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Quantum Theory and the atom

Lesson 4: The Quantum Model of the Atom

From Orbits to Electron Waves

Instead of thinking of the electron as just a particle moving in a circle (Bohr model),
De Broglie proposed:

The electron behaves like a wave.

>\: "\\‘ A

il

—
[

P

Bohr Model (Outdated)

Quantum Model (Modern)

The
Geometry

The Core
Rule

The
Mental
Model

Exact position and momentum

can be known.

‘_.-F"F.F'_

/f
A solar system. (

S

-

,f,,.:"‘\\
C@ An electron cloud.

'---_---"""'“‘I

=

-h'-—

Distinct, exact % N
planetary orbits. 3D probability waves.

Heisenberg Uncertainty Principle:
Impossible to simultaneously measure
exact position and momentum.

R
‘I"“'n-u....wf -

e ..'-. 4 ol
1h-\l|'-L|ui =

rod
N

&8 (Condition for Stable Orbit)

A stable orbit happens only when the electron wave “fits perfectly” around the

circle:

(ramnt o
. . J — 0
Quantity Meaning MmN = "‘5\"‘
27T Circumference of the orbit
N
A Wavelength of the electron MNY -
2N
n Integer (1, 2, 3, ...
5 ( ) n\ ¢ 1 \(\ N~
,_, / Xr
oMY =n A LV A
2\ A
1 Al 58 i ghad 5L
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Quantum Theory and the atom
(7 The orbit is stable only if the circumference contains a whole number of

wavelengths. _ i A

Kable condition: %ﬁbh& condition: 7<Unstable condition

three complete cycles five complete cycles
per orbit per orbit

Heisenberg Uncertainty Principle

Concept Explanation
_ You cannot know exact position and momentum at the same
What it says _
time
Result We use probability instead of exact paths

Meaning for

No fixed orbit like in Bohr’s model
electrons
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Quantum Theory and the atom

Term Meaning
Electron cloud Region where the electron is likely to be found
High density area High probability of finding the electron
Low density area Low probability

(37 The dots in the image represent many possible positions of the electron.

10 Bohr 10 Bohr

radii radii
Ener ‘ : Distance from
ol lad) Jsd Interpretation
Level nucleus
Electron most likely near
n=1 Small, dense cloud Close Y
nucleus
Larger, spread
n=2 e Farther Electron more spread out
cloud
(7 Higher energy — electron is farther and less concentrated Ve
Bz —IE¥. &Y
=

Y\
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Quantum Theory and the atom

Property Coherent Light Incoherent Light
Cohergnt Light /W
Time B Time g
W
e In phase Out of phase (diwewevj@
alignment —
| -
Wavelength Same ~ Different
Y‘noﬂochﬁhmi‘r’c — Mmeono WOl
Example Laser Light bulb . <o«

nek T Spontaneous Emission Stimulated Emission
oo ST
(\} ( E;KDJYJ b Ephutun = hf
g £ g
)\{Mtnn = hf
Ephnlun s hf
)QE::nlnn = hf
E1 E1 .
Before After
Electron drops to lower Electron is forced to drop by an
Definition J o i
energy on its own incoming photon
(Direction) Random directions Same direction
Phase Random (oq_ﬁ of phase) Same phase (coherent)
Mther
output One single photon Two 1dentical photons
Type of light Incoherent light Coherent light
Example Light bulb Laser
aSile s pellia (e U gual Y 4 dily 3ub i ghab 5LIE



Quantum Theory and the atom
Atoms can become excited (gain energy and move to a higher energy level):

1. Thermal excitation — heating the atom gives it energy.
2. Electron collisions — electrons collide with atoms and transfer energy.
3. When a photon (a particle of light) with the right amount of energy hits an

o o o Q\wﬂgﬂ
atom, it can excite the atom to a higher energy level. M‘ﬁ—ﬂr‘

L.A.S.E.R. = Light Amplification by Stimulated Emission of Radiation.
Phatens e xited cﬁqm

Step 1: Pumping Step 2: timulated 3: Lasing
\(Excitation) \ Emission (AmplificationD
- et '

WA | V>
N\\\~>

Excitation

(E=E;-Ey)
—(O—F¢

Atoms are pumped to a higher Einstein’s principle (1917). The photon avalanche,
energy state via thermal Incident photon (E=E; - E)) Stimulated photons reflect
excitation, collision (e.g., Helium- triggers the release of a second, ‘ between parallel mirrors,
Neon), or photon absorption. perfectly identical photon producing an intense, coherent,

(same frequency, same phase). monochromatic beam.
The Lasing Medium ~99% Reflective Mirror
The gas (like Helium-Neon) or Allows a tiny fraction (about 1%) of
solid where atoms are held. the intensely amplified light to escape.

~ [
ﬁ\ IMM@M@MMQ”J;:L *

T IO ]

100% Reflective Mirror , The Output Beam
Bounces all photons back /' 7 The escaping 1%—a highly
into @he chamber to directional, intense,
continue the avalanche. The Pump monochromatic red line.
An intense flash of light or
electric discharge that

excites the atoms.
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Quantum Theory and the atom

The Lasing Process: An Avalanche of Photons

\ = /
{ \ 9 o i ¢ e ® o o © o (\
% L} o
i L o e @ . 3

>

PRI NS ‘d_f\

1. Pumping

Shorter-wavelength, higher-energy photons
(or electric discharge) collide with lasing

atoms, pushing them to excited states
':'1 *________..1

2. The Seed

One atom decays releasing

a photon parallel to the tube.

3. The Avalanche

This photon strikes other excited atoms,
triggering stimulated emission. One
becomes two, two become four.

4. Amplification

The mirrors bounce the coherent photons
back and forth through the medium, building
massive intensity before exiting as a beam.

The Four Pillars of Laser Light

Monochromatic

Composed of exactly one wavelength and
frequency, yielding a single pure color.

preventing the beam from canceling itself out.

boherent

AVAVAN .
S/ \/S\»
N\ \»

All waves travel in perfect lockstep phase,

Highly Directional

E Laser Beam

Because photons bounce between parallel
mirrors, only perfectly parallel photons escape.
The beam barely diverges over long distances.

Intense

==

It can be focused to a microscopic,
high-power point, delivering massive energy
to tiny surface areas.

alile d lla (ya U gaull Y
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Quantum Theory and the atom

Quantum Mechanics in the Macro World

CD/DVD/Blu-Ray Players
© Relies on monochromatic, highly directional beams to read microscopic pits

on discs. Shorter wavelengths (Blu-ray) focus smaller, storing 5x more data.

Fiber-Optic Communications

Uses total internal reflection of highly directional pulses to transmit telephone,
internet, and TV data with virtually no signal loss over vast distances.

Surveying & Lunar Research

Because beams do not diverge, they bounce off mirrors left on the Moon to
accurately measure Earth-Moon distances to within 10 cm.

Laser Printers

Intense, precise laser pulses change the electrostatic charge on a
photosensitive drum to attract toner and print high-resolution images.

aSile s pellia (e U gual Y 7 dily 3ub i ghab 5LIE



Quantum Theory and the atom

1
Bohr's required quantized angular A2al) (e (g 9150 Al Gl (S
momentum condition Is written as:
mvr = h/2n mvr = nh/2n mvr = m/nh mv = nh/2nr
2

The adjacent figure shows the waves
associated with an electron in a certain

orbit.
The orbital number of this electron is:

o (98I Aas jal) il gall ) glaal) JSA) i o
O )da

t 98 09 ASIY) 13gd laall a3

6 3

Heisenberg's Uncertainty Principle
states it 1s impossible to measure exactly

both the:

Gaddl o £ gl Ol ae Iase el
tOr JS ol Jaadial)

Charge and mass at the same time

JA\JOT&M\JM‘

Position and momentum of a particle at the same time

JAUJQQMJJM\ é‘g.a

Energy and wavelength at the same time

JAUOT‘}@}«J\JJHUZELH\

Spin and charge at the same time

.\AUJ@MU&}A\QU;S\

4

Light emitted by an
iIncandescent source,
consisting of a continuum
of uncoordinated

wavelengths, 1s known as:

AVAATVAVAVAY
AAVATAVAYAY
W\
AVAVV ALV

Jiaa (4 Caiall ¢ guall L
Ciad G 9ST Al g (A gl
2 A e J)shl (e Juale
ply (Aluliia

chaiial) & guall Ol galal ¢ guall byl jiall e ¢ gl ) jial) ¢ guall
Polarized light | Monochromatic light | Incoherent light Coherent light
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Quantum Theory and the atom

What occurs during spontaneous
emission?

€ AL Eilaay) L) Eiaay 13l

An atom absorbs a photon

Lo g8 5,0l Laial

Ligigd dllhaa cdpda VI Lgilla ) 5 jLial) 5,400 3 gac

An excited atom drops to the ground state, emitting a photon

Two photons collide

(U g g8 ashua;

An electron is ejected from the atom

Sl e Geast) Al

6

Which is a required condition for a
laser?

¢ ol Jand bt o p0) oA La

Atoms must drop to the ground state instantly

098 Apa Y lgala ) ) agad ) ey

There must be only one atom in the excited state

Blal) Adlad) 8 Jadd Fas) g 5,8 SIUA 6T () e

Atoms must remain in the excited state long enough to be struck by a photon
(U g5 58 gy andaiai! 4818 5 ;181 5 jlal) Al 8 <l AN A8 ) qaa

Photons must have varying wavelengths

Adlide A ga J) gl il 6 681 () 0S5y ()

7

The angular momentum of an electron
in a hydrogen atom when it is in the
second energy level:

) g Ladie (a9 gl 33 (9 ST (g o) 1) Al 31

:ém\ 5 §iuuall gé

h h

T 2T

4 h
14
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Quantum Theory and the atom

8

An electron in a hydrogen atom is in a

stable energy level. The electron absorbs

a photon with energy (20.4 x 107" J)
and transitions to an excited energy

level. The angular momentum of the
electron in the excited energy level is

VBN (6 glena (A Craa g gl B3 A (9 )
(20.4 x 1071 J ) 4%2Ua U g5 93 ¢y 9 ST alial
2 GRS (6 9151 ad 3N B 1) (6 gha ) Jaiile
aal) Jass é:\.“ (§ §iisall

h h

21T T

3h 4 h
21T

S|

9
One of the following values for the 53 (9 ASNY (5 91 3 ad 3 AV asll) (gaa)
angular momentum of an electron in a 54 @ e b pliall Al and Y (g
hydrogen atom does not allow it to
remain in the atom's orbits
2.11 x 107* J.s 1.06 x 10°* J.s 3.50 x 10~ J.s 4.24 x 10~ J.s
aSile 3 pella (ya U guus ¥ 10 Al 3ub i ghab 5LB




Quantum Theory and the atom

10

A DVD player uses a laser with a
shorter wavelength than a CD player.
What is the primary advantage of this?

>3 dsk 153 DVD ua‘g'éi Jrdia p2iiuy
daulal) 3 3l A e CD ol 81 Jidia (o
EARL

It makes the DVD spin faster.

S AS s 90 DVD e @ Jra

It prevents the DVD from overheating.

DVD ya® 5 ) a 4 plil ) aday

The laser can be focused to a smaller spot, allowing more data storage.

S) Ul A% ey Laa  jhual daly o )5l S 5 (S

It allows the player to use less electricity.

J8) 48U gy Jidiall prams

11

Whatis 'LASER' refers to?

er ALl Lal) )ila

Linear Alignment of Stimulated En

ergy Rays
5 jdaal) A8Ual) daily Adad 31ilaa

Light Amplification by Spontaneou

s Emission of Radiation
£l AL EilandY) (31 sh (8 £ gudall andulal

Light Amplification by Stimulated Emission of Radiation

£l Jhaal) Gilaa¥) (3 sk (8 5 gudal) apdl

Light Absorption by Stimulated Emission of Radiation

gladdd Jdaal) Slad¥) (G )k (5 gudl) palalial

12

What property of laser light allows it to
be used for measuring the distance to
the Moon with high precision?

2ol & g aladiuly Teamd (Al dalAll R La
?@LD 35.\:1 aldll U'“ 48Lall Culatl

it travels faster than normal light.

gdld) & gually 43 i ALY die

Its high temperature.

Agllad) 43 ) ja Ay

Its bright color.

FSEWRIPE

Its ability to diverge very little

A bl Jn caddl o 4 ).

eSaLGJ@LAQaUM? 1
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Quantum Theory and the atom

13

What is the physical significance of the
quantum number in the de Broglie
standing wave condition?

Aa gall Ja 1l A8 aSl) daell 4L Sadl) AV L
?gli):l g,'JJEM\

It represents the number of full wavelengths in the orbit's circumference.

el e Lgd i A ALalS)) dgy gall J) ghaY) 230 Jiag

It represents the number of nodes in the electron's standing wave.

9SO 3 jiiiall da gall 8 a8al) dae Jiag

It represents the number of electrons in the orbit.

.)dall ué QUJJ’JSJ}’\ (X' Jla_,_n

It represents the radius of the nucleus.

81 gdl) yhad Chial Fiag

14

An atom drops from an energy level of —
7.64 eV to a lower level and emits a
photon with a wavelength of 273 nm.
What is the energy of the lower level?

) (7.64 eV) o )4ka A8l (s gisa (e 53 JAIE
‘\:193.1‘3‘91: Uﬂ‘gﬂ‘)fﬂ cujd\ 48l (S Giisa
¢ AN AAlal) (5 giua 48 LA La (273 nm)

-3.36 eV —4.54 eV

—11.0 eV —12.2 eV

15

An electron in an atom transition from
the higher energy level E; to the lower
energy level E; , then the wavelength of
the emitted photon is

E, UJGY‘:@LH\ LsJMOAdE‘LQEngéOJJN!
E; J&Y) A8al) g giua
5 Sy stlall () g5 gl o pall Jghall 8

C
h(E, — E,)

hC
(E; — E;)

hC hC(C
E, E

(E; — Eq)
hC
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Quantum Theory and the atom

C - I _—
mVYy — 2\ ;
Bohr's required quantized angular ABMat) (e (5 9 3 Al 3 Gl (Sl
momentum condition is written as:
mvr = h/2n mvr = nh/2n mvr = w/nh mv = nh/2nr
2

The adjacent figure shows the waves
associated with an electron in a certain

orbit.
The orbital number of this electron is:

o G5 ASIL Adas yall il gal) glaal) JSA) ida g
Cra lda

c 98 (9 ASY) 1agd laal) a3

8

Heisenberg's Uncertainty Principle
states it is impossible to measure exactly

both the:

G dd) Ao £ i Tl i) ade lasa aly
t(a JS (b Jaadiall

Charge and mass at the same time

h\jQ‘éMUM\

Position and momentum of a particle at the same time

h\j@igé‘uijjﬁuqﬂ 655"

Energy and wavelength at the same time

a9 O (2 o sal) Jshall g 43Ul

Spin and charge at the same time

..\:;\JJQEMU‘;JM\Q\JJM\

Light emitted by an
incandescent source,
consisting of a continuum

of uncoordinated

\

LONA¢ -*r«j-h.

—

wavelengths, 1s known as:

Jhaa (pa Cigiall ¢ guall i g
ab (e G 9S5 5A) g (A gl
2 dgasa J) skl Cra Jualia

:Pa.ul..a (Al iia
SO \9\\‘”’" é&“'ir(mm,

e
]

i) & gall Ol galal ¢ guall by jiall & o guall hy) jial) & guall
Polarized light | Monochromatic light | Incoherent light Coherent light
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Quantum Theory and the atom

~
What occurs during spontaneous -——T-_j—} \ ¢ Al Glay¥) o) Giaay |ala
emission”? e

An atom absorbs a photon

Ligig8 3 M) (aial

U g8 dallaa (A Y Lgilla ) 5 jal) 3 A1) 4 gac

An excited atom drops to the ground state, emitting a photon

Two photons collide OUigish adda,
1 An electron is ejected from the atom BAl Cra g asd) Ay

6

Which is a required condition for a
laser?

¢ ol Jand lal) Ja ) oa La

Atoms must drop to the ground state instantly

598 ¥ Lgalla ) i Al 3 gad ) e

There must be only one atom in the excited state

Blial) Allad) 3 Jagd Bas) g 53 LA (1685 ) e

/ Atoms must remain in the excited state long enough to be struck by a photon

(U g5 581 gy andaiai! 4818 5 181 5 jlal) Al 8 <l AN A8 ) qaa

Photons must have varying wavelengths

AAlAs A ga ) skl il g 6l ) S0 () uan

¥

The angular momentum of an electron
in a hydrogen atom when it is in the

22 5h Ladie s g oagd) 3,3 O AN (g 9131 a3
;gitdt § §iunal) 2

second energy level:
h } h 2h 4 h
\_1~ 21 T T
e VY = DN
21\
m\ V= _‘_Z_\_\_—-

#b:@h&auwﬁ

14
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Quantum Theory and the atom

8

An electron in a hydrogen atom is in a
stable energy level. The electron absorbs

a photon with energy (20.4 x 107" J)
and transitions to an excited energy

OV AN (g gasa A G g ogd) 53 A &gl
(20.4 x 10717 J ) 458Ua Ui g5 48 (g SN alial
@ QAU 5 9131 aA 3 B L) (5 gha ) Jaiile
aal) Jass g_;:\.“ (§ Giunall

level. The angular momentum of the = n = ';—‘5-1(’
electron in the excited energy level is -
h h 3h 4 h
21T T 21T L . 2T
L4 x\ |
N e SRS E:QO“L}-K‘J\qJ _Z-—C—D J' : Y. :\]’}C’QV
\ ’ 6 X }(_;H
Z;\t = Eﬁ - \: \ ) C
5o —136 _ Tl =
- 1975 = > rye n= 4
mVYy = B n s 3\ oh
2TC 27TC A\
9
One of the following values for the 53 (9 AN (g 9130 ad 31 ASY) a8l gaal
angular momentum of an electron in a 5 < aa B sl Al e Y (gt
hydrogen atom does not allow it to
remain in the atom's orbits
2.11 x 10~* J.s 1.06 x 10~* J.s 3.50 x 10°* J.s 4.24 x 10~* J.s
3k _
TN = 9 A L) = -————-6-635(\0 = "055X\°34
9 TC P LW 270
_.gli -3 4 . -3 4
BIRAL 9 .obx\S =\ S 133
. - - Ram——rtes o1 1] - T
lOgrﬂ'\‘ﬁju | Db%X‘US\ - o SSX\§ 54
-34
) b x\ O~ py
o l-OgQ— Y]u'ld
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Quantum Theory and the atom

10

A DVD player uses a laser with a
shorter wavelength than a CD player.
What is the primary advantage of this?

>34 Jsbs 1258 DVD pal &) Jadia pailins
A 3 33all A La (CD ual 1 Jidia (o il
¢Sl

It makes the DVD spin faster.

2S4S i ;90 DVD e B Jaas

It prevents the DVD from overheating.

.DVDUAJEEJ‘JAEA*JJ&LEJ‘E'A:\

The laser can be focused to a smaller spot, allowing more data storage.

S by ¢ A% gracy Laa il dady o 5l S 55 oSy

It allows the player to use less electricity.

J8) 8l gy Jdiall pracs

11

What is 'LASER' refers to?

1l AalSy Aal) Jila

Linear Alignment of Stimulated Energy Rays

5 jdaal) A8Ual) daily Adad 313laa

Light Amplification by Spontaneou

s Emission of Radiation
laddl AL EladY) 3ok (8 5 gl apdia

Light Amplification by Stimulated Emission of Radiation

it jdaal) e (51 )k (F ¢ gl axdual

Light Absorption by Stimulated Emission of Radiation

gl sl Slaad) 31k (8 ¢ pal) palalial

12

What property of laser light allows it to
be used for measuring the distance to
the Moon with high precision?

25 £ guda )RS e Al Apald) o L
Calle 484, ,adlf ) d8lucall (ulidl

it travels faster than normal light.

_édl.l.“ ¢ guall uJ&A AR5\l AN i

Its high temperature.

Allad) 43 ) ja A )

Its bright color.

2l 45

Its ability to diverge very little

A ciadb JCdy cadal) e 4 a8

alile s plla (pa Uguudi Y
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Quantum Theory and the atom

13
What is the physical significance of the A gall Ja pdi B el dall Al 5adl) ATVl La
quantum number in the de Broglie \ C 9 s 3 il
standing wave condition? LY = 0

It represents the number of full wavelengths in the orbit's circumference.

1) Jaaa Lt ai Al Adalsl) 4 gal) J) gk 23 Siag

It represents the number of nodes In the electron's standing wave.

(9 RS B jiiuall A gall (A SBal) 230 Jiay

It represents the number of electrons in the orbit.

Jlaal) 8l g ity dae Jiag

It represents the radius of the nucleus.

L

B gdl) had hal Jiag

14

An atom drops from an energy level of —
7.64 eV to a lower level and emits a
photon with a wavelength of 273 nm.
What is the energy of the lower level?

U"! (7.64 eV) O;J‘JL EEUG 6 ’,"“ , ‘: Y EJE M
&J't Jeb Uit Jfﬂ-ﬂ:ﬁ ¢ g9 48l 5 gliua
T A8 5 giuua 48k (A L (273 nm)

-3.36 eV —4.54 eV

—-12.2 eV

—11.0 eV
E onele
A =
PRI
2132

-

'\

'!i‘n_

w -

_ F-64-E

\

{ .

=
T

E- 3o% eV

15 E?\\&OT\ EZ"" E(

—
T

; -
An electron in an atom transition from

the higher energy level E; to the lower
energy level E; , then the wavelength of
the emitted photon is

E; oY) A8Ual) o glusa (e JEII La 333 A (9 <))
E; SV 48l ¢ giawa
5 Shuy Caxaial) () 57 681 o gal) J ghall )l

h(E, — E,) l hC E, E,
N D=

E—m"'E\ " . - v
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