p=h/A or A=hl/p
Now to electron as wave

)‘electron=h/pelectron



Now lets see if we can figure out the
energies of these orbitals (Hydrogen)

here we get
F=ma 2
1 &€ mv
dre, 1> v
2TTr=nA,
;2N _nh_m
27 2T p, mv
where h:L
2z

from here we get L=mvr=nh/2xn the quantization of angular momentum



guantization of the energy levels

242
N°h
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The Rydberg constant and Bohr radius

L — gy1p¥ HmS m=911x10"" ke
4 ey =

A=105x10"%1s e=1602x10YC

R= L [ 1 ] me* _ 1 (g4q0° Nm? ]1 9.11x103) g (1.602x10- 19 ¢
| Al 2 c? 1.05x10-34 5|2

e

2.2%10-18J=13.6 eV
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quantized energy, radius, velocity

c 13.6eV
Increasing n2
energy )
“ r=a,n

n=> i = E,

n=4 '\ £ E4
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..... y

n=2—j Y E,
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Ground state

Fy = 16.{1B
n=4 v, = 0.5 X 10° m/s
/ E,=—-08¢eV
n=3
% r.=Ya,
n=2 \ v, = 0.7 X 10° m/s
n :1-:.1?‘5" E3 = —15eV



What about the spectral lines?

Emission spectrum

(b) The spectral lines extend
to the series limit at 364.7 nm.

Hydrogen emission spectrum

o

656.5 nm
486.3 nm
434.2 nm
410.3 nm

Neon emission spectrum

400 nm 500 nm 600 nm 700 nm

(b) Absorption and emission spectra of sodium
Absorption Absorption spectrum

Emission

300nm 400 nm 500 nm 600 nm 700 nm

" Ultraviolet Visible

2~

Balmer forumla m N



On|y photon S (a) Emission and absorption of light

with certain Excited-state
: electron ™
energies
allowed!
A
Emission
T\
Absorption Approaching
photon
bohr photons

Allowed orbits

= ()

The electron jumps
to a lower-energy
stationary state jand
emits a photon.

:>@

The electron absorbs
the photon and jumps
to a higher-energy
stationary state.




Energy of
the photons
the Balmer
formula

E

photon

=E,~E,=R| — j K
|

So we get the Balmer formula!!!
hc

A=
RI — —

m n’

Increasing These are allowed energies.
energy The atom cannot have an
A energy between these.
n=73 X 5.0eV
L
n=>5 E,
Y
n=2 3.0eV
= 2 A
n=4 A ! E4
n=3 x E,
o
- Y _ A Ay Y
n=2—z E, n=1—3% Y Y _00eV
These are the These transitions g .. . .
it e : TR Absorption transitions Emission transitions
transitions of ., from n = 4 emit . ,
it o S S > _ must start fromn = 1. can start and end
the absorption . a photon.
anywhere.
spectrum. n=1 L
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Ground state



Many energy levels Some names fOr
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lonization limit ¢ Tonization limit
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Binding energy, ionization energy

The binding energy is the energy
needed to remove an electron from

E __ Z 136eV Its orbit.

n n2

| E,, |= Binding energy

13.6/n?2 eV

The ionization energy 1s the energy
needed to create an ion by removing
a ground-state electron. 13 6 eV



The Davison Germer Experiment

If electrons are really waves, they should
diffract.

The Davison Germer Experiment



