Electricity & Magnetism

Lecture 30

Today’s Concepts:
Bohr Atomic Model
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Things you asked about:

“This actually kind of made sense considering | have done
this all in chemistry.”

“Is this really necessary to learn this in this course?? “

“Could you please explain the relationship between the
wavelengths and atomic orbitals??”

“Iliked this one.”
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“Please explain all 4 quantum numbers that they

listed in the prelecture.”
Quantum Mechanics

Numbers describing the state of the electron

Quantum Number Name Symbol Function Values

Specifies the energy level 1, 2, 3,

Principal n (i.e., electron shell number)

Specifies the magnitude of

Angular Momentum 4 the orbital angular momentum 0,1,2,..,n-1
: Describes the orientation
Magnetic m, of the subshell —4,—/+1,...,0,1,..., ¢
, Describes the spin angular 1 1
Spin m momentum + E ("spin up") , _E ("spin down")

Pauli Exclusion Principle
No two electrons in the same atom can have the same quantum numbers.
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Rutherford Scattering

If positive and negative charges are randomly distributed in atoms

@ itively charged alpha particle will not be deflected 0o ® '®)

because the net charge is close to zero. ® O >

If the positive and negative charge are separated in an atom

©)
Electrons must
®) orbit the Protons!
A positively charged alpha particle will be )
deflected some of the time. ©)
©
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Bridge Question 1

Which of the following scattering patterns correspond to the
model of the atom proposed by Rutherford?

Case A

80
60
z
=
9
3
2 40
&
-
S
e 193
20
10.8
0
A B C

Case B

Case C

The alpha particles
must scatter in all
directions.
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Diffraction Grating Spectrometer

Y
\4

Path difference=d (sin6,+sinB,,) d

Hydrogen lamp source

- a

grating mirrors

detectoﬂ /

FLIP(7¢) PHYSICS



Fup(@ PHYSICS



Visible Spectral Lines of Hydrogen

A regular pattern of lines was observed.

Balmer Series, n =2

, air

(nm)
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Rydberg Formula

The wavelength of that light can be
found using the Rydberg formula:

1 1
1 H (n2

: )
/ m?
R,=1.097 x 107m-1 m

= initial orbit

n = final orbit

FLIP(7¢) PHYSICS



Rydberg Formula

In the Bohr model for the hydrogen atom, what is
the wavelength of the light produced by an
electron falling from the state, n = 3, to the ground
level, n =17.

(A) 102 nm . 1 1
(B) 1367 nm ~ = R, (nZ mz)
(C) 1823 nm

(D) 102 nm R,=1.097 x 107m-1

(E) None of the above N
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Bohr Atomic Model (Hydrogen)

Electrons in an atom are confined to specific orbits

Each orbit has an . 3 Each orbit has a
energy associated radius associated
with it: S with it:
i g h ‘ 272
——— Allowed orbits //' e K \ r. = n h
: n=1 \"I'\"/\,,'/I\/,—Q \\\‘ \‘\‘ “: n me ke 2
n =23\i\‘\‘ N ! ;
Rydberg Energy n=3——- N\ . 4 / | BohrRadius
Zosss %
forn=1: E=E, etc. e - forn=lir =3,
E,=2.18 x 1018 y a, =0.529 nm

~
- -
=

When electrons jump from one orbit to another,
energy is gained or lost in the form of light!

FLIP(7¢) PHYSICS



de Broglie orbits

Hypothesis: Wavelengths of electrons are related
to energy and only orbits with integer
wavelengths are allowed.
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Bohr Atomic Model

Radius and Energy Scale with Z,
the number of protons in the nucleus

Energy: e -~ Radius:
Allowed orbits ;'/ ,’/ T \\\ \\\ 2
Z —— [ e =l
En = —E nea—p W T = 5740
n n:3\‘\N\ '
n=4—_\ )
E =2.18 x 1018 gte. ‘ Go =0.529 nm
o~ &-tOoALUT—S N T

~
-~ -
=
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Bridge Question 2 g

A drawing of the Bohr model of electron
orbits in the Hydrogen atom is shown.

n=4,E,=-085eV
n=3,E;=-1.51eV

n=2FE,=-34eV \\

n=1,E,=-13.6eV
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Bridge Question 2a

Which of the following will cause an electron
transition fromn=1ton=2?
=13.6 eV

=3.4eV
ohoton < 10.2 eV
=11leV

A photon with energy E

photon

A photon with energy E

photon

A photon with energy E , ..

A
B
C. Any photon with energy E
D
E.

None of the above

Bohr model and hydrogen atom I: Question 1 (N

=53 n=4,E,=-085eV
n=3,E,=-15leV ‘

e e n=2,B,=-3.4eV \\
5 ﬂ H n=1E =-136eV

AAAAAA
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Bridge Question 2a Explanation g

E=-3.4 eV

- E=13.6eV n=4,E,=-085eV

n=3,E;=-151eV ‘

shoton=10.2 €V n=2,E,=-3.4eV \\
M n=1,E, =-13.6eV

The photon must have energy exactly equal to 10.2 eV

E

Answer E!
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Bridge Question 2b

Which of the following transitions will emit a photon
with the longest wavelength?

Fromn=4ton=3 |
| n=4,E,=-085eV
n=3,E,=-1.51eV
Fromn=3ton=2 =2.E, = 340V \\

n=1,E,=-13.6eV

Fromn=2ton=1

E hf

Bohr model and hydrogen atom I: Question 3 (N p h Oto n -
= 83)

60

Lower energy = lower frequency

lower frequency = longer wavelength

% of Students

20

0
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Bridge Question 3 _ﬁ‘

How many possible wavelengths could be observed
when a hydrogen atom initially excited to the n = 4
state returns to the ground state?

Orbits: 4 3 2 1
n=4 to n=3
A 2 n=4 to n=2
B 3 n=4 to n=1
C. 4 n=3 to n=2
D n=3 to n=1
‘ E. 6 \ n=2 |to n=1
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Bridge Question 4 _.J;"‘

According to the Bohr model, which of the ions
listed in the table below would have the smallest
distance between an electron in the lowest energy
level and the nucleus?

A. He 5
. n

B. Li 1 = ﬁao

C. Be
‘ ‘ Largest Z, smallest r!

D. B
lon He Li%* Be3t B4+
Atomic number 2 3 4 5
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o Experiment * Drawings are not to scale - Show electron
% (what really happens) ; energy level diagram

Atomic Model Box of
Billiard Ball Hydrogllen

Legend

* electron

“*|eaisse)

Plum Pudding
proton

¢ neutron

Classical
Solar System

(n,l,m) = (1,0,0)
Light controls
O White @ Monochromatic

@ Show spectrometer
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http://www2.epsd.us/robotics/phet/en/simulation/hydrogen-atom.html

