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QUANTUM THEORY AND THE ATOM

Planck’s Theory (Simple Explanation) AN T T
N L ASS L M3, Bt |

:_3 | —— . N\ T ,?{,‘: |

Planck’s Main Ideas ) | 11 [7

b I B N G

1.Atoms cannot change their energy continuously. L 1] [ Ll T

~ —— (Hm) S sttt Jstar
.
Joduo JAdy leidlh pusi e 8)ald e ailyadl

2.The vibrational energy of atoms in a solid has only specific (discrete) frequencies, given
by:

add=ll Shwig dhdd sssan ilsyyi el clnldl guall 9 UMl jljiel adls

Predicted and Observed Spectra

E=nhf(n=0,1,23,...

>

3

This means the energy of a vibrating atom equals:

g
an integer x Planck’s constant x frequency. g’;g
§ g Observed emissaon
o h= Planck's constant 52 e
h =6.63 X 10°(—34)"J\HZ" /.gd
o f=frequency £

o n= whole number (0,1,2...) f—— + +
Frequency (<10 Hz)

3.Energy is quantized, meaning it exists in discrete packets (quanta):
—
(lBA) pia JBd e sagi el blado aslall

E = 0, hf, 2hf, 3hf, ...
n=01,27".) ~

4.An atom emits electromagnetic radiation only when it transitions from one energy level to
another,
which is contrary to Maxwell’s assumption. The emitted energy is:

AE = E;, — E,
How does the vibration frequency of an atom change if it emits energy equal to
5.44 x 107 (—19)),
given that n = 1and Planck’s constant is
h = 6.63 X 10" (—34))+s?

Using the equation:

E=nhf = f =E/nh
f=(544x%x10"(-19))/(1 X 6.63 x 10" (—34) ) =8.2x 1014 " HZ"

19
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QUANTUM THEORY AND THE ATOM

The graph shows the intensity of thermal radiation emitted by a blackbody at
different frequencies of the emitted electromagnetic spectrum.

Explain what happens to the frequencies of the emitted electromagnetic spectrum when the
temperature of the blackbody decreases.

aaaial) Lisa g St cudal) fpe AANIAG il 55 die 3 gl aen (pa Ealall ) all sladd) Bad ALl ac )l i g
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What does an increase in the area under the curve (Intensity - Wavelength)
indicate for a blackbody?

Sagul punal (Gagall Jebl - 8aiul) Giniall ciad daluall slsjl Ja 13ko

| The temperature of the body decreases and the peak wavelength A_pdecreases
|| The temperature of the body decreases and the peak wavelength A_pincreases
. ~The temperature of the body increases and the peak wavelength A_pdecreases
|| The temperature of the body increases and the peak wavelength A_pincreases

The graph represents the radiation intensity emitted by a blackbody at a certain moment for a
specific wavelength.

If the heating of the blackbody continues, what happens to each of the following: the area under
the curve and the peak wavelength 4 p?

2320 ;290 Jghlg diuso abal sic gl pua o Crsyiod| gLyl Gao il | ol Jioy
dndll sic agedl Jabll Gindall i dabuall go J4I Sany 13Lo (3 guoll puuadl i poduwl 13]

| Both the area and A_pincrease :__.%
" Both the area and A_pdecrease 3
¢~The area increases and A_pdecreases N

| The area decreases and A_pincreases
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QUANTUM THEORY AND THE ATOM

SN JX b-
The Photoelectric Effect (Electromagnetic Emissions)
—————— ™
®a O (3 %\& } bQ
Definition of the Photoelectric Effect: a R
N— g
The emission of electrons from the surface of metals when exposed to electromagnetic radiation
of suitable frequency. e~ -
ultable regpency F> ErW
acuulin 337 g3 uuhlisogim sleiy Lo sic alilall abhuw go aligridlyl cilsyil spmlis

=

ﬁfﬁculties Faced by Maxwell's Wave Theory: J,g.u500) 290l dyaill amalg Sl ligeall

Maxwell's wave tIEoryJ.c,ould not explain the following phenomena:
7te
1. When ultravioletﬁys fall on a negatively charged metal plate, it loses its charge; but when
)— < % visible light falls on it, it does not lose its charge.
="' 2. When ultm@violet rays fall on a positively charged metal plate, the plate remains positively
charged and does not lose its charge.

---------- +++++++ 4

<. — <50 1,
w - ) ——
The Photoelectric Cell P2 arkps

A photoelectric cell is a device used to study the phenomenon of the photoelectric effect.

Structure of the Photoelectric Cell

Two Electrodes (Cathode and Anode):

1. Cathode (Emitter):tgall

o The larger electrode.

o Made of a thin, curved metal plate coated with ce_s_illm or another alkali metal.

— ————

o It has low thickness so it does not block the incident radiation from reaching the cathode surface.

). Anode (Collector): 2xaxdl

o The smaller electrode.

o Made of a thin me_tal wire that collects the emitted electrons.

3. A glass tube from which air has been removed, made of
-

L/

Reasons for Using These Material
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QUANTUM THEORY AND THE ATOM

1. Removing the air from the photoelectric cellids g g gl Ala) b ¢ ggd) o i

22~ To prevent oxidation of the metal surface. o 1Y
To prevent electrons from losing energy due to collisions with air molecules

L clgall ligja zo Lnoslnd iy Lanigls Gligyidlyl 1aa gin. o

2. Why is quartz used instead of glass? ) <! (e il alasind
==

e Because quartz allows ultraviolet radiation to pass through, while ordinary glass absorbs it.
—_—

o loniog il T2 I oY dnwaill §go aswyl jgpos alosll

3. Why is the anade made of a very thin wire?.% &) cllu e (e gall Qhaill) deadll Jea
To allow radiation to pass through and avoid blocking it.

o diodpen &nd V| uang Vg sledyl jgpay aowy i

How the Photoelectric Cell Works

1. If no electromagnetic radiation falls on the cathode: F< FO

~ No electric current flows (the circuit is open)..
2. Iflight with frequency ffalls on the cathode such that:

‘foo{

= Electrons are emitted from the cathode.
- They move toward the angde.
-~ An electric current is produced and measured.

F<ps

Visible light source

e Radiation
Cathode

Anode

\ A
Photocell PhotocelU
Electrons
-~ Ammete Ammeter
PN +]l|1_ PN +]I|l—

d " VA
The photoelectric effect is demonstrated by the The same photocell, illuminated by visible light,
photocell illuminated by ultraviolet light. does not display the photoelectric effect.
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QUANTUM THEORY AND THE ATOM

Important Notes @

Thexhreshold frequency depends on the type of metal used for the cathode.

The current does not depend on the energy of the electrons (their speed). It depends only on the number of
emitted electrons.

3. Increasing the intensity of the radiation increases the current only if the light frequency is greater than the
threshold frequency of the metal. - -

—

[u—

I

SgilAJI 6 pariunall gamall ggi Gle dgiell 33 snisy. 1
Aol aligiddyl sace Gle bhad snisy Jy (Ll pw) ligidlyl aglh Gle Uil snisy . 2

F7/ )'—b o) ad=ll sagi oo Sl egadl sagi gls |A!.|Q_Q.0JL&A,UJ sledyl 8aud 85lyj. 3

Explain the following: ﬁ C ce,

1. Cesium electrons can be emitted by all visible colors except red.

Because red has the lowest frequency in the visible spectrum and therefore does not have
enough energy to release electrons from the metal.

Oppositely, the other visible colors have higher frequencies and therefore have enough energy to
release cesium electrons.

2. Electrons cannot be emitted from metal surfaces when exposed to red Ilght. F <— [’o

Because the frequency of red light is lower than the threshold frequency required to release eIectrons from the
metal.

3. When ultraviolet radiation falls on a negatively charged metal plate, the plate loses its

negative charge. @ > @

Because ultraviolet radiation has high frequency and therefore high energy, which allows it to
release the electrons responsible for the negative charge.

Why Maxwell’s Theory Failed: @

It says light energy depends on intensity, not frequency.
03 Gle yudg sgall 8ads Gle sniwi cgall adlb gl Jodi

It predicts electrons should be emitted with any light.
«cgaJl (o0 £gi el bagduw sie Creii of wng ailigridlyl ol gagii
- —— [ p—

It predicts a time delay for emission.
lig Iyl Slsyil Jud ioj pali sgag rdgil

rers s

N
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QUANTUM THEORY AND THE ATOM
e
8 Einstein’'s Explanation of the Photoelectric Effect: Gl @

Energy exists in the form of packets called[photons, and the energy of a photon is given by:
:ddilell cuun 0sspi ggigall ddlh bayiyig (iligigd) iles Jhu e ggid asdlall
g

‘ E=hf§
L

Electrons in a metal are bound with different energies.

To remove an electron, a i enerqy is required called:
ioPuy adlhll go (Jislaa pjly lopyailg dalide cngdy lall 6 lig syl byiyi

Work function(\iV or ¢) E 7/ l/t) F 7/ J:. <

(

¥
If the frequency of the incident light i than the threshald frequency fo: Fcls
2f o Aol 335 G S8 JaBleal) £ Laiy) 23 5 S 1
= No electrons are emitted, no matter how strong the light is.
——— S —

£oall Bad C) il g S el duaag ¥
Each interacts with one electron only.
——

(il a5 (19 A g Je Ui (b S
= Energy from multiple photons cannot combine to free one electron.

aalg (19 A8l Al ciligiph sae A8 aand (S Yy
If the photon frequency is greater than the threshold frequency: F e F
= Part of the energy is used to release the electron

= The rest becomes kinetic energy of the electron:
e KE =hf -W

Fe-e-w
" KE=hf—nfy =h(F—F)

¢ Where:
¢~ h=6.626 x 1073*] - s(Planck’s constant)
o~ f=frequency of incident light

2~ fo=threshold frequency Cg 7 W J
W= work function

Work Function (W): minimum amount of energy required to liberate (release) electrons from its surface.
Threshold Frequency (f,): minimum frequency required to liberate (emit) an electron from the surface of a metal.

—~—— -

=)

2
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QUANTUM THEORY AND THE ATOM

Increasing\light intensitgmeans more photons:

—— sl 93 gl e Baly ) et o gual) B B
= More emitted electrons

— e e

Aimgial) i g fSIY) a3 30l ) o Y

= Higher electric current (if f > f,) -
Ef >fod b@uﬂ B ]
<+ Important Note:

In atomic physics, energy is often measured in electron volt (eV) instead of joules.
leV =1.6x10"19)

—_—

{ Photon Energy:

_E=hf = he/A @

¢ Using nanometers:
E(ev) = 1240/A(nm)
a= —_——
Important Note:

1. Photon energy is delivered to only one electron at a time.

2. For each metal, there is a minimum energy needed to remove an electron (work function W).
3. fhf <W:
o No electrons are emitted.
4, If hf = W2
o The electron is released with zero kinetic energy.
5. fhf > W:
o The electron is released with kinetic energy:

KE=hf-W

From the Graph (Bottom Left): Relationships

1. Increasing light frequency (f) increases the maximum kinetic energy of the emitted electrons.
2. Increasing intensity increases the number of emitted electrons, not their energy.
3. Increasing work function (W) decreases the kinetic energy of emitted electrons.

Current v. Frequency g | £
with Constant Intensity Current v. Intensity with L~TCurrent v. Intensity with
-l/ Constant Frequency < £, Constant Frequency = £,
—

Vo enniTred Rladven

Current

Current
| l

\!T,tensny‘;
19
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The figure shows the relationship between the maximum Kinetic energy of electrons emitted
from a metal surface and the frequency of the incident light. Based on it, answer the following:

KE
£} What does poin represent? A -

&)

E] What does the slope of the graph represent?

()

E) What does point (a) represent? %
W) N
" ¥

3 What happens to the value of point (d) when the frequency of the incident light on the metal
surface increases? Why? It does not change, because the value of @) depends only on the type of metal

————

>/

The graph shows the straight-line relationship between the maximum kinetic
energy of the emitted electrons from a certain metal surface and the frequency of
the incident light.

Based on the graph, answer the following: KE (<107°))
A
1) What is the threshold frequency of the metal? ! j B g /“1
3 % |8 Wz 30 | 7
2) What is the wavelength of the incident light that 20 i ‘% i
— —_— - i I

causes the emission of electrons with 10 ¢ 1
F AW

KE =20 x 107(—20) " J"? & \f(ﬂ‘ﬂ:)

i
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QUANTUM THEORY AND THE ATOM

If the metal is replaced with another metal whose threshold frequency is twice that of the
previous metal, draw on the same graph the linear relationship between the maximum kinetic
energy of the emitted electrons and the frequency of the incident light. Also, state what happens
to the slope of the line and justify your answer.

6 ail) 48 jald) A8l y Aadd) ABMal) () ) (Ao ana ) ¢ Bilead) Gamall A8 55 imida (iad) 033 5 AT (dray (dnal) Jadia 13)
yaal) aa all o gal) Jshall 2, eliila) g cadd) Jual Gidag La Uyl grida g Jaleal) 5 gudal) 23 55 g Almlal) il g ST
-
> =3x 10 Hz
K.E(x107J) -
1. From the graph, when A _
K.E=20x10"2J) then =~ ol g |
f=6x10"Hz

ol

1 o : Y 4

A%C_3X108_5X10_7 : : : ; : : p :

2o F T ex10m " W
o — / : 5 ! i ! /f(x ]_014HZ)

234 6 8 Sl

3. The slope of the line does not change because it has a constant valu?(l’lanck's constant).

Condition Energy Condition Frequency Condition Result
1 E<W t<t Electrons will never be emitted

Electrons are emitted without kinetic
2 = W f = fo S—
- - - energy

Electrons are emitted with maximum

3A'\f¢ J_b £ A'\(:-ut-’ kinetic energy
2N, kG‘.%Q—gb:g-a

. ué:)t-p — = —

(E) depends on (f) or (A) [frequency or wavelength] \Lk(- < 34\' 5
- — <~ o>s—30z2<D®
(W) and (f,) depend only on the type of metal ~ Se—Ss 736
- > .

(R.E,,) depends on:

1. E— Increasirfg E increases K.E, A‘."'j-b
2. W — Increasing W decreases K.E,
I —a—
KoEm oC (f = f

)
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QUANTUM THEORY AND THE ATOM

The graph shows the relationship between the maximum kinetic energy of
electrons emitted from three metals and the frequency of the incident light. Based
on the graph, answer the following:

—

. 2 2
1. What does point (Q represent on the graph? Kf,‘("ilo ‘9.)‘)
A

€ bl ans N e (d) Adail) Jias 13ke
Yb = %)(low H2—> Mc\'ﬂQ@ 10
2. Calculate the work function of metal @). § A B c
e e e s 6 A 1/ /
(B). 8l Jaill Ala o) il

T 2

W=h s =463 x15° X %xlz_®: Al
- P A0 1.

i T e

L—

3. If light with a frequency oﬂ 7I>< 10'*Hz is incident, what is the maximum kinetic energy of
the emitted electrons from each metal?

3 IS (e Aaial) i g iS5 guadll A8 jal) A8l oo Led ¢ 35y 14/]10XT 033 55 & guia Jais 13)

Rem=hp-hf = ¢ s 1aa®(Tx1_uxis | = @

4. If light of a certain frequency causes electrons to be emitted from all three metals, which
metal’s electrons have the greatest kinetic energy?

¢ ST A4S a8l ol il g S (55 318 ol AR ol Iy g S Gl (e 33 s 6 gain canasi 13)

YG -~ UX \°M"'% A

- e (F-F-
b « L__A\gmu,
- InV{'se

5. What is the minimum frequency required to release electrons from all the metals (A, B, and C)?

Tv [2 x1oVHz &/_”é
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