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Early Models for the Atom
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THOMSON MODEL FOR ATOMIC STRUCTURE

* 1897: J. J. Thomson discovers electron
* 1904: Atom plum pudding model|

* Atom exists out of positive sphere

* Electrons embedded in sphere

|II

“Raisons in cake mode

e Electron oscillate with their own

frequency

: + ch
* Model explains: FHares

* Collisions with other atoms
* Absorption specific frequencies light
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THOMSON MODEL FOR ATOMIC STRUCTURE

¢ 1897: ). J. Thomson discovers electron
* 1904: Atom plum pudding model|

* Atom exists out of positive sphere

* Electrons embedded in sphere

1

“Raisons in cake mode

e Electron oscillate with their own
frequency

* Model explains:
* Collisions with other atoms
* Absorption specific frequencies light

Adapted from Wikipedia
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RUTHERFORD’S MODEL

e 1897: electron
e 1904: J. J. Thomson model
e 1911: E. Rutherford

Scattering experiments:

* Nucleus is small < 107 1* m
e Gold atom =~ 7 X 107> m
* Contains all positive charge

O 0 .
99.75% of mass in nucleus Lord Ernest Rutherford of Nelson

Taken from Wikipedia
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RUTHERFORD’S MODEL

THOMSOMN MODEL RUTHERFORD MODEL
* 1897: electron A ®
* 1904: J. J. Thomson model // : .\F —»
- :

e 1911: E. Rutherford

Scattering experiments:

* Nucleus is small < 107 1* m
e Gold atom =~ 7 X 107> m

* Contains all positive charge
* 99.75% of mass in nucleus

observed result
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RUTHERFORD’S MODEL: SHORT-COMINGS

* Planetary model, electrons orbit
nucleus due to Coulomb attraction:

F(r) = 1 q19> _ 1 e?
Aey 17 ATTEY T4
e 1 e?
V() = —o, UG =
TEY T ATey T

* Unlike planets: charge circulating at
frequency f radiates light with f

=== electron loses energy
* Closer to nucleus f increases
* Electron crashes into nucleus ?
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BOHR MODEL OF THE HYDROGEN ATOM

e 1897: electron

* 1904: J. J. Thomson model

* 1911: E. Rutherford

* 1913: Niels Bohr: Bohr model

Niels Bohr (worked with Rutherford)

Taken from Wikipedia
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BOHR MODEL: ENERGY LEVELS

Electron on circular orbits
1. Specific orbits are stable

2. Angular momentum
guantized:

- -—
- ~~

MmyUr = N = —
2T

nucleus

~ -
~—a_ R
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BOHR MODEL: ENERGY LEVELS

Electron on circular orbits

h
L=2mr=nl A=-=
p

1. Specific orbits are stable

2. Angular momentum
guantized:
nh
m,vr = nh = —

27T
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BOHR MODEL: ENERGY LEVELS

Electron on circular orbits
1. Specific orbits are stable

2. Angular momentum
guantized:
; nh
m,vr = nh = —
° 21T

3. Radiation depends on
difference in energy levels
NOT the electron circling

frequency

hc
hf :7: Ei_ Ef
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BOHR MODEL: ENERGY LEVELS

* Radius of the Bohr orbits?
* Discrete energy levels

E=K+U
. 1 e?
- 4meg 1
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BOHR MODEL: ENERGY LEVELS

* Coulomb force F should equal mass
times centripetal acceleration a,:

1 e? myv*-
— =m,a, =
4rey 12 ° r
1 1 e
== K =—m,v* = —
2 dtey 21
212 2
- > m°h® 1 e
MeVr = nh m) v° = —— =

msr?  4AmMEm MeT
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BOHR MODEL: ENERGY LEVELS

* Coulomb force F should equal mass
times centripetal acceleration a,:

1 e? myv*-
4rey 12 ° r
1 1 e

‘ K:Emevz —

m,vr = nh mp v?
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BOHR MODEL: ENERGY LEVELS

* Coulomb force F should equal mass
times centripetal acceleration a,:

n‘h* 1 e

mir?  Amey mer

47TEO hZ

‘ m = anza()nz
mey €

47'[60 hz

m, e?

Bohr radius: ay =
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BOHR MODEL: ENERGY LEVELS

* What are the corresponding energies E.,?
P 1 , 1 e
et T ey 21
. 1 e?
 4mey T
E. =K+ U = L e (1
— Cn - 4mey 2ay \n?
13.6
E, = — — 2eV

1 e
477:60 Zao

— 13.6 eV

Rydberg energy: Ry =
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BOHR MODEL: ENERGY LEVELS

1 e® (1
4mey 2a9 \n?2)

Rydberg energy:
Ry = Lo = 13.6 eV
Y= 47T€0 Zao B 0 e

4‘7TEO hz 5 v
m, e

47'[60 hz

Me €2

= 0.0529 nm

Bohr radius: a, =
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BOHR MODEL: ENERGY LEVELS

* |onized atoms with only a single
electron: He*, Li**, ...

e The atom has atomic number Z and
its nucleus charge is +Ze

— eV
N2

dmey 2a, \n?

1 e? (Zz) 13.6 Z~-

4rregh?

m, e

le
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BOHR MODEL: ENERGY LEVELS

Exercise: What is the radius of a highly exited hydrogen atom (a so-
called Rydberg atom: if the atom is in the 167th energy level ?
(remember that 7, = n¢a, = n*0.0529 nm)

13.6
n2

And what is its energy level? (Remember E,, = — eV)
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BOHR MODEL: ENERGY LEVELS

Exercise: What is the radius of a highly exited hydrogen atom (a so-
called Rydberg atom: if the atom is in the 167th energy level ?

(remember that 7, = n¢a, = n*0.0529 nm)

r, =n“ap, =n*0.0529 nm = 1674 0.0529 nm
~ (400 —60+4+9) X 100 X 0.0529 nm =~ 1750 nm

13.6
n2

And what is its energy level? (Remember E,, = — eV)
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BOHR MODEL: ENERGY LEVELS

Exercise: What is the radius of a hlghly exited hydrogen atom (a so-
called Rydberg atom: if the atom |s in the 167th energy level ?
(remember that 7, = n*ap; = n* 0.0529 nm)

r, =n“ap, =n*0.0529 nm = 1674 0.0529 nm
~ (400 —60+4+9) X 100 X 0.0529 nm =~ 1750 nm

13.6

And what is its energy level? (Remember E,, = — — eV)

136 136 4 10t ey
2 ©' T 735000 .

E, = —
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BOHR MODEL: ENERGY LEVELS

* Discrete energy levels
* Levels depend on atom type
* Electron on circular orbits

* Transitions by emitting/absorbing
photons

* Minimum energy: ground level or
ground state

* Higher energy levels: excited levels
or excited state
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BOHR MODEL: ENERGY TRANSITIONS

* Discrete energy levels n=23
* Transitions between energy levels?

n=1 *
O
+/e

With Rydberg constant:

_RJ’_ 7 -1
Ry == =1.09737 x 107m
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W
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BOHR MODEL: SPECTRAL LINES

* Discrete energy levels

Lyman
. series

* Transitions between energy levels?

~ series

1 1 |
lvman: — =R 1 — — Paschen
Y A H nl-z )  series 7

1 1 1 n=3
Balmer: - = Ry (— — —2) ‘
A 4 n; n=4 Brackett |
1 1 1 serles
Paschen: - =R, |-—— N
A H 9 n? n=5

Pfund series
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BOHR MODEL: SPECTRAL LINES

)Y UV-Vis IR IR IR E,/eV

n = 00 — - O
_ Yvw — | _
A ;2 YWv¥  Prund _ [ 938
Brackett '

n=3 YYVY - -15
Paschen

N=9 YYVVVY . .34

Balmer

E, (eV)=13.6/n" -5
A (nm) =1240.7 / AE, ¥

IR AAAAAA . 138

Lyman
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BOHR MODEL: ENERGY LEVELS

Exercise: Calculate the first wavelength of the Lyman, Balmer and
R
Paschen series (Ry = —= = 1.09737 X 107 m™1)

hc

Remember: % = Ry (i — iz)
l
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BOHR MODEL: ENERGY LEVELS

Exercise: Calculate the first wavelength of the Lyman, Balmer and
R
Paschen series (Ry = = = 1.09737 x 107 m™)

hc

41><1O2 nm =~ 120 nm

3-1.

1 1 3
Lyman: E_RH(l_Z)_ZRH => A=

°° %102 nm ~ 650 nm
5-1.1

1 1 1 5
Balmer: Z_RH (Z_g) —gRH => A=

Paschen: = = Ry, (1 — i) = 'R, > 1=-—=x102nm ~ 2 X 103nm
A 9 16 7-1.1
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BOHR MODEL: ENERGY LEVELS

Exercise: Calculate the energy difference corresponding to the

second Balmer spectral line (Ry = % = 1.09737 x 10’ m™)

7.05.2025 Lecture 04: Schrodinger’s equation
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BOHR MODEL: ENERGY LEVELS

Exercise: Calculate the energy difference corresponding to the

second Balmer spectral line (Ry = % = 1.09737 x 10’ m™)

hc 3 3
Balmer: Af == =R, (;—=)=—R, ~— 136V ~ 2.5V
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BOHR MODEL: VELOCITY OF THE ELECTRON

Exercise: Calculate the velocity of the electron for the first two
energy levels:n=1, 2 (ap = 0.0529 nm)

7.05.2025 Lecture 04: Schrodinger’s equation
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BOHR MODEL: VELOCITY OF THE ELECTRON

Exercise: Calculate the velocity of the electron for the first two
energy levels:n=1, 2 (ayg = 0.0529 nm)

nh h

1.055 X 10734 - s

1
v = —
n
kg m*~
L1055 . TS 22
~ — m/s
9.11-0.529 kg m n /

1
n

Im m
= v, =22%x106—, v, =11x10°—
S S
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BOHR MODEL: VELOCITY OF THE ELECTRON

Exercise: Calculate the velocity of the electron for the first two energy
levels:n=1,2 (a;, = 0.0529 nm)

Alternative approach :

nh hc? 1 1240 eV nm - C
vV = — = — X
m,r meyc’na, n 2m-0.511Xx10°eV x 0.0529 nm
X 2 <1072 ~ - x 1072 ¢ ~ ~2 x 106
21 - 0.511 - 0.529 “ T n2n " T2 S

1
n

m m
> v; =25x10°—, v, = 1.25 X 10° —
S S

A rough approximation, actual value: v; = 2.19 X 106?
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BOHR MODEL: ENERGY LEVELS

* Absorption and emission of

light
* Transitions between energy
levels
hc
hf — 7 — Ei_ Ef

e Different atoms have different
levels
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BOHR MODEL: ENERGY LEVELS

* Absorption and emission of
light

* Transitions between energy
levels

7.05.2025 Lecture 04: Schrodinger’s equation

Distance from nucleus

/

/
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BOHR MODEL: SHORT-COMINGS

* Minimum angular momentum is
nonzero? = h

* Spectral lines can be split in
experiments by a magnetic field

1896: Zeeman effect

No magnetic field

With magnetic field : | m {
* Pieter Zeeman

7.05.2025 Lecture 04: Schrodinger’s equation 37




	Slide 1: PHOT 222: Quantum Photonics LECTURE 11
	Slide 2: Overview of the course
	Slide 3: Early Models for the Atom
	Slide 4: Thomson model for atomic structure
	Slide 5: Thomson model for atomic structure
	Slide 6: Thomson model for atomic structure
	Slide 7: Rutherford’s model
	Slide 8: Rutherford’s model
	Slide 9: Rutherford’s model: short-comings
	Slide 10: Bohr model of the hydrogen atom
	Slide 11: Bohr model: energy levels
	Slide 12: Bohr model: energy levels
	Slide 13: Bohr model: energy levels
	Slide 14: Bohr model: energy levels
	Slide 15: Bohr model: energy levels
	Slide 16: Bohr model: energy levels
	Slide 17: Bohr model: energy levels
	Slide 18: Bohr model: energy levels
	Slide 19: Bohr model: energy levels
	Slide 20: Bohr model: energy levels
	Slide 21: Bohr model: energy levels
	Slide 22: Bohr model: energy levels
	Slide 23: Bohr model: energy levels
	Slide 24: Bohr model: energy levels
	Slide 25: Bohr model: energy transitions
	Slide 26: Bohr model: spectral lines
	Slide 27: Bohr model: spectral lines
	Slide 28: Bohr model: energy levels
	Slide 29: Bohr model: energy levels
	Slide 30: Bohr model: energy levels
	Slide 31: Bohr model: energy levels
	Slide 32: Bohr model: Velocity of the electron
	Slide 33: Bohr model: Velocity of the electron
	Slide 34: Bohr model: Velocity of the electron
	Slide 35: Bohr model: energy levels
	Slide 36: Bohr model: energy levels
	Slide 37: Bohr model: short-comings

