End of Term 3 Revision Physics
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Explain Planck's concept of quantization of energy St textbook 68
1 | Calculate the energy emitted or absorbed by a vibrating atom in a solid using the
equation Practice problems 72

@ Thermal Radiation @ Emission Spectra @ Planck’s Idea @ Key Takeaways

Infrared Visible Ultraviolet
. 10 ‘ @ Energy is quantized.
== i 3
BE6 Energy is emitted or Higher termperature shifts
4 ; 4 absorbed in discrete /\/ the peak to higher
§ £ packets (quanta), not fraquency.
e - §52 ‘ continuously.
( 4;5082) [80%06,2} £ ol = A vibrating atom can emit
é 1 2 3 @ &6 § 80 0992 E e h hf only whole-number
E Frequency (x10™ Hz) =% f multiples of hf.
= Hotter objects emit more b= 6.63 x 103 J
= r ; = 0. -
- total radiation and higher A/ Astemperature increases, the peak intensity e s - O This idea helped explain
peak frequency. sl “ increases and shifts to higher frequency. n=0,1,2,3,... [wholenumbers) A observed spectra.

Planck’s Quantization of Energy

: 2. Planck’s equation: . 3. Energy-level ladder:
.: :. 1. Concept: | A Energy
Energy is quantized: | E _— n hf ‘ =3
atoms emit or absorb energy w . Q 4. Note:
in discrete packets, ‘ n=0,1,2,3,... integer ; n=2 If n or f increases,
not continuously. | h=663x103Js » the emitted/absorbed
| f = frequency (Hz) n=1 n energy increases.
n=0
5. Worked example:
o Forn =2 and f = 5.0 x 10" Hz: & )
E = 2(6.63 x 10-)(5.0 x 10') o T REp S
—6.63x 10°° J. Key idea: energy changes in discrete multiples of 4 f.
3 -
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Define the photoelectric effect.

Explain how the photoelectric effect occurs- when light shines on a metal surface. St. textbook

69

Explain that electrons are ejected from the surface of a metal only if the frequency of

the radiation is greater than a threshold frequency

Photoelectric Effect and Threshold Frequency

o

Photoelectric effect: emission of electrons from the surface of
a metal when light of sufficient frequency shines on it.

Threshold frequency (fp): the minimum frequency
needed to eject electrons.

i = fyt
If f = fy: electrons are just emitted and KE ., = 0.

If f > fy: electrons are emitted; higher intensity
gives more current.

no electrons are emitted, even if intensity increases.

St. textbook

70

Emitted
electrons

Cathode
(=

e
©
4]
(5]
N

Below threshold (f < fo)

e At threshold (f = f;)

* Electrons are just emitted.
LS 2

* No electrons Emltted.
* Current = 0, regardless of intensity.

= 0, current is very small.

@ Above threshold (f > f,) ‘

* Electrons are emitted.
¢ Higher intensity — more current.

@

rocus auestion | Concept Overview: The Photoelectric Effect -/ ™.~

s
@m 9 Photocell o Threshold Frequency o Intensity vs. Frequency m
UV light Electrons are emitted only if (a) For f < f, = :
the incident frequency is at Current remains zero Ofn-EOEY,
I!!I least the threshold frequency f. Po matter the intensity. E=h f
Current
Current vs. Frequency 7Ph ik = Vi
The photoelectric effect —— oton Energy in e’
Current i 1240 eV -nm
isthefissionsof [ | [ % & N || &« NG e e E(eV)=——"_—
lectrons from a metal RRaS ks A (nm)
e > i r__— Current increases
surface when light of | as intensity increases. o o -
i I . T
sufﬁmentk frequency » ! T Maximum Kinetic Energy
strikes it. mmeter =
0 fo KE max — hf ok hf 0
Frequency Intensity

Photon Energy, Photoelectrons, and Graph Interpretation

e ™ A
o Photon Energy o Maximum Kinetic Energy o Graph Clues
: ' ) 4 KEmay (eV) @
E = h.f ‘ KEma_x i hf = (D ‘ @ Increasing
\ intensity
( \ slope = h increases
h C — = photoelectric
B | KEpa =h(f-fo) s
A‘ & ' ,’/ does not
Example: Photo 456V, : f' > f(Hz) change KBer
xample: Photon energy = 4.5¢eV, ) T
@ zl:eoal:z: :naevrglyengm i & work function = 2.0 eV (threshold
L — KEpay = 2.58V. ) frequency)

Use the graph to read threshold frequency and determine Planck’s constant from the slope.
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Planck’s Quantization of Energy — E=nhf

Objective 1: Explain Planck's concept of quantization of energy and calculate E = nhf for a vibrating atom.

@ 1. In the equation E =nh f, the value of n must be: 2. If n=0 in E=nhf, the energy emitted or absorbed is:
A. any real number B. aninteger A hf B. 2hf
Level 1 C. a negative number D. a unit of energy C.0 D. undefined
3. If frequency f doubles while n stays constant, the 4. A vibrating atom emits energy equal to 3 /i f.
energy E will: The value of n is:
Level 2 A. stay the same B. halve A B. 2
C. double D. become zero i C.-3 D. 4
5. Forn=2 and f=5.0 x 10" Hz, using : 6. Which statement best describes quantization of energy?
h = 6.63 x 10734 J-s, the energy is closest to ; AE b " | B. E ks onl i dicerats packets
] . nges Ci In . eXISLS only In disci Ci
A. 6.63 x 10719 J B. 3.32 x 1019 J ; ol -t s . =
Challenge C. 133 % 10-18) D. 6.63 x 10-3 J C. Frequency is always zero D. Atoms cannot absorb energy

o In Planck’s model, energy is emitted in i e
A continuous waves e

=3

E = nhf, h represents

A electron charge
B packets (quanta) A AL b B Planck’s constant E = nhf
C  masses REAGE= C wavelength
D fields Photon packets D intensity
Level 2 ‘
0 If n doubles while f stays constant, the o Forn=1and f =5x 10" Hz,
emitted energy will y s the emitted energy is given by .
F s
A halve ‘ A hif -
A ) E= J’th
B stay the same \\1/ g B hf
C  double i C nh/f
D become zero D f/h
Level 3 y
o If an atom absorbs 2 quanta of frequency f, o A solid emits 6.6 x 107" J at frequency
the absorbed energy is - /—\Q\ 5 x 10" Hz. The value of 1 is closest to ;
A IR s LR ) A 1 mE O
B 2hf B 2 - :
c wf \_/ c 10 40nm  500nm  600nm 700 nm
D Zf/h Absorbs 2 quanta D 20 Visible spectrum
% r
Electrons are ejected from a metal Threshold frequency depends e Increasing intensity of light when
only when the incident frequency is mainly on the metal's f< fowill electron emission.
the threshold frequency.

Current
Current

@ less than £ r @ color '@ start
(B) equal to or greater than \\ f f (B) material/work function Fads (B) not cause
i

© independent of {) @ intensity i@ double
fa @)) opposite to 3 @. size @ reverse

Frequency Intensity
e 2 N N vy

o N ~
At the threshold frequency, the Cesium has a lower threshold frequency Visible light often fails to eject electrons

@

minimum photon energy is . than zinc. Which metal ejects electrons from zinc because its frequency is
more easily with visible light? usually zinc's threshold frequency.

. ® o - - ;
§ i = Visible Spectrum ‘\A) EHe s | '\'@ above
£ & (B nfy ~ ¢ | p=
. e B 0 (5| | o

i C)h - .

J: (LILJ\) fi //f : 400 nm 700 nm (C) both equally : (©) equalto
() D f o) i " [ (zinc) (D) unrelated to
Frequency @ impossible to tell it L_)
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Threshold Frequency

Objective 3: Explain that electrons are ejected only if the radiation frequency is greater than a threshold frequency.

1. Threshold frequency f; is the: . 2. Ifincident frequency is less than f,, photoelectrons:
@ A. maximum frequency A. are emitted slowly
B. minimum frequency needed to eject electrons B. are not emitted
Level 1 C. light speed C. have high KE
D. metal mass D. increase current
3. At f = f,, the emitted electrons have maximum 4. Threshold frequency depends mainly on the:
kinetic energy: A. color of the wire
A. zero B. type of metal
Level 2 B. equaltoh C. intensity only
C. very large i D. ammeter reading
5. If light is below threshold, which change 6. A metal with a lower work function generally has:
can start emission? | .
. : f A. higher f,
A. increase intensity only Bl
B. use a larger metal plate i Elowsray
Challenge C. increase frequency ] C. same f, for all metals
[ T P SO Er : D nn threshald
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Calculate the energy ofa Phot_on given its wavelength or frequency. | Example problem 1.2
4 | Calculate the maximum kinetic energy of an electron ejected due to the photoelectric _ 74,76
effect Practice problems
£ ™\ ™ =
o Photon energy is given by : re For a fixed medium, a shorter o A photon of frequency 6 x 10" Hz
wavelength means photon energy. has energy closestto _____.
E=h
& J Photon Energy @ fover he W iy Useful Formula
O :i=-m E=hf B thesame B B 4x107) E=iif
C = = ! : -
. =S ;: :::E::;onmm higher For fixed h and , 4x10718 J h= 6626%10-% |
- = 6.626 X -5
BE—Pt Ezero Eoc% E4]
A J A L J
S p— o
The maximum photoelectron e If a 3.0 eV photon strikes a metal A 620 nm photon has less energy
kinetic energy is given by : ! with work function 2.2 eV, KE, than a 400 nm photon because
KE-.. = hf + h | is : energy is wavelength.
max = Af + hfy Photoelectric Effect O s ‘ O i - s
O KB =hf - sy KEpax = hf — bf, p 5'2 ev KE,.. = hf = hf; = pret V}YP"°P°”'°“3 :° B=ct
e inversely proportional to
KEpx = h/fy G ‘ mE 1
f = photon energy 15eV Values in €V can be used unrelated to 400 nm 700 nm
a KE W = f/h hfy = work function B 22ay directly in this equation. B ecualito Shorter A — Higher £
I\ )

Photon Energy and Maximum Kinetic Energy

Objective 4: Calculate photon energy from wavelength or frequency and calculate the maximum kinetic energy of an ejected electron.

@ 1. Photon energy is given by: 2. If wavelength decreases, photon energy:
A. E=mc* B. E=Fkf A. decreases B. remains the same
Level 1 C. p=my D. V=1IR ' C. increases D. becomes zero
Q 3. A photon of wavelength 620 nm has energy closest to: 4. If a photon has energy 4.5 eV and the work function
is 2.0 eV, KEpp,, ist
it & A. 2.0eV B. 6.2 eV A L5y B. 6.5 eV
€. 0:2:eV D. 12.4 eV C. 2.0eV D. 0.5eV
@ 5. A higher-frequency photon has: 6. Which photon has the greatest energy?
A. lower energy B. no energy A. 700 nm B. 500 nm
Challenge C. greater energy D. the same energy C. 400 nm D. 900 nm
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Explain that the maximum kinetic energy of photoelectrons is independent of the
5 intensity of incident electromagnetic radiation.

Explain that the current due to photoelectrons (photoelectric current) is proportional

to the intensitv of incident electromaenetic radiation.

St. textbook 70-73

4l Increasing light intensity at frequency
above f; mainly increases the

The maximum kinetic energy of
photoelectrons depends primarily on ’

With frequency fixed and above f;,
doubling intensity will roughly
the photoelectric current.

threshald frequency 0 intensity hf e
- @ ° G halve
9 number of emitted electrons / current 9 frequency / 9 diisie
G work function G area of metal / o T s % #
0 KEmax 0 ammeter reading | I Q not change it Intensity [ Intensity 2/
. A
n If intensity increases while frequency Which graph best matches photoelectric Bright red light below f; and dim ultraviolet
stays unchanged, KE_,, will current versus intensity when f = f;? light above f, shine on a metal.
Which produces photoelectrons?

o increase greatly A o downward line 5 o o

f [* ] E \ Q red only
0 decrease \bl’\_,\ / e horizontal zero line 2 e fieavisichiond

ultraviolet only
0 stay the same G ugward straight line (] (D] @ bon
@ become negative . i @ parabola opening down /\ o | | it WO, DR
s <fy > f

Intensity

Intensity, Current, and Kinetic Energy

Objective 5: Explain that KE,,,, is independent of intensity, while photoelectric current is proportional to intensity.

O

1. For light above threshold, increasing intensity
mainly increases the:

2. For light above threshold, maximum kinetic energy depends on:

A. intensity only B. frequency only

Level 1 A. photoelectric current B. KE,, .

C. threshold frequency 0wtk friction C. area of metal only D. color of ammeter
0 3. If frequency is below thresheld, increasing intensity will: 4. Doubling the intensity of above-threshold light means:

A. eject more electrons B. increase KE,,, A. more photons each second B. larger work function
Level 2 C. produce no photoelectrons  D. dcuble current C. smaller current D. lower frequency

5. The photoelectric current is proportional to: | 6. Which statement is correct?
A. wavelength B. intensity of incident light A. Higher intensity always raises K,y
. Higher intensity above threshold raises current, not KE,,,,
Challenge C. slope of graph only D. metal mass

B
C. Current is independent of intensity
D. Threshold frequency chanaes with intensity
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Interpret the graph of maximum kinetic energy of an electron ejected from a metal

6 | versus the frequency of incident photon and determine graphically; the threshold

St. textbook 75

frequency and Planck's constant.

e The y-value on this graph gives
the of the emitted electrons.

Q total charge
e maximum kinetic energy

@ threshold frequency

0 intensity

o On a KE, ., versus frequency graph, KE,.. (eV)
the x-intercept represents the 5 A
O intensity
e threshold frequency
e wavelength
0 current
e The slope of the KE,,, versus
frequency graph equals ; 0
o Planck's constant h Fo
e electron charge e
o speed of light ¢ Ifthe line crosses the x-axis
at 5 x 10™ Hz, then f, is 3
0 work function
O 5x10"Hz
Qo
(c I}
G 5eV

For a photon frequency greater
> than f,, KE__, is expected to be ”
Hz
F{Hz) O regatie
g zero or positive
A steeper line on the same graph G impossible
indicates a value of h.
0 independent of frequency
0 smaller
@ larger
e Zero
@ variable

Interpreting KE,  _vs Frequency Graphs

Objective 6: Interpreta KE,,,. vs frequency graph and determine the thresheld frequency and Planck’s constant.

1. In a graph of KE,,,, vs frequency, the x -intercept
represents:
A. Planck’s constant

O

B. threshold frequency

Level 1
C. current D. wavelength
0 3. At frequencies below the x -intercept, KE,,, is:
A. positive B. maximum
Level 2 C. zero / no emission D. equalto
5. Parallel lines for different metals on a KE,,,, vs
frequency graph indicate:
A. different Planck constants ~ B. same slope and same /1
Challenge

C. same threshold frequency  D. no photoelectric effect

2. The slope of the KE,,,. vs frequency graph equals:
i A h B. ¢
C.e D. @

4. If Metal X has a graph shifted to the right of Metal Y,
! Metal X has:

A. lower threshold frequency
C. same work function

B. higher threshold frequency
D. lower slope

A line crosses the x -axis at 5 x 10" Hz.
This value is the metal's:

A. intensity
C. current

o

B. threshold frequency
D. photon energy

A metal has f, = 4.5 x 10" Hz. Light of frequency
6 x 10'* Hz strikes it. Which statement is true?

A No electrons are emitted
B Electrons are emitted and KE_, > 0

f=6x10%Hz
@ ©
C Current is zero regardless of intensity

D Photon energy is less than hf. —_————

9 An atom absorbs 3 quanta of frequency
5 x 10" Hz. The total absorbed energy
is closest to

Photon Energy

A 1.0x1078

B 1.0%107) 1240 eV-nm
c 5J B o ]
B 15:)

~

0 Which change increases photocurrent

o On a KE ., versus frequency graph, the

without changing KE,,,,,? et P x-intercept is 5 x 10'* Hz and the slope is KErnax ()
) ; ; Higher intensity 6.6 x 1073 J 5. The work function is
A increase intensity only closest to Slopa=
B increase threshold frequency | / _.-7--—" Lower intensity A 33x10777) 66 x10-* |-
C use longer wavelength B 8.0x 1?'20 J
C 5x10*J
D reduce the number of photons 0 Potar il diffarence D 6.6 x10-3 ] 0 5104 £ (H2)
9 A photon of wavelength 500 nm strikes a metal e Which statement best compares low-intensity UV
with work function 2.0 eV. KE, ,, is closest to 3 and high-intensity red light on zinc? .
A 0.48 eV m A Red light jects more electrons i Visible Spectrum -
B 248eV A (nm) B UV ejects electrons; red may not eject any e - - ——
C 1.52eV C Both sject the same KE,,, 400nm  SO0mm  600nm 700 nm
D 0eVv D Intensity alone determines emission
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A metal has threshold frequency fy = 6.0 % 10'* Hz and
is illuminated with light of frequency 8.0 x 10" Hz.
Using h = 6.63 x 1073 J-s, KE,., is closest to:

0 1.33x10°9J O 530x107J

® 6.63x107% O o

A 400-nm photon strikes a metal with work function 2.0 eV.
The maximum kinetic energy is closest to:

O 0.40ev

® L10ev

® 2.00ev

® 3.10ev

37

O

Two beams have the same above-threshold frequency,
but beam A has greater intensity. Compared with beam B,
beam A produces:

o greater current and same KE,,,

G same current and greater KE,,,

@ lower current and same KE,,

@ no emission

@ LEARNING OBJECTIVES

o Describe the de Broglie wavelength as the
wavelength associated with a moving
particle, and calculate the de Broglie
wavelength for a moving particle using

Electron

h
A==t
p muy

e . v
| g

A KE,,,, versus frequency graph has slope

4.14 x 1075 eV-s, This slope represents:

@) the work function
© threshold wavelength

LESSON RECAP

@ Planck’s constant in eV-s s E=hf

@ photon current

@) decrease frequency

he 1240 eV+nm

If no electrons are emitted from a metal, which o E=— =
single change is most likely to start emission? A A

© increase frequency above threshold e KE ... =hf—¢

@ decrease intensity
© cool the ammeter

O 050ev
O 1.24ev
® 2.48ev
© 5.00ev

T S—

o Describe that the mare precisely a particle’s
position is measured, the greater the
uncertainty in simultaneously measuring
its momentum, and vice versa,

There is a limit to how precisely a particle’s
position and momentum can be known
at the same time.

h

‘CE:? Heisenberg Uncertainty Principle
=

KEY VOCABULARY

o

+ de Broglie wavelength

* Heisenbarg uncertainty principle

+ Momeantum « Diffraction

e WHAT YOU WILL LEARN

h h

+ Calculate de Breglie wavelength using A = — =

F my

v Explain how measuring position affects momentum
and vice versa.

—_—

A metal has threshold wavelength Ay = 500 nm.
Its work function is closest to:

threshold frequency =
x-intercept of KE,.. vs f graph

e slope =h

— VISUALIZING THE UNCERTAINTY PRINCIPLE

After Collision

Before Collision

+y | Phaton

1 i {wavelength 1)
Electron !
Photon / -

(wavelength 1) = .\";

RAVAVad 2 e o
| g

‘ Electron
\ imomentum
increases)
~
'A. Measuring position with a photon changes the elactron’s
(48P  momentum. Shorter A (higher energy) gives better position
W/ but greater momentum uncertainty.
\ J

QUICK EXAMPLE (de Broglie Wavelength)
An electron is accelerated through a potential difference of 75 V.
What is its de Broglie wavelength?

=

Answer: A =14x10"0m

(= 0.14 nm)
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Describe the de Broglie wavelength as the wavelength associated with a moving

7 particle.

Calculate the de Broglie wavelength for a moving particle (1 =

Example problem 3

80
h_

- %) Practice problems

@ LEARNING OBJECTIVE

0 Describe the de Broglie wavelength as
the wavelength associated with a moving

particle and calculate it using
h h
A — o —

p

Electron

A MOVING ELECTRON AS A WAVE

~
KEY INSIGHT

Large mass or high speed
—» smaller de Broglie

0 MAIN CONCEPT MINI EXAMPLE: ELECTRON ACCELERATED THROUGH 75 V

o Find the electron’s speed (from kinetic energy)

Matter particles such as electrons can exhibit

wave behavior. The de Broglie wavelength (1) P S . anm’
e

wavelength.

) When... Then...
Mass T Wavelength (1) |
Speed T Wavelength (A) |

WHY EVERYDAY OBJECTS DON'T
SHOW QOBVIOUS WAVE BEHAVIOR

= 5.1 x 10% m/!
is the wavelength associated with a moving % i S .
particle. @ Find the momentum Electron | Mass =911 x 1073 kg
- p=mev p=4.6x10"" kg m/s M 0 Wave nature observable
@ DE BROGLIE WAVELENGTH + 75y = (A=~ 0.14nmat 75 V)
© Find the de Broglie wavelength ) | i i <5
—————— 1 = wavelength (m) o h A=14x10- m Bowling Ball Mass = 7.0 kg
h =P 3 . ;
= E = i ' (f:;i:(s]go_;n‘s?:§ 4 Extremely tiny A
P mv p = momentum (kg-m/s) ° Express in nanometers (~107%% m at 8.5 m/s)
\ m = mass (kg) inm=10"%m A=14%x10""m=0.14 nm Mo observable wave behavior
\_ v = speed (m/s) ) \_ P
F: g \I
o The de Broglie wavelength is associated | o Which formula correctly represents the
LEVEL1 with which of the following? de Broglie wavelength?
I @ A moving particle ; v QO Ai=h/ip de Broglie
— ~
al @ A stationary object only 0 Q i=pih Wavelength
@ An electric field only N @ i=h/mv = h
Q Temperature only ] | o A=mvih p |
\ - J \ =
LEVEL 2 ( e If a particle’s momentum increases, what happens | ( o Which particle would have the larger de Broglie )
to its de Broglie wavelength? wavelength if all move with the same speed?
M © Increases Momentum (p) @O Electron i
il © Decreases ——— @ Proton e 0
@ Stays the same de Broglie Wavalength (1) @ Bowling ball e p*
L @) Becomes zero e | L © Truck . Seme speed e )
.". ; .\ 'd i - ’\,
LEVEL 3 o An electron has momentum p. What happens to its o A student compares an electron and a tennis ball. Which
de Broglie wavelength if the momentum becomes 2p? statement best explains why wave behavior is more
© itbecomes 24 | 2 noticeable for the electron? ; Tennis ball
| © itbecomes A2 1 p : P @) The electron has no charge. Electron i ;
© [Itstays the same (A) e : ‘ The electron has much less mass. e ‘ L
0 T A i TAVAVAYA @ The electron moves much slower. ;
i A= @ The electron has higher kinetic energy. VYA Y |
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Describe that the'more precisely a particle's position is measured, the more the

uncertainty in simultaneously measuring the particle's momentum, and vice versa §&ektbook 8l

8

At the atomic scale, position and mementum cannot ‘ Before Collision After Collision Ehertar wavelshgtilhighsr
both be known with unlimited precision at the +y Photon energy) photons provide
same time. Measuring one more precisely (wavelength 1) better position measurement
increases the uncertainty in the other. | Electron but cause a greater change
Photon P in the electron’s momentum.
| (wavelength 1) o 4)’ o
@ THE HEISENBERG UNCERTAINTY PRINCIPLE | W e Z - Shorter A Better position
[ K \ > (higher energy) ‘ measurement
h ﬁ Greater disturbance
Electron
Ax Ap i ‘\ (momentum of momentum
4’” 2 increases)
2 @ REMEMBER
Ax: = uncartaintyin position (m) The photon’s callision with the electron disturbs the electran’s momenturn. € Mors pracise position
Ap' = uncertainty in momantum (kg-m/s) The better we know the electron's position, the more we disturb its momentum. — Less precise momentum
J'i = Planck's constant = 6.63 x 10734 J-s | ) DA el
= reduced Planck's constant = 1.05 x 107 J-s = — Q MW‘ precise momentum
= Less precise position

Wide bearn / 1 Narrow beam
! (high precision) 4 * This principle sets a fundamental limit on all measurements
(low precision) i d o - : : .
-p ‘.\') 1 Pinpoints location = ( * at the atomic and subatomic scale. It is essential for

‘ e ANALOGY: FLASHLIGHT AND PITCHER'S MOUND
better \ e understanding atomic structure and quantum behavior.

Hard to locate
exact spot

@ LEVEL 1 - BASIC UNDERSTANDING @ LEVEL 2 - CONCEPT APPLICATION . LEVEL 3 — HIGHER THINKING

o The uncertainty principle relates e Which equation best represents 6 Measuring an electron’s position
which two quantities? P the uncertainty principle? very precisely causes its
2
A. position and momentum A AxAp=20 momertturn to become what? ‘,+.\
h h A. more uncertain 7 %
B mase atehehane X B. Ax+Ap2h AxAp > — B. exactly zero -": O p-
C. speed and temperature k.8 in f L \ .
C. AxAp = R o
D. energy and volume 4!? C: constant ‘r
D. AxAp £ e D. easier to predict
\ 2N g kg ,
( 3 lr . ) = B
e If the uncertainty in position o Why does using a shorter-wavelength 0 Which situation best illustrates
decreases, what happens to the photon improve position measurement? the uncertainty principle i
b o - e >
uncertainty in momentum? Ay, ErslsravasRSaes 3 at the atol:nlc scale? . N
A. increases Ax AP | finar detail. A. Measuring an electron’s position
: /\j\/\r with a short-wavelength photon. J\N\l‘
R e— B. Itincreases the mass 5 i +x
» | of the photon. : : B. Measuring a car’s speed
C. unchanged e——i with a speedometer.
C. It reduces the electron's charge. H | c Timi E
Evibacomassers g . Timing a runner with a stopwatch.
D. It removes the photon’s momentumn. D. Weighi g
. Weighing an object on a scale.
. A N s P
B ~
An electron and a proton have the same de Broglie A particle’s speed doubles while its mass stays
wavelength. Which particle has the greater momentum, constant. What happens to its de Broglie wavelength?

or are they equal?

I les. h
The electron has greater momentum. 6 @ @ Eroubles A= v
It halves.

The proton has greater momentum. Mass (m) constant
© /\/\/—\ @ It remains the same. v = v

They have equal momentum.

Cannot be determined with the given information. Ly A (same) | @ It becomes four times larger. What happens to A ?
2
e )
A scientist wants a more precise position measurement In a thought experiment, using a very short-wavelength
of an electron. Which choice best explains the trade-off photon to locate an electron changes which quantity
according to the uncertainty principle? most directly?
o
@ Position becomes more precise, so momentum becomes more uncertain. @ The electron's charge. Short-:aveleng(h 2
t
Momentura becomes more precise, so position becomes more uncertain. p o

The electron's mass. +
@ The electron’'s momentum. A (very small) Mamemum
@ The electron's spin.

END OF TERM 03 REVISION 2025-2026 — PHYSICS- AL
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Describe the electron distribution within the atom according to Thomson's model.
9 | Describe how Rutherford's alpha particles scattering experiment led to the revision of | St. textbook 82-83
Thomson's model of the'atom and the introduction-of the atomic nucleus

Thomson's Rutherford'’s
Plum-Pudding Model Gold-Foil Experiment
] [
L] o
Objective 9: Thomson Model I
* Alpf_la i e
and Rutherford Scattering o —— :
Gold foil
— Gold foil
LEVEL 1 In Thomson's model, the atom’s positive charge is: m In Thomson's model, electrons are:
A) concentrated in a nucleus A) embedded in & positive sphere
B) spread uniformly through the atom B) orbiting a nucleus
C) carried by neutrons C) inside the nucleus
D) absent | | D) moving in fixed shells
LEVEL 2 m In Rutherford’s gold-foil experiment, most alpha particles: A few alpha particles were strangly deflected
L because the atom has: a
A)  bounced straight back e — ™ A) a tiny dense positive nucleus \‘) /
B) passed through undeflected —s > B) a large negative center ! @ y
C) were absorbed T“' C) magnetic poles '\__ 2
D) tumned into electrons D) no empty space R
LEVEL 3 m Which statement best revised Thomson's model? tE!:'iedf::tet:: the nucleus is very small comes from
$ A)  Atoms are mostly empty space A) all alpha particles were deflected 74
. —
. B) Atoms have no electrons B) most alpha particles passed through — :
C) Positive charge is spread out evenly

C) electrons are light e —
D) \‘

D) Nucleus contains only electrons atoms emit light

10 Explain how the composition of an unknown gas sample can be determined using its

o : St. textbook 84-85
emission and absorption spectrum

Emission Spectrum Absorption Spectrum

Objective 10: Using Emission - ‘I:-

and Absorption Spectra

Wavelength (nm) ——» Wavelength (nm) ——
LEVEL 1 ‘ m To identify an unknown gas sample, scientists usually: A bright-line spectrum is produced when:
A) compare its spectrum with known spectra A) excited atoms emit specific wavelengths
‘ ' | B) measure its mass cnly '_I B) white light passes through a prism only -
C) observe its color in daylight 'l_ 3 — !. C) asolid is heated strongly
| D) count its atoms D) lightis completely blocked Wavelength {(nm) ——»
LEVEL 2 If an unknown gas shows the same emission lines In an absorption spectrum, the dark lines
as neon, the sample most likely contains: represent wavelengths that are:

A) neon
B) hydrogen only
C) carbon dioxide

1 A) absorbed by the gas r‘j =3 \
B) reflected by the detector i i 2 / ;

C) created by the prism

D) no element can be identified D) changed into electrons Wavelength (nm) ——»
LEVEL 3 If the dark lines in a gas sample occur at the same Spectroscopy is useful for identifying gases
wavelenghts as sodium’s bright emission lines, because each element:

the sample contains:

A) sodium D; A) Interacts with specific wavelengths
@ g e < 5 v o pece o | R AN
C) oxygen -_ C) glows with white light only Hydrogen Helium Neen

B): ‘rsagkr Wavelength (nm) D) changes into another element Wavelength (nm) ————

END OF TERM 03 REVISION 2025-2026 — PHYSICS- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING




School Branch 1 Jo¥l aagutal| g il

School Cluster 2.4 4.2 uyudl Ll

Zayed Ed. Complex - 0 atl o astl s

Al Khawaneej C1,C2 & C3 P A gl g2 i L e
&L MINISTRY OF EDUCATION A g aalidl g Jo¥l daladl

‘11

Objective 11: Absorption Spectrum

Explain that the absorption spectrum of an element is-a unique pattern. which serves
as a fingerprint of that element.

as an Element Fingerprint

LEVEL 1

A o
A) same element Sample - A) eachelement has a distinctive pattern ~  Z==3
B) same volume only G I - B) all elements share one pattern f/-\\ - ||'|-
C) same pressure only Sample 2 - I - C) they identify molecules only ‘J}@ﬂ .
D) same temperature only D) they show mass directly
J
LEVEL 3 A star's atmosphere shows dark lines that exactly If an unknown sample’s absorption pattern does not
m “m:tch heliu:-.'s absorption lines. This is evidence that m match a reference element, the best conclusion is: o
it nta' 3 " nknown semple
A} helium e b il A) itis a different element or mixture
B) carbon anly -’W\»* I - B) the sample must be hydrogen Retdrencialimant
elium absarption e
C) sodium only C) absorption spectra are not useful i
D) nogasatall -I - D) all gases have identical spectra - .

‘ St. textbook

Continuous spectrum

Absorption spectrum

‘ 85-86

m An absorption spectrum appears as:

The pattern of absorption lines for an element

is unique because it depends on the element’s: ,‘{ —
A} dark lines on a continuous spectrum A) elactron energy levels N
B) bright lines on a black background - | . B) container shape t ( ®! )
C) onesingle color only C) room temperature only \\\/f/
D) random colored dots D) density of air .

If two samples have identical absorption spectra,
they most likely contain the:

m Absorption spectra are called element fingerprints because:

Explain that an atom can transition from an-initial energy state (E;) fo-a final energy

12 | state (Ef) by absorbing or emitting a photon whose energy equals the difference St. textbook 85-86
between tlie two states.
’ Absorption Emission
R E, i
. . . e 0 "
.
Objective 12: Atomic Energy Transitions = ——w> & | wo
| p— | N hy E, v hy
Ly g ppp—

LEVEL 1 m Eﬂzt;;z‘:‘ag?;e:‘ir;:“ wlewretensToy stedun bighe The energy of the absorbed or emitted photon equals:
A) absorb a photon 7 E3 A) the difference between the two energy states —
B) emit a photon E B) the total mass of the atom
C) lose an electron 2 AN C) the charge of the nucleus £, WA
D) splitits nucleus _ E, hv D) the orbit radius only E, y hy

When an electron drops from n = 4 to n = 2, the atom: ¢;|‘ al{;‘mt;halngelsvfrgm E :h_a eVio Ej=-1eV.
e photon involved must have energy:
A) emits a photon =i} A) 2V ibsoited = Ef=-leV
B) absorbs a photon e = B) 2 eV emitted 0
MM v

C) becomes neutral —_— o M €) 4eV emitted
D) loses all its energy i D) 1 eV absorbed — E; =-3eV

LEVEL 3 Only certain wavelengths are absorbed or emitted by an If a photon’s energy does not exactly match the required

atom because atomic energy levels are: energy difference, the transition will:

A) quantized vee Es A) not occur Ey —_—
B) continuous ry EJ B) always occur
C) random E, C) double in energy E; X
D) identical for all atoms v E, D) produce two electrons El y
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Deseribe Rutherford's nuclear model of the atom, as a small dense positively charged
13 | nucleus surrounded by orbiting electrons (planetary model), and explain why this St. textbook 86-87
model cannot explain the stability and the observed line emission spectra of atoms.

y 4 Rutherford’s Nuclear Model Alpha-Scattering (Gold Foil)

Objective 13: Rutherford’s Nuclear ﬁga o el
Model and Its Limitations ety

k.

LEVEL 1 m Rutherford’s nuclear model describes the atom as: [ :'e‘::?u"‘::::;:s’taiie;x:;?d through gold foil

‘/‘ A)  asmall positive nucleus with electrons around it A) empty space
‘ ’ B) a solid positive sphere with embedded electrons B) solid metal

C) only a cloud of protons C) negative charge
D) asingle neutral particle D) neutrons
L —— i s
A few alpha particles were strongly deflected because: Rutherford's planetary model cannot explain atomic

stability because orbiting electrons should:

A)  positive charge is concentrated in a tiny nucleus
B) electrons are very heavy
C) atoms are magnetic

A) radiate energy and fall into the nucleus
B) become neutrons
C) stop moving instantly

_ D) alpha particles lose mass ) D) create continuous matter
d N
LEVEL 3 (oMl Rutherford’s model cannot explain the observed line In Rutherford’s model, most of the atom’s mass is Ty
spectra because it predicts: concentrated in the: 0
A)  continuous radiation rather than discrete lines 2 A) nucleus @ 4
B) no electrons in atoms 5 B) electron cloud
C)  no nucleus in atoms 2 C) outer shell L
D) only one energy level Wavelength D) empty space
Calcullate the total energy of a Hydrogen atom _ _ ‘ Example problem 4 ‘
14 | Describe that the tadius of the electron’s orbit in Hydrogen atom-is proportional to 92
n®. while the ¢nergy of the atom is inversely proportional to 7%, ‘ Practice problems ‘

. . 13.6 eV i .
L) e - - b \
Objective 14: Hydrogen B w 7 ;
n T i e @ ;
. ® T o :
Energy and Orbit Radius | r.=n*n S .
n=1 =2 i
LEVEL 1 Rutherford's nuclear model describes the atom as: Bl Most alpha particles passed through gold foil
m because atoms are mostly: ~ l
/ A)  asmall positive nucleus with electrons around it A) empty space .
‘ ’ B) asolid positive sphere with embedded electrons B) solid metal =
C) only a cloud of protons C) negative charge :,
D) asingle neutral particle D) neutrons
== N Y
LEVEL 2 m A few alpha particles were strongly deflected because: Rutherford’s planetary model cannot explain atomic .
: stability because orbiting electrons should: @ Q
A)  positive charge is concentrated in a tiny nucleus A) radiate energy and fall into the nucleus i o
B) electrons are very heavy B) become neutrons 3, "\ Q TJ]}"‘*
C) atoms.are magnetic ks 4 C) stop moving instantly \ 9
| D) alphe particles lose mass ] D) create continuous matter hgEags
LEVEL 3 Rutherford’s model cannot explain the observed line In Rutherford’s model, most of the atom’s mass is G Ry
spectra because it predicts: concentrated in the: 0

C) no nucleus in atoms C) outer shell
D) only one energy level Wavelength D) empty space

A)  continuous radiation rather than discrete lines 2 A) nucleus @ ;
B) no electrons in atoms g B) electron cloud 3
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‘ 15 ‘ Explai_n that thf: Lyman, Balmer and Paschen series and:the energy levels and St textbook ‘ 91 ‘
ansitions correspond to them
&y e s
n=4
n=23
Objective 15: Lyman, Balmer --: i ddl |eew

and Paschen Series it R i o v

(ton=1) (ton=2) (ton=3)
uv Visible Infrared
LEVEL 1 m The Lyman series consists of transitions that end at: m The Balmer series is mainly found in the:

A) n=1 A)  visible region
( ’ B n=2 B) ultraviolet region
C n=3 Q)

gamma region

D) n=4 . D) radio region
LEVEL 2 The Paschen series corresponds to transitions that end at: Which transition belongs to the Balmer series?
A) n=3 A) n=4ton=2
B) n=2 B) n=4ton=1
.|I Q) n=1 © n=5ton=3
DY n=5 | D) n=2ton=1
LEVEL 3 Which series generally has the highest-energy photons? m Arrange the series from lowest to highest photon energy:
A) Lyman A)  Paschen, Balmer, Lyman
B) Balmer B) Lyman, Balmer, Paschen
C) Paschen C) Balmer, Lyman, Paschen
D) all are equal D) Balmer, Paschen, Lyman
| | |
‘ 16 Calculate the energy. frequency. and wavelength of an emitted or absorbed photon as | Example problem 5 93
, an atom transition from an initial energy level to a final energy level Practice problems

Objective 16: Photon Energy, . "
Frequency and Wavelength W e

Mg

LEVEL 1 m A photon with energy 2.48 eV has a wavelength ‘. If a transition emits a photon of 4.0 eV,
closest to: the frequency is closest to:
he
O/‘ A) 500 nm B A) 9.7 x 10 Hz E=hf
B) 250 nm B) 1.0 x 10'2 Hz g

e IR NN || I TR AT A AT ™
D) 1000 nm : . D) 6.6 % 10% Hz |

h=6.63%x1073%]s

-

LEVEL 2 A photon of wavelength 413 nm has [ m If an emitted photon has frequency 6.0 x 10™ Hz,
energy closest to: its energy Is closest to:
hc

A) 3.0eV B=— A) 398 x 10711 E=hf

B) 1.0eVv B) 6.0x 107% ) f

€ 6.0eV % % N T ©  1.80 x 107 J - i

D) 03eV -~ || B) 200 x 107 ) m
LEVEL 3 m In hydrogen, the transition fromn=3ton =2 m Which statement is correct?

produces a photon with wavelength closest to:

@ £ 686 - A) z:arter wavellengt: means Igreate; photon energy /\/\/\[\/\;
B) 121 nm i I AN B) orter wavelength means lower frequency W

G 1875 nm C) Longer wavelength means greater energy
i _—
D) 97 nm A — D) Energy is unrelated to wavelength 1
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Hydrogen Energy
Level Diagram

2 3= 3
nu n

Energy (eV)
N oW 8

Rutherford observed that most alpha particles
passed straight through gold foil. The best conclusion
is that atoms are:

Hydrogen Emission (Balmer Series)

410 434 486

LT S TSI T S -

An unknown gas has bright lines at the same
wavelengths as hydrogen. The best conclusion
is that the gas contains:

A)  mostly empty space e A) hydrogen
B) mainty negative charge | B) soqium only
C) solid spheres — C) helium only
D)  made only of nuclei \ D) no identifiable element
m A continuous spectrum passing through a cool sodium | An atom drops from 5.0 eV to 2.0 eV. 3
gas shows dark lines exactly where sodium emits The emitted photon wavelength is closest ta: // e n=5
bright lines. This means the cool gas: A) 413nm o \_\\\\ n=4&
A) absorbs those same wavelengths B) 1240 nm '/ i (0 “ ] n=3
B) creates new wavelengths _NJ""\K ! n=2
; C) 620nm N A
C) blocks all light equally DY 24 \\\p,// n=1
D) contains no sodium ) 8 nm =
Which atomic model fails because orbiting electrons e, m In hydrogen, if n changes from 2 to 4, / e
should continuously radiate energy? T B the orbit radius becomes: y // A 4 n=4
A) Rutherford’s planetary model / \' A) 4 times larger ,’ / ./ TN n=3
B) Thomson's model i 6 @ B) 2 times larger A I ) n=2
5 \ 5 \ e o =
C€) Dalton's model b A C) 8 times larger \ e R g——EE 1
D) Democritus's model e D) half as large \\ T )/
[ey ) Which transition belongs to the Lyman serles?  n=5 — m A photon with wavelength 97 nm most likely
= n=4 belongs to the:
= = Aagae—t_L ol 5
A) n=3ton=1 X A) Lyman serl.es i sisiib - e T
B)] n=3ton=2 n=2 B) Balmer series
C) n=4ton=3 C) Paschen series r : - ! }
D) n=2ton=4 =1 A D) microwave region 10 nm 100 nm 1um 1mm 1m
LEVEL 1 m The total energy of a hydrogen atom at n = 4 is closest to: m For the hydrogen transition n = 3 te n = 2, the emitted photon
P frequency is closest to:
J A)  -0.85 eV i % n=1 il s n=3
/ .6 X z
B) -136eV / =2 A i
() i A3se i i B) 6.0 10% Hz n=2 I &
) -34ev | Mo C) 1.0x 10" Hz
D) -1.51eV s D) 9.7 % 10 Hz n=1

An unknown sample has an absorption spectrum that exactly
matches helium’s. Which statement is best?
A} helium is present in the sample
Bl  only hydrogen is present
C}  the sample must be a solid
D} spectra cannot identify elements

LEVEL 2

Wavelength (nm

Helium Absorption Spectrum (example)

m If the wavelength of an emitted photon becomes shorter, then
its energy:
A)  increases
B) decreases
C)  stays the same
) —» D)  becomes zero

LEVEL 3 Q13 The shortest-wavelength line in the Balmer series comes from a m In hydrogen, absorbing a 10.2 eV photon most likely causes
transition that ends at n = 2 from: n=é - 25 the transition: n=4
A} avery high n level e = A n=lton=2 n=3 RS
B) n=3only il B) n=2wn=1 o 10.2 eV
C) n=1 n=2 ) n=3twon=2
D) n=2 P D) n=4ton=13 n=1
LEVEL 4 m The main reason each element has a unique absorption spectrum m As the principal quantum number n increases in hydrogen, the e e ey
is that each element has: spacing between adjacent enargy levels generally:
Sedium Abscrption Spectrum i
A)  its own set of energy levels A)  becomes smaller S : =3
B)  the same nucleus size PR B) becomes larger ‘é -
S u i m &
€)  identical electron masses i) L. ke C)  stays constant g
D)  the same number of shells D) becomes zero immediataly a n=1
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Ilustrate that. in the Bohr model. the circumference of a stable electron obit must be
17 | an integer multiple of the de Broglic wavelength (2mr=nA), as a result of combining -| St. textbook 95

de Broglie and Bohr ideas.

L]

| Bohr Model + de Broglie Waves
[ FOCUS QUESTION LEARNING OBJECTIVE 17

WG areBnlvieorid s leCHo RIS Stable? lllustrate that, in the Bohr model, the circumference of a stable electron

Y wY S B orbit must be an integer multiple of the de Broglie wavelength: 2tr = na.

8

.
@ KEY CONCEPT _ 1) n=3 _ _ _ 3) n=29

In the Bohr model combined with

e '. = |
de Broglie's idea:
* A stable orbit occurs when a 2 mnmr = nk 1
whole-number number of de
Broglie wavelengths fits exactly
around the orbit’s circumference. n=123,.. [
+ |f the wave does not fit exactly, |

the orbit is unstable.

Stable condition Stable condition Unstable condition
TAKEAWAY Three complete cycles Five complete cycles Wave does not close
' per orbit per orbit [ around the orbit
Only standing-wave orbits are stable. \_ ) ] ) |
@ (Level 1) In Bohr's model combined with de Broglie's idea, @ (Level 1) Which value of n corresponds to an allowed
a stable orbit occurs when: stable orbit?
A) the electron stops moving C) the wavelength is zero A) 25 C) 4
B) 2nr =na D) the radius is always 1 m B) 3.2 D) 0.7
—
- . L] .
| Practice: Stable Orbits and de Broglie Waves
@ Qbjective 17 Practice — Using 2mtr = nA
REMEMBER! f =
‘ 2nr = nA ’
* Stable orbit » whole-number
multiple of A ‘ Stable condition Stable condition Unstable condition
N bl s ltiol | Two complete cycles Four complete cycles Wave does not close
' ot stable = non-integer multiple L per orbit ) per orbit around the orbit
7 =% - B
(Level 2) If the circumference of an 1/, Ny (Level 2) Which statement best (Level 2) An orbit has circunference -7~ W
orbit equals 53, what is the quantum 4 \’ explains why the orbit forn = 3 2nr = 4.2A. According to the / L]
number n? 1 54 I is stable? Bohr-de Broglie model, this crbit is: '\ 2nr=4.21 :
AY /
Nl % & i o
A) The electron is motionless A) stable because n is greater than 1 ]
A) 25 C) 10 B) The wave has three complete B) stable because the wave nearly fits
1 cycles around the orbit o e O
B) 5 D) 5 C) The orbit has zero radius e i N PSS
D), The wavelangth i infitits D) unstable because A is always zero
Q TAKEAWAY Only when 27tr = nl with integer n does the wave close on itself and the orbit is stable.

| Higher-Level Check and Challenge

@ Objective 17 — Level 3 and Challenge MCQs

@ VISUAL RECAP Allowed orbit Nonallowed orbit @ (Level 3)  For a stable orbit, the electron's de Broglie
Bohr + de Broglie condition for wavelength is 0.50 nm and n = 6.
stable electron orbits: What is the orbit circumferance?
2mF = il 7 ‘me A) 0.083 nm
( . | B) 30nm
] I
\ ]
A C) 65nm
MINI CONCEPT Wavelength fits exactly: Wavelength does not fit: b /;‘1 )
it = i . " " g o D) 12nm
Allowed orbit = standing wave; 2nr = nA (n = integer) 2ar=nA(n#integer) | = T )
nonallowed orbit =
destructive mismatch.
(Level 3)  If an orbit has radius r, which equation represents the @ CHALLENGE MCQ @ (Challenge) A srudent claims that an orbit with n = 2.8 should be
allowed wavelengths for stable motion? s stable because it is close to 3. Which is the best response?
A A) A= 2arn A} Correct, because approximate clesure is enough
o 3 B}  Correct, because only large n values matter
i i B) A= 2 ;
l r n €} Incorrect, because only integer numbers of
'\\ A ) A= =lils wavelengths form a standing wave
P ,-Nr D)  Incorrect, because de Broglie wavelength is
D) A= n unrelated to orbit stability
@ THINK LIKE A PHYSICIST ‘ Only exact whole-number wave fits produce stable standing-wave orbits.
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Define the mass number, A, as the total number of 1iucleons (protons and neutrons) in | gt textbook 107-108
an atomic nucleus (A=Z + N).

Represent nuclei of isotopes using the notation. where 'Z' is the atomic number and
'A" is the mass number

18

Practice problems 109

/

I / : Binding Energy per Nucleon
he NUCIeus Nucloons 0
Proton (p)
B Bl -2 Very stabl
What is inside an atom? Charge=+¢ | |Bs e
e sg
- 0 Neutron (n) £¢g
/ 3 Ch = i
@ LESSON OVERVIEW ot B R
o
The nucleus is a tiny, dense, positively U s i -8
charged region at the center of an atom. <
i -10
L ceptalts pmn: 21l pediitons [nudacts Isotope Notation Isotopes: Same Z, Different A 0 50 100 150 200 250
Isotopes have. the same number of " 5 % Number of nucleons (A}
protons but different numbers of neutrons. A X = element symbol 1H iH 1H :
2 2 56 235
Nucleons are held together by the strong X A = mass number H ] C | ZGFe | lE?l}Te | | 9’2U ‘
nuclear force. Because the actual mass of (total nucleons) . “ e = 4 4
a nucleus is less than the sum of its parts, Z = atomic number Light nuclei Most stable Heavy nuclei
a mass defect exists and binding energy is (protons] Ip On Ipin 1p2n (a3 table) (Iron-56) Bezs i)

\

released to hold the nucleus together. ) oo ~/
b T P

| o Key Ideas: Nucleus = size 107" m | Extremely dense | Strong nuclear force binds nucleons | Mass defect — Binding energy {@ 18 MCQ in 3 levels + 6 challenge MCQ ]

Objective 18: Isotope Notation \ " Examples
drogen Isotopes (Z =
Mass Number and Hyerogen Isotopes (2 = 1

Isotope Notati il I
sotope Notation
A = z » N ‘Element . w e

1 proton 1 proton 1 proton
— - — =—— symbol 0 neutrons 1 neutron 2 neutrons
Atomic number (Z): E | A=1 A=2 A=3
The number of protons in the nucleus. B
e Neutron number (N): Atomic number (2) | Carbon-14 Example
The number of neutrons in the nucleus. Nur;f:r::f | 14 6 protons (Z=6)
Mass number (A): Pr C 8 neutrons (N = 8)
The total number of nucleons (protons + neutrons). e 6
A=Z+N A=Z+N | A=14=6+8 |

g

Mass number (A)
Total nucleons
(protons + neutrons)

PS N\
("_“\\ 1. Isotopes of an element 2. Neutral atoms of isotopes e 3. The mass number is the
[ L have the same atomic ( @ have the same number @ \ total number of nucleons:
Key Takeaways _\-‘/’l number (Z) but different iy ;i of electrons because Z N A = protons + neutrons
"= neutron numbers (N). | e is the same. o (orA=Z+N) |
o Key Ideas: Z = number of protons | N = numberofneutrons | A=Z+N | Isotope notation: }.X
L4 ® ®
Objective 18 - MCQ Practice IR
=
. What does the mass number A represent? 2. In the notation ﬁNa, the atomic number Z is: n
A. number of protons B. number of electrons A. 23 B. 1 Na
. total number of nucleons D. number of neutrons C. 12 D. 34 s;;r;;" )
— = — - = - — ——
An oxygen isotope has Z = 8 and N = 10. Which isotope is it? 4. Which pair are isotopes of the same element?
©
o B. 5O s A Pcand YC B. JCand YN @ v @
L] 6 L]
so D. Yo = C. 1H and 3He D. ¥Oand 7N Y por ]
. A nucleus contains 17 protons and 20 neutrons. lts symbol is: 6. Which statement is correct?
a ?;CI B. ?gci d A. Isotopes have same A and different Z B. Isctopes have same Z and different N ‘
J g(.i Ci D. ;; Cl C. Isotopes have different Z and same N D. Isotopes abways have same mass
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Define the strong nuclear force as a very short-range attractive force that acts
between nucleons (proton-proton, neutron-neutron, and proton-neutron) when they

19

are very close together. as in the atomic nucleus.

Define the mass defect as the difference between the actual mass of an atomic
nuclens and the snm-of the masses of its constitiitine micleons

St. textbook 109

Objective 19: Strong Nuclear Force and Mass Defect

The Strong Nuclear Force

The strong nuclear force is a very short-range
attractive force that acts between nucleons
(protons and neutrons) only when they are
extremely close together in the nucleus.

It is much stronger than the electric force at
distances of about a nucleon’s radius.

| 0 Range of the strong force = 10" T m ‘

Proton-Proton
Strong force

o (attractive)
G—

e Eloctric force ]y

(repulsive)

At very short distances, the attractive
strong force overcomes the electric
repulsion and holds protons together.

Nucleon Pairs and Forces
Neutron-Neutron

Strong force

o (attractive) o

Two neutrons attract each other by
the strong nuclear force.

Proton-Neutron

Strong force

0 (attractive) o

A proton and a neutron also attract
each other by the strong force.

Mass Defect

@

When nucleons bind together to form a nucleus, the actual mass of the nucleus is

less than the sum of the masses of the separate nucleons.

mass defect, Am = (sum of masses of separate nucleons) - (actual nucleus mass)

The “missing” mass (Am) is converted into binding energy that holds the nucleus together.

e

Before Binding

0 00

Sum of masses
=my+my, +my+my,

Am = (m;+m, +my+m)— M,

After Binding (Nucleus)

&

Actual nucleus mass

Mucleons
bind via
strong force

= Muycrons

>0

nucleus

o Key Ideas: Strong force is short-range and attractive | Acts between all nucleon pairs | Mass defect (Am) — binding energy

Objective 19 - MCQ Practlce

L@ 6 questions in 3 levels 1

=

Level 1 1. The strong nuclear force is mainly: bk (2™ strong nuclear force acts between:
A. long-range repulsive © ° A. electrons only ° 4_,3
B. short-range attractive B. protons only
Recall & C. long-range attractive oy > C. nucleons close together D
Understand D. short-range electrical Nucleus D. atoms far apart Very short range
L A
™ =
o T M
Level 2 3. Why doesn't the nucleus fly apart? 1 4. Mass defect is the difference between: el
@ A. gravity dominates ~ P A. actual nucleus mass and sum e~
B. electrons hold it together of nucleon masses
B. proton mass and neutron mass
Apply & C. strong nuclear force overcomes P *_ .
A al:m proton repulsion at short range 1 C. atom mass and electron mass A‘mm';';d'"s "mz‘::',::ms
D. magnetic force cancels charge D. charge and mass number
A\
Level 3 2 1 separohed nibclacre haye more st Hian g nuciau, Mass — 6. Which interaction pair is bound by strong nuclear
the missing mass has been converted into: converted to a ) ° P
2 @ o ordtsren force in the nucleus? Py
@ A. e%ect'rlc charge ° o A, proton-proton only /,: sm.\gk 3
e B. binding energy Qo B. proton-neutron only S nudear
Ea : C. extra neutrons Separated Nucleus C. neutron-neutron only 504---!"-”-’--». .
Xten D. atomic number T {lower mass) D. allnucleon pairs

o £
| o Key Ideas: Strong force is short-range and very strong | Binds nucleons and overcomes proton repulsion | Mass defect > binding energy | @ 18 MCQ in 3 levels + 6 challenge MCQ J
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20 | Calculate the mass defect of an atomic nucleus. Example problem 1 n

Calculate the binding energy of an atomic nucleus.

Practice problems

Objective 20: Mass Defect and Binding Energy Calculations

Method: From Nucleon Masses to Binding Energy

@ Mini Example: Deuterium (*H)

Nucleon Number Mass Defect Binding Energy Conversion &
Iven
A=Z+N Am = (sum of masses BE = Amc? lu= - mp = 1.007825 u ( “ @
A = mass number of separate nucleons) where ¢ is the speed 931.49 MeV/c? * my = 1.008665 u p. 4 N
- — (actual nucleus mass) of light ‘ * Actual mass of *H = 2014102 u s

N = number of neutrons

ey,

Identify Protons

Calculate Sum of e Find Mass Defect Convert Am to
and Neutrons Separate Masses (Am) Binding Energy
Q »E r »
1 4 14 p
Subtract the actual Multiply the mass

Add the masses of
individual protons and
neutrons:

Z xmy+ N xm,

From the isotope
notation § X, determine
Z (protons) and
N = A — Z (neutrons).

nucleus mass from the
sum to get the

mass defect.

Am = Msum — Mnuclens

defect by 931.49 MeV/c?
to get the binding
energy (BE).

BE = Am x 931.49

Deuterium (*H) has 1 proton and 1 neutron,

« 1u = 931.49 MeV/2

1) Sum of separate nucleon masses
1.007825 + 1.008665 = 2.016490 u
2) Mass defect
Am = 2.016490 — 2.014102 = 0.002388 u
3) Binding energy
BE = Ame® = 0.002388 x 931.49 = 2.22 MeV

(total for the nucleus).

The binding energy of deuterium is 2.22 MeV/ J

Worked Example Tritium .f [

PROBLEM

Find the mass defect and binding energy
of tritium (FH).

Given:

= mass of hydrogen atom = 1.007825 u
® mass of neutron = 1.008665 u

= mass of tritium atom = 3.016049 u )

Tritium (H)

1Proton (p)
Charge = +e

2 Neutrons (n)
Charge =0

4

Mass of separated 9 Mass defect (Am)
particles
Am = (mass of separated particles)
- (mass of tritium atom)

= 3.025155 - 3.016049 u

= mass of 1 proton + mass of 2 neutrons
=1.007825 + 2(1.008665) u

o Binding energy (BE)

BE = Am x 931.49 MeV/u
= 0.009106 x 931.49 MeV

Binding energy

per nucleon

BE per nucleon =~ BE /A
= 8.48/3

=3.025155u | [ =0.009106u | |

~ 8.48 MeV

] [ w2.83 MeV/nucleon ]

y v

@ CHECK YOUR PROGRESS  Whuv is the mass of the nucleus smaller than the sum of its senarate nucleons? | Becausg so,me mass is converted into binding energy

™

Objective 20 - MCQ Practice

j @ 6 questions in 3 levels

M 1. Which equation is used for binding energy? 2.

B. E=Amc*
D. E=qV

A. E=mc
C. E=m?

If Am increases, the binding energy:
A. decreases B. stays zero

C. increases D. becomes negative charge

M 3. Anucleus has a mass defect of 0,002 u. lts binding 4.

energy is closest to:

If the sum of free nucleon masses is 4.032 u and the
nucleus mass is 4.001 u, the mass defect is:

A. 0.002 MeV B. 1.86 MeV A. 0.03Tu B. 0.004u
C. 18.6 MeV D. 1860 MeV C. 8.033u D. 28.0u
m 5. Anucleus has binding energy 28 MeV and mass | 6. Which sequence is correct when solving nuclear

number A = 4. Binding energy per nucleon equals:
A. 7 MeV B. 24 MeV
C. 32 Mev D. 112 Mev

binding problems?

A. count electrons — subtract charge — find Z

B. find Am — use E = Amc? — convert units if needed
C. find wavelength — use hf — subtract Z

D. find momentum — use p = mv — divide by A
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Key Reminders

Challenge MCQ -Part 1 -

Mixed application questions 0

- Nucleons = protons + neutrons
+ Mass number A =Z + N
+ Mass defect Am = ¥ M, u000n — Mouctens

N\ + Binding energy increases with stability
: 56
':;he |s.o:)pe ?26Fe bas 26 preitons, Howsmany niggteons A nucleus has 8 protons and 8 neutrons. If its actual
kel nucleus mass is 15.990 u and the sum of its nucleon
A. 26 B. 30 C. 56 D. 8 masses is 16,131 u, the mass defect is:
X
A. 0.141u
Which nucleus would require more energy to separate
into free nucleons? B. 141u
A. the one with larger binding energy C. 3199 u
B. the one with smaller A only ‘G
C. the one with fewer neutrons D. 0.008 u Mnucleus 2 Maucteans
D. they all require the same energy L )
il
alienge - Far <@
§ P
Final challenge + exit ticket 1.
—— \_s
'd s
Which nucleus is more stable in terms e Eoi 12(:_ which:satia soiact? o A nucleus has Am = 0.010 u.
of binding energy per nucleon? Using 1u = 931.5 MeV,
A. the one with value closer to zero A. Z=14,N=6A=8 its binding energy is:
B. the one with larger magnitude B. Z=6,N=8,A=14 A. 0.093 MeV
binding energy per nucleon C. Ll el o i B. 9.315MeV
C. the one with more electrons C. 9315MeV
) D. Z=6,N=14,A=8
D. the one with smaller Z only D. 931.5 MeV
- "
@ EXIT TICKET
In one sentence, explain why mass defect is evidence of binding energy.
[ d FOCUS QUESTION How do nuclei decay, react, and release energy? J
LEARNING OBJECTIVES
Compare alpha, beta, and gamma decays in terms Alpha (;He) Amount v. Time Graph FISSION (splitting)
of emitted particles, charge, penetration, and a 6 +2 charge 226 Ra — ‘He & 222Rn 1
nuclear transmutation, Least penetration e 2 86

w
B

Explain that electric charge is conserved in a Beta (7e)
nuclear reaction, so the total charge is the same B @ -1 charge v’ Mass number conserved:
on both sides of the equation.

@"*:
e — T - energy
&.

Fraction of nuclet undecayod

nuclear fusion.

(22 .
Medium penetration 226 =4+ 222 E
4
Write a balanced nuclear equation to describe a !
: ; Gamma (y) v Charge conserved: 1
simple nuclear reaction, such as the bombardment 7 SAPSG: Na chisea B 1
of a nucleus by an alpha particle. 9 88 =2+386 o A o 3 4 & FUSION bini
| Highest penetration R SN (combining)
Analyze a graph of the number of undecayed - s 1 @
@ radioactive nuclei versus time, determine the Transmutation Examples . " $ Ry 4
::L;’:ifer'a;n:ni:lai’:‘a:s:': T':O“nt RECACHTY adecay: A— A", Z > Z-2 The total mass number and St ha”_h_fe: 2 remafns T b
9 ple. B decay: A— A, Z - T4 total charge are the same on After 2 half-lives: 5 remains ? ~a
@ Define and describe nuclear fission and ydecay: Ao A ZZ both sides of the equation. After n half-lives: (3" remains
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21 | Compare alpha, beta, and gamma decays in terms of the particles emitted their

electric charge, their penetrating ability, and the resulting nuclear transmutation St textbook 114

@ Objective 21: Compare Alpha, Beta, and Gamma Decay

RADIATION EMITTED ELECTRIC PENETRATING NUCLEAR SHIELDING AND PENETRATION
TYPE PARTICLE CHARGE ABILITY TRANSMUTATION = =

Alpha (o) @ — R

Alpha (a) Helium nucleus Least.
44 penetrating A Al
i) +2 Beta (5) @
F=.7=0
Helium nucleus @ Sitipgiaay
(:He) paper Gamma (y)
Beta minus (7) Electron Medium Paper  Aluminum Lead
i penetrating A—A
o — (e7) -1 o
Electron (e”) - Stopped by Z—oZ+1 E Level 1 MCQ
aluminum
1. Which radiation is a helium nucleus?
Gamma (y) Phaton (y) Most A) Alpha B) Beta C) Gamma D) Neutron
(electromagnetic 0 penetrating A—A
radiation) Requires T 2. Which radiation has the greatest penetrating power?
Photon (y) NNANANNP lead to stop A) Alpha B) Beta C) Gamma D) Positron

3 Durlng atpha decay the atomic number o'F the parent nucleus

KEY NOTES: * Alpha decaycauses A # A-4andZ - Z - 2.
a * Beta-minus decay causes A — A and Z — Z + 1. A) increases by 1 B) decreases by 1
* Gamma decay causes A — A and Z — Z. C) decreases by 2 D) stays the same

22 | Explain that electric charge is conserved in a nuclear reaction, so the total charge is Example problem 2 116
the same on both sides of the nuclear equation Practice problems
273 | Write a balanced nuclear equation to describe a simple nuclear reaction, such as the | Example problem 3 117
bombardment of a nucleus by an alpha particle Practice problems
it gl Y Unit 6 - Module 24: Nuclear and Particle Physics
kel s, 3 Objectives 22 & 23: Charge Conservation

UNITED ARAB EMIRATES

and Balanced Nuclear Equations

Grade 12 Advanced Stream \
@ Charge is Conserved @ Example: Alpha Decay (Worked Example) @ Bombardment Example (Worked Example)

i - 226 222
° Total electm: charge is the seme on Ra - o He + Rn 2 He =l 7 N =¥ 3 H e 8 O
both sides of a nuclear equation.

How to balance nuclear equations:
€) Identify the missing particle (if any).

|

o Mass numbers (A): 226 =4 + 222 ‘
e Balance the mass numbers (A). i
\

9 Atomic numbers (Z): 88 = 2 + 86

° The sum of atomic numbers (Z)
must match on both sides.

o Tiueistiniiat rits nasbere Gh) @) Balance the atomic numbers (Z).

must match on both sides. Both mass number and charge are conserved. | ' Both mass number and charge are conserved.
The equation is balanced. ] The equation is balanced.

\ o e - — i = S E— |

o MCQ Practice =
4. In a balanced nuclear equation, { 5. Inalphadecay, iftheparent | 6, What particle completes | 7. What particle completes |
the sum of the atomic numbers | :as; i%s the daughter ' ZSSU 233Th o ! I;N t ;He .- ]870 + ? ‘
on both sides must be: : as L = ¢ ! ! ‘
A) equal B) zero ! A) 84 B) 86 E A) beta B) alpha ! A) neutron B) proton \
C) doubled D) negative ' C) 87 D) 90 ' C) gamma D) proton C) beta D) gamma ‘

- g
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24 |

Calculate the amount of radioactive nuclei remaining in a sample

Analyze a graph of the number of undecayed radioactive nuclei versus time, and
determine the half-life and the amount of radioactive nuclei present at a certair time t

St. textbook 117-118

119

Practice problems

@ KEY IDEA

Half-life is the time
required for half the
radioactive nuclei in a
sample to decay.

3/4

; 1 172
After 1 half-life, 5 of the

nuclei remain.

V]

Fraction of Nuclei Undecayed

0 After 2 half-lives, — remain. 174

o After 3 half—llves, ~8~ remain. 178

' Half-life formula: §
n

e i 1
remaining = original x (7

where n = number of half-lives

Fraction of Nuclei Undecayed vs Time

After1 half-life,

remain
After 2 half-lives,
‘} remaln

(8 ) workep exanrie

A sample starts at 80 g and
has a half-life of 5 days.

After 10 days, n = 2, so

12
7)

remaining = 80 x (

| 1
________ A Aﬂer3haflwes, =00 oy
I |
| | % remain =20g
““““ i - —
1 1
: | (e NOTE
0 1 2 3 4 5

Time (number of half-lives)

Shorter half-life means faster
decay and higher activity.

&

‘0 MCQ PRACTICE

8. Half-life is the time required for:
A) all nuclei to decay
B) half the nuclei to decay
C) activity to double
D) mass to disappear

i 9. After 3 half-lives, the fraction remaining is:

A) ¥
B) %
o %
D) 15

10. A 40 g sample with a half-life of 2 h
has what mass after 4 h?
A) 5g B) 10g
C) 209 D) 30g

25

Define and describe nuclear fission

and nuclear fusion

St. textbook 119-123

Fusion

A heavy nucleus splits into smaller nuclei, Light nuclei combine to form a heavier nucleus,
releasing energy and neutrons. wipg, releasing energy.
The neutrons can cause more fissions— L i  Chain Reactlon This powers the Sun and stars. © Ty griemsmmaema Y
a chain reaction. o [ Neutrons from one 0 Fusion in the Sun i
(R | fission cause more %H * / i '
/ | fissions to occur. \ a
: i & He !
o— (i +irmi o | @2t |
1L oo - @ ]
o \ \* on £ Ry s E [ |
0 [ xtreme temperature '
233 U :: i \ ENERGY and pressure allow |
gél(r ' L) @ n | nuclei to overcome i
........... 0 ' repulswe forces and fuse.
Feature Fission Fusion
& Process Splitting a heavy nucleus Combining light nuclei Controlling Fission Reactions
I Energy Releases large amounts of energy Releases large amounts of energy Control rods (e.g., cadmium) absorb neutrons
to control the rate of the chain reaction.
[ (,9 Reactions Uses chain reactions Does not use chain reactions

& Conditions Occurs in reactors at lower temperatures

Requires very high temperature
(millions of kelvin)

Reactor

Inserting rods slows or stops the reaction.

e =3
I':_:" MCQ Practice
= 11. Nuclear fission is best described as: {12. The main source of the Sun’s energy is: {13, In a nuclear reactor, control rods are used to:
A) combining two light nuclei ; A) zalpha decay i A) absorb excess neutrons
B) splitting a heavy nucleus : B) beta decay 1 B) produce gamma rays
C) absorbing a photon only i C) fission I C) increase pressure
D) changing a neutron into a proton i D) fusion | D) cool plasma
L.
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14. Beta-minus decay emits a(n): 15. Gamma decay changes: 16. Which quantity is conserved
in every nuclear reaction?
A) Aand Z
A) elef:tmn ) Aan A) density only
B) helium nucleus B) onlyZ -
C) photon C) only the energy state C) color
D) proton D) neutron number only D) volume
17. The top number in nuclear 18. f 25% of a sample remains, L& 19. Which process can create
notation represents: how many half-lives have @-\@ a chain reaction?
7
A) atomic number poasa A) fusion in a balloon
A) 1 g
B) charge B) 2 B) uranium fission
C) mass number 0 3 C) gamma decay
D) energy D) 4 D) electron capture only
( ~
m 20. Which radiation is usually stopped by m 21. In beta-minus decay, the atomic number
paper or skin? of the daughter nucleus:
A) alpha A) decreases by 2
B) beta B) decreases by 1
C) gamma C) increases by 1
L D) X-ray D) stays the same ¥
a 22. Complete: Zgng — 2g§ Bi + ? 23. A sample has a half-life of 6 days. Starting
A) _le with 120 g, how much remains after 12 days?
B) 3He A} 159
i B) 309
E) oh | C) 60g
L )y only ., D) 9g
-
24. Which statement about fusion is correct? m 25. The emitted alpha particle causes the parent
A) It occurs by splitting uranium nucleus to change its mass number by:
B) It joins light nuclei and requires very high temperature A) =1
C) It needs control rods B) -2
D) It produces no energy €) -4
ks ) D) O )
( N | M N
@ A nucleus emits @ Balance: @ A 160 g sample with a @ In ZSESU S0 bn = Why does fusion
alpha then beta-minus. half-life of 2 h will have i i
e 13po | 92p 1 require very high
Net change is: 27A1 + 91 30 p what mass after 6 h? 5608 T 368 + X gl temperature?
13Al +3He = [P + 7 —_—
a B quals: o
&-8-8 e g e e o |
WL T @ @ NV
oh  2h  4h  6h Ee—»ﬁh;( ‘-»f#é—/
_______________________________________________ 160g 80g 40g 20g N e —e A
"""""""""""""""""""""" ~e
A) A-4,7-1 A) (1]11 A) 80g || T A) to create electrons
A) 1 B) toovercome
Ry dimihirs B) }H B) 40g B) 2 electrostatic repulsion
C) Asame Z+1 0 between nuclei
) 9] -1¢ C) 209 Q3 C) to reduce mass number
D) A-1,Z-1 D) ‘Z’He D) 10g D) 4 D) to absorb gamma
\_ ) il p ) radiation 2

END OF TERM 03 REVISION 2025-2026 — PHYSICS- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING
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