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15. Modern Physics Starter Quiz - FEH{/MI

AP Physics 2 Name: Score:

1. The energy of a single photon is given by:

0O E =mc?
O E=hf
O F = ima?
0 E=1V

2. In the Bohr model, an electron can have:
[J any energy at all
O only certain fixed energy levels
[ zero energy always

[J negative frequency

3. An emission spectrum shows:
[J dark lines on a rainbow
[J bright lines on a black background
[ a smooth rainbow only

L] nothing

4. As a blackbody gets hotter, its peak wavelength:
O gets longer (redder)
O gets shorter (bluer)
(] stays the same

[ disappears

5. Below the threshold frequency, increasing the brightness of the light:
L] ejects many electrons
[] ejects no electrons at all
(] ejects faster electrons

O melts the metal

6. A photon is only absorbed if its energy exactly matches the gap between two levels.

O True O False

AP Physics 2 - Starter quiz g/l @ @



10.

For a given element, its absorption lines fall at the same frequencies as its emission lines.

O True O False

. A hotter blackbody emits more intensity at every wavelength than a cooler one.

O True O False

. Above the threshold, higher-frequency light ejects electrons with more kinetic energy.

O True [ False

Nuclear fusion powers the and the stars.

AP Physics 2 - Starter quiz g/l @ @



15. Modern Physics Answers

AP Physics 2

1.

10.

E = hf

E = hf — Planck’s constant times the frequency.

. only certain fixed energy levels

Energy levels are quantised — only certain fixed values are allowed.

bright lines on a black background

Electrons dropping down emit photons, giving bright lines on black.

gets shorter (bluer)

A hotter body peaks at a shorter wavelength — the glow shifts toward blue.

ejects no electrons at all

Below threshold, each photon is too weak — brightness cannot free any electrons.

True

Only photons matching a level gap can be absorbed or emitted.

True

Both come from the same energy-level gaps, so they share the same frequencies.

True

The hotter curve is taller at all wavelengths.

True

hf = ¢ + KEpax: more photon energy leaves more kinetic energy.

Sun

The Sun fuses hydrogen into helium, releasing its energy.

AP Physics 2 - Starter quiz i4-Hi/Mll @ @
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AP PHYSICS 2 « EXERCISE SHEET

15.1 Quantum Theory and Wave-Particle
Duality

Name: - Class: - Date: Total: 10 marks

KEY WORDS photon 71 « de broglie wavelength {1}; 27 =i | o wave-particle duality 77 — Z

o quanta & |

Objective

Build the skills to answer exam questions on quantum theory and wave-particle
duality.

You must be able to:

o describe a photon Y as a quantum of light with energy E = hf
o explain wave-particle duality JZf7 — %M light and matter show both behaviours
« relate a particle’s momentum to its de Broglie wavelength 2755 2K X\ = h/p

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B The photon

Light is delivered in quanta called photons, each with energy E = hf, where h =
6.63 x 10734 J s.

B Wave-particle duality

Light and matter each show wave behaviour (interference, diffraction) and particle
behaviour (photons, collisions), depending on the experiment.

B De Broglie wavelength

Every particle has a wavelength A = —.
p

2 Practice

2.1 Find the energy of a photon of frequency 6.0 x 10'* Hz (h = 6.63 x 10734). 2]

AP Physics 2 ¢ 15.1 Quantum Theory and Wav cle Duality @
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2.2 State the equation for the de Broglie wavelength.

2.3 State what “wave-particle duality” means.

3 Exam-style questions
3.1 The energy of a photon is

e ANf
Bh/f
C hp

D %mv

2

3.2 The de Broglie wavelength of a particle is

e« A hp
« Bh/p
« Cp/h
« Dif

3.3 A photon has a wavelength of 500 nm (¢ = 3.0 x 10%, h = 6.63 x 1073%).

(a) Find its frequency.
(b) Find its energy.

AP Physics 2 ¢ 15.1 Quantum Theory and Wav

@

cle Duality



Solutions

2.1 E = hf = (6.63 x 10734)(6.0 x 10™) = 4.0 x 10712 J.

22 )\ = ﬁ
p
2.3 that light and matter each behave both as waves and as particles.
3.1 A.
3.2 B.
c 3.0 x 108

. =—=_—"""—""-=60x10"Hz (b) E=hf = (6. 10734)(6.0 x 101) =
3.3(a) f Y = 500 x 10-9 6.0 x 10'* Hz. (b) f=1(6.63 x107%%)(6.0 x 10'%)
4.0 x 10719 J.

AP Physics 2 ¢ 15.1 Quantum Theory and Wav cle Duality @



Name: ( ) AP Physics 2: 2026

Question 2: Version J

2. Figure 1 represents the energy levels and their corresponding states for a hypothetical atom.

Figure 1
Energy State

Part A

On Figure 1, draw arrows to represent all possible atomic transitions that could result in the
emission of a photon.

Part B

Derive an expression for the wavelength of the highest-energy photon that can be emitted from
the atom. Express your answer in terms of E, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference
information.

The following information applies to parts C and D.
A device can emit monochromatic electromagnetic radiation. The wavelength A of the radiation
can be varied over a continuous range of wavelengths.

Part C

On Figure 2, sketch the energy E of emitted photons from the device as a function of A for
Ay < A < 4A,. Photons with wavelength A, have energy 4E,. Sketches made in the shaded
region will not be scored.



Name: ( ) AP Physics 2: 2026

Figure 2
E

T
o

ABg fesed -k
| | |

| | |

| | |

e e e |

| | |

| | |

| | |

| | |

| | |

i Il R

| | |

o

0 } } ] :A

PartD

A student claims that, based on the energy states shown in Figure 1, the atom can emit a photon
of wavelength A, and energy 4E, like the device described in part C.

Indicate whether the claim is correct or incorrect. Briefly justify your answer by referencing
the representation in part A.



Name: (

AP Physics 2: 2024

Begin your response to QUESTION 1 on this page.

PHYSICS 2
SECTION II

Time—1 hour and 30 minutes

4 Questions

Directions: Questions 1 and 4 are short free-response questions that require about 20 minutes each to answer and are
worth 10 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

1. (10 points, suggested time 20 minutes)

In each trial of a photoelectric experiment, a scientist uses a device to shine light of a single frequency on two

different metals, 1 and 2. The device can emit light with frequency f,, fg, or f.. Each frequency of light is used

to test both metals.

The scientist determines the minimum de Broglie wavelength A, of the electrons ejected from the metal in each

trial of the experiment. The following table summarizes the results of the experiment. For each trial, the scientist

analyzes only the electrons with the minimum de Broglie wavelength.

Trial Frequency of Light Metal Tested Ae (X107 10 m)
1 N Metal 1 6.9
2 N Metal 2 94
3 /s Metal 1 No electrons ejected
4 fB Metal 2 No electrons ejected
5 Je Metal 1 5.3
6 Je Metal 2 6.3

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2024

Continue your response to QUESTION 1 on this page.

(a) In a coherent, paragraph-length response, indicate which frequency, f,, fg, or f., is greatest and which

frequency is least. Justify your answer using physics principles.

(b) Calculate the maximum kinetic energy of the electrons ejected from Metal 1 in Trial 1. Assume that the
momentum p of an ejected electron can be described by the classical definition p = mv.

(c) Indicate whether the work function of Metal 1 is greater than, less than, or equal to the work function of
Metal 2. Justify your answer by referring to the table of results.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2022

MY VM IUCU U YIIU Y LY e e Em R iR W

RO e A

Electron

Note: Figure not drawn to scale.

. (12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius r about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force

between them.

(a) Derive an equation for the speed v of the electron in terms of r and physical constants, as appropriate.

(b) Derive an equation for the total energy of the atom in terms of r and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2022

Continue your response to QUESTION 3 on this page.

(c) When the hydrogen atom absorbs a photon, the electron moves to an orbit with a larger radius and the total
energy of the atom increases. Is your equation for the energy derived in part (b) consistent with this description
of the model of a hydrogen atom absorbing a photon? Explain why the equation is or is not consistent.

(d) Experiments show that a hydrogen atom can absorb a photon of frequency 3.2 X 10" Hz.

1. Calculate the energy of a photon with this frequency.

ii. A student claims that when a hydrogen atom absorbs a photon at this frequency, the energy could be
converted into mass, adding an electron to the atom. Calculate the amount of energy needed to create a
particle with the mass of an electron and determine whether or not there is sufficient energy gained by the
atom to add another electron.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2022
Continue your response to QUESTION 3 on this page.

Before Photon After Photon
Absorbed Absorbed
V U K A Ug K
K i

UE .

v

iii. The left bar chart in the figure above is complete and represents the initial electric potential energy Ug ; of the
atom and the initial kinetic energy K; of the electron before the photon is absorbed. In the space provided on the
right, draw a bar chart to represent a possible final electric potential energy of the atom and final kinetic energy of
the electron.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2021

YT VM T VUMWY LY AW R I I IY 1 VI UV My

4. (10 points, suggested time 20 minutes)

Light and matter can be modeled as waves or as particles. Some phenomena can be explained using the wave
model, and others can be explained using the particle model.

(a) Calculate the speed, in m/s, of an electron that has a wavelength of 5.0 nm.

(b) The electron is moving with the speed calculated in part (a) when it collides with a positron that is at rest. A
positron is a particle identical to an electron except that its charge is positive. The two particles annihilate each
other, producing photons. Calculate the total energy of the photons.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.



Name: ( ) AP Physics 2: 2021

wUILILLIUCT yUUI IUOPUI 10T IV WWVELEDITIWVINY = UII LI1D PGHU
Photon Electron Electron
’\/\/\/—> o (]
Before Collision After Collision

(Photon not shown)

(c) A photon approaches an electron at rest, as shown above on the left, and collides elastically with the
electron. After the collision, the electron moves toward the top of the page and to the right, as shown above on
the right, at a known speed and angle. In a coherent, paragraph-length response, indicate a possible direction
for the photon that exists after the collision and its frequency compared to that of the original photon. Describe
the application of physics principles that can be used to determine the direction of motion and frequency of the
photon that exists after the collision.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.
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STOP

END OF EXAM




AP PHYSICS 2 « EXERCISE SHEET

15.2 The Bohr Model of Atomic Struc-
ture

Name: - Class: . Date: Total: 9 marks

KEY WORDS ecnergy levels i, « bohr model 3% /K157 o photons YT

Objective
Build the skills to answer exam questions on the Bohr model of atomic structure.

You must be able to:

o describe the Bohr model 3§ /K4 %! with electrons in discrete, quantized energy
levels fEZ;

o explain that an electron absorbs or emits a photon when it changes level

« relate the photon energy to the difference between levels, £ = hf = E; — Ef

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B The Bohr model

Electrons occupy only certain discrete energy levels — their energy is quantized,
not continuous.

B Photons and level changes

An electron absorbs a photon to jump up a level and emits a photon when it drops
down.

B Photon energy

E = hf = E; — Ey — the photon carries exactly the energy difference between the
two levels.

AP Physics 2 ¢ 15.2 The Bohr Model of Atomic ure @



2 Practice

2.1 State what is meant by quantized energy levels. 1]

2.2 State what happens when an electron drops to a lower energy level. 1]

2.3 An electron falls from a level at —1.5 €V to one at —3.4 ¢V. Find the energy of the
emitted photon. 2]

3 Exam-style questions
3.1 In the Bohr model, the electron energy levels are 1]

e A continuous
o B quantized
e C all zero

e D infinite

3.2 An electron emits a photon when it 1]

A stays in a level
e B moves to a higher level
C moves to a lower level

D leaves the atom

3.3 An electron drops from a level at —0.85 eV to one at —3.4 V.

(a) Find the energy of the photon, in eV. 2]

AP Physics 2 ¢ 15.2 The Bohr Model of Atomic ure @



(b) State whether the photon is absorbed or emitted.

AP Physics 2 ¢ 15.2 The Bohr Model of Atomic ure

@)



Solutions

2.1 the electron can only have certain allowed energy values, not any value in between.
2.2 it emits a photon carrying the energy difference.
23FE=E,—E;=(-15)—(-34)=19¢V.

3.1 B.

3.2 C.

3.3 (a) E=(—0.85)—(—3.4) = 2.55 eV. (b) emitted (the electron drops to a lower level).

AP Physics 2 ¢ 15.2 The Bohr Model of Atomic ure @
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Name: ( ) AP Physics 2: 2026

Question 2: Version J

2. Figure 1 represents the energy levels and their corresponding states for a hypothetical atom.

Figure 1
Energy State

Part A

On Figure 1, draw arrows to represent all possible atomic transitions that could result in the
emission of a photon.

Part B

Derive an expression for the wavelength of the highest-energy photon that can be emitted from
the atom. Express your answer in terms of E, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference
information.

The following information applies to parts C and D.
A device can emit monochromatic electromagnetic radiation. The wavelength A of the radiation
can be varied over a continuous range of wavelengths.

Part C

On Figure 2, sketch the energy E of emitted photons from the device as a function of A for
Ay < A < 4A,. Photons with wavelength A, have energy 4E,. Sketches made in the shaded
region will not be scored.
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PartD

A student claims that, based on the energy states shown in Figure 1, the atom can emit a photon
of wavelength A, and energy 4E, like the device described in part C.

Indicate whether the claim is correct or incorrect. Briefly justify your answer by referencing
the representation in part A.



Name: ( ) AP Physics 2: 2022
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Electron

Note: Figure not drawn to scale.

. (12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius r about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force

between them.

(a) Derive an equation for the speed v of the electron in terms of r and physical constants, as appropriate.

(b) Derive an equation for the total energy of the atom in terms of r and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2022

Continue your response to QUESTION 3 on this page.

(c) When the hydrogen atom absorbs a photon, the electron moves to an orbit with a larger radius and the total
energy of the atom increases. Is your equation for the energy derived in part (b) consistent with this description
of the model of a hydrogen atom absorbing a photon? Explain why the equation is or is not consistent.

(d) Experiments show that a hydrogen atom can absorb a photon of frequency 3.2 X 10" Hz.

1. Calculate the energy of a photon with this frequency.

ii. A student claims that when a hydrogen atom absorbs a photon at this frequency, the energy could be
converted into mass, adding an electron to the atom. Calculate the amount of energy needed to create a
particle with the mass of an electron and determine whether or not there is sufficient energy gained by the
atom to add another electron.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2022
Continue your response to QUESTION 3 on this page.

Before Photon After Photon
Absorbed Absorbed
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iii. The left bar chart in the figure above is complete and represents the initial electric potential energy Ug ; of the
atom and the initial kinetic energy K; of the electron before the photon is absorbed. In the space provided on the
right, draw a bar chart to represent a possible final electric potential energy of the atom and final kinetic energy of
the electron.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2016

2. (12 points, suggested time 25 minutes)

A student is given a glass block that has been specially treated so that the path of light can be seen as the light
travels through the glass. The student is asked to design an experiment to measure the index of refraction of the
glass. The light source available in the laboratory is a hydrogen lamp that emits red light of a known wavelength.

(a) A linear graph is to be used to determine the index of refraction of the glass. Indicate the quantities that
should be graphed and describe how the graph could be used to determine the index of refraction of the
glass.

(b) Outline an experimental procedure that could gather the necessary data. Include sufficient detail so that
another student could follow your procedure. In addition to the glass block and the hydrogen lamp, the
equipment in a typical classroom laboratory is available.

(c) Predict how the path of the light will change as it enters the glass. Support your prediction using a
qualitative comparison of the speed of light in glass and the speed of light in air.

(d) Describe the process(es) by which red light from the lamp is produced by hydrogen atoms that are initially
in the ground state. Draw and label an energy level diagram that supports the atomic process(es) you
describe.



AP PHYSICS 2 « EXERCISE SHEET

15.3 Emission and Absorption Spec-
tra

Name: ~ Class: . Date: Total: 10 marks

KEY WORDS emission %4} « absorption zIJf « absorption spectrum Wz )i « emission spectrum % 5f50i%

o energy levels fEZ

Objective
Build the skills to answer exam questions on emission and absorption spectra.

You must be able to:

 explain how discrete energy levels produce line emission % 5} and absorption Wi
spectra

« relate each spectral line to a specific electron transition
 describe how spectra identify the elements in a gas or a star

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B Line spectra

Because energy levels are discrete, an atom emits or absorbs only certain photon
energies — giving sharp lines, not a continuous band.

B Emission vs absorption

o Emission — bright lines from photons released as electrons drop down.
o Absorption — dark lines where photons are absorbed to lift electrons up.

B A fingerprint

Each element has a unique set of lines, so spectra identify the elements in a gas or
star.

2 Practice

2.1 Explain why atoms produce line spectra rather than continuous ones. 2]

AP Physics 2 ¢ 15.3 Emission and Absorption ¢ @



2.2 State the difference between an emission and an absorption spectrum.

2.3 State how a spectrum can identify an element.

3 Exam-style questions
3.1 Line spectra are evidence that atomic energy levels are

e A continuous
« B quantized
e C all zero

e D random

3.2 A spectrum of dark lines on a bright background is produced by

e A emission
o B absorption
e C reflection
« D diffraction

3.3 The light from a star shows dark lines that match those of hydrogen.
(a) Name this type of spectrum.
(b) State what it tells us about the star.

AP Physics 2 ¢ 15.3 Emission and Absorption ¢



Solutions

2.1 the energy levels are discrete, so only certain photon energies (and wavelengths) can
be emitted or absorbed.

2.2 an emission spectrum is bright lines from emitted photons; an absorption spectrum
is dark lines where photons are absorbed.

2.3 each element has a unique pattern of lines.
3.1 B.
3.2 B.

3.3 (a) an absorption spectrum. (b) hydrogen is present in the star’s outer layers, ab-
sorbing those wavelengths.

AP Physics 2 ¢ 15.3 Emission and Absorption ¢ @
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Name: ( ) AP Physics 2: 2026

Question 2: Version J

2. Figure 1 represents the energy levels and their corresponding states for a hypothetical atom.

Figure 1
Energy State

Part A

On Figure 1, draw arrows to represent all possible atomic transitions that could result in the
emission of a photon.

Part B

Derive an expression for the wavelength of the highest-energy photon that can be emitted from
the atom. Express your answer in terms of E, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference
information.

The following information applies to parts C and D.
A device can emit monochromatic electromagnetic radiation. The wavelength A of the radiation
can be varied over a continuous range of wavelengths.

Part C

On Figure 2, sketch the energy E of emitted photons from the device as a function of A for
Ay < A < 4A,. Photons with wavelength A, have energy 4E,. Sketches made in the shaded
region will not be scored.
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PartD

A student claims that, based on the energy states shown in Figure 1, the atom can emit a photon
of wavelength A, and energy 4E, like the device described in part C.

Indicate whether the claim is correct or incorrect. Briefly justify your answer by referencing
the representation in part A.
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MY VM IUCU U YIIU Y LY e e Em R iR W

RO e A

Electron

Note: Figure not drawn to scale.

. (12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius r about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force

between them.

(a) Derive an equation for the speed v of the electron in terms of r and physical constants, as appropriate.

(b) Derive an equation for the total energy of the atom in terms of r and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2022

Continue your response to QUESTION 3 on this page.

(c) When the hydrogen atom absorbs a photon, the electron moves to an orbit with a larger radius and the total
energy of the atom increases. Is your equation for the energy derived in part (b) consistent with this description
of the model of a hydrogen atom absorbing a photon? Explain why the equation is or is not consistent.

(d) Experiments show that a hydrogen atom can absorb a photon of frequency 3.2 X 10" Hz.

1. Calculate the energy of a photon with this frequency.

ii. A student claims that when a hydrogen atom absorbs a photon at this frequency, the energy could be
converted into mass, adding an electron to the atom. Calculate the amount of energy needed to create a
particle with the mass of an electron and determine whether or not there is sufficient energy gained by the
atom to add another electron.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

Before Photon After Photon
Absorbed Absorbed
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iii. The left bar chart in the figure above is complete and represents the initial electric potential energy Ug ; of the
atom and the initial kinetic energy K; of the electron before the photon is absorbed. In the space provided on the
right, draw a bar chart to represent a possible final electric potential energy of the atom and final kinetic energy of
the electron.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics 2: 2016

2. (12 points, suggested time 25 minutes)

A student is given a glass block that has been specially treated so that the path of light can be seen as the light
travels through the glass. The student is asked to design an experiment to measure the index of refraction of the
glass. The light source available in the laboratory is a hydrogen lamp that emits red light of a known wavelength.

(a) A linear graph is to be used to determine the index of refraction of the glass. Indicate the quantities that
should be graphed and describe how the graph could be used to determine the index of refraction of the
glass.

(b) Outline an experimental procedure that could gather the necessary data. Include sufficient detail so that
another student could follow your procedure. In addition to the glass block and the hydrogen lamp, the
equipment in a typical classroom laboratory is available.

(c) Predict how the path of the light will change as it enters the glass. Support your prediction using a
qualitative comparison of the speed of light in glass and the speed of light in air.

(d) Describe the process(es) by which red light from the lamp is produced by hydrogen atoms that are initially
in the ground state. Draw and label an energy level diagram that supports the atomic process(es) you
describe.



AP PHYSICS 2 « EXERCISE SHEET

15.4 Blackbody Radiation

Name: - Class: - Date: Total: 8 marks

KEY WORDS blackbody M4 « wien’s law ZEE5EfHE o energy quantization fEf it 14k o quanta 5i |-

Objective
Build the skills to answer exam questions on blackbody radiation.

You must be able to:

o describe the continuous spectrum emitted by a hot blackbody {4k
o state that the peak wavelength shifts shorter as temperature rises (Wien’s law &
Ve 37
SE )
 explain how blackbody radiation motivated the idea of energy quantization fEiE

R

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B A blackbody

A hot object emits a continuous spectrum of all wavelengths, with a peak that
depends on temperature.

B Wien’s law

The peak wavelength gets shorter as the temperature rises — so a hotter object
glows from red toward blue-white.

® Why it mattered

Classical physics could not explain the blackbody curve; Planck fixed it by proposing
that energy comes in quanta — the start of quantum theory.

AP Physics 2 ¢ 15.4 Blackbody Radiation @



2 Practice

2.1 State what happens to the peak wavelength of a blackbody as it gets hotter.

2.2 State the type of spectrum emitted by a hot solid.

2.3 State why blackbody radiation was historically important.

3 Exam-style questions
3.1 As a blackbody gets hotter, its peak wavelength

e A increases

B decreases

C stays the same

D disappears

3.2 A hotter star appears more

e A red

« B blue

e C green

e D infrared

3.3 Star A glows red and star B glows blue-white.
(a) State which star is hotter.

(b) Explain your answer using the idea of peak wavelength.

AP Physics 2 ¢ 15.4 Blackbody Radiation

1]



Solutions

2.1 it gets shorter.

2.2 a continuous spectrum.

2.3 it could not be explained by classical physics and led to the idea of energy quanta.
3.1 B.

3.2 B.

3.3 (a) star B (blue-white). (b) a shorter peak wavelength (bluer) means a higher tem-
perature, by Wien’s law.

AP Physics 2 ¢ 15.4 Blackbody Radiation @



AP PHYSICS 2 « EXERCISE SHEET

15.5 The Photoelectric Effect

Name: -~ Class: . Date: Total: 10 marks

KEY WORDS work function Zfjp{%% « photoelectric effect JFE%LY o threshold frequency #§ 1[4 %
« photons 71

Objective

Build the skills to answer exam questions on the photoelectric effect.

You must be able to:

o describe the photoelectric effect J:HL R W : light ejecting electrons from a metal

« apply the photoelectric equation £ = hf = ¢ + KE,,,, with the work function Jj
BRI ¢

o explain why a threshold frequency # [F47i% exists

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B The photoelectric effect

Light shining on a metal can eject electrons, but only if each photon carries enough
energy.

B The photoelectric equation

hf = ¢ + KEy4., where ¢ (the work function) is the minimum energy to free an
electron, and K FE,,,, is the most kinetic energy an ejected electron can have.

B Threshold frequency

Below a threshold frequency fy (where hfy = ¢), no electrons are emitted, however
bright the light — direct evidence that light is quantized.

AP Physics 2 ¢ 15.5 The Photoelectric Effect @



2 Practice

2.1 State what the photoelectric effect is.

2.2 Define the work function of a metal.

2.3 A metal has a work function of 2.0 eV. A photon of 5.0 eV strikes it.

maximum kinetic energy of the ejected electron.

3 Exam-style questions
3.1 The photoelectric equation is
e Ahf=0¢+ KE 0

e B E=mc
-CE:%mv2
e« DAX=nh/p

3.2 Below the threshold frequency, the number of electrons emitted is

e A at its maximum
e B zero
¢ C half the usual

o D steadily increasing

3.3 Light of photon energy 4.0 eV strikes a metal of work function 2.5 eV.

(a) Find the maximum kinetic energy of an ejected electron.

AP Physics 2 ¢ 15.5 The Photoelectric Effect
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(b) Explain why even very dim light of this frequency still ejects electrons.

AP Physics 2 ¢ 15.5 The Photoelectric Effect



Solutions

2.1 light ejecting electrons from the surface of a metal.

2.2 the minimum energy needed to free an electron from the metal.
23 KB =hf—¢=50—-2.0=3.0¢€V.

3.1 A.

3.2 B.

3.3 (a) KB = 4.0—2.5 = 1.5¢V. (b) each photon has enough energy on its own to
free an electron, so even a few photons (dim light) eject some — brightness only changes
how many.

AP Physics 2 ¢ 15.5 The Photoelectric Effect @
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AP Physics 2: 2024

Begin your response to QUESTION 1 on this page.

PHYSICS 2
SECTION II

Time—1 hour and 30 minutes

4 Questions

Directions: Questions 1 and 4 are short free-response questions that require about 20 minutes each to answer and are
worth 10 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

1. (10 points, suggested time 20 minutes)

In each trial of a photoelectric experiment, a scientist uses a device to shine light of a single frequency on two

different metals, 1 and 2. The device can emit light with frequency f,, fg, or f.. Each frequency of light is used

to test both metals.

The scientist determines the minimum de Broglie wavelength A, of the electrons ejected from the metal in each

trial of the experiment. The following table summarizes the results of the experiment. For each trial, the scientist

analyzes only the electrons with the minimum de Broglie wavelength.

Trial Frequency of Light Metal Tested Ae (X107 10 m)
1 N Metal 1 6.9
2 N Metal 2 94
3 /s Metal 1 No electrons ejected
4 fB Metal 2 No electrons ejected
5 Je Metal 1 5.3
6 Je Metal 2 6.3

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(a) In a coherent, paragraph-length response, indicate which frequency, f,, fg, or f., is greatest and which

frequency is least. Justify your answer using physics principles.

(b) Calculate the maximum kinetic energy of the electrons ejected from Metal 1 in Trial 1. Assume that the
momentum p of an ejected electron can be described by the classical definition p = mv.

(c) Indicate whether the work function of Metal 1 is greater than, less than, or equal to the work function of
Metal 2. Justify your answer by referring to the table of results.

GO ON TO THE NEXT PAGE.
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Light

f
o 7
\\\ © Electrons

Metal

3. (12 points, suggested time 25 minutes)
Monochromatic light of frequency f shines on a metal, as shown above. The frequency of the light is varied, and
for some frequencies electrons are emitted from the metal. The maximum kinetic energy K, of the emitted
electrons is measured as a function of the frequency of the light.

(a)
i. Based on conservation of energy, the relationship between K, and fis predicted to be Af = B + K,
when f > f; and K, = 0 when f < f,, where Aand B are positive constants. A graph of this
relationship is shown below. Indicate which aspects of the graph correspond to A and B. Also, explain

the physical meaning of A, B, and f,.
K

e
A

o =f
(0] %

ii. Explain the physical meaning of the horizontal section of the graph between the origin and f, .

iii. A second metal with different properties than the first metal is now used. On the figure below, the
dashed lines are the same lines shown in the previous graph. Sketch lines on the figure below that
could represent the data for the second metal. Explain one difference between the two graphs.

K

e
\ ’
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(b) The figure below shows an electroscope. A sphere is connected by a vertical bar to the leaves, which are
thin, light strips of material. The sphere, leaves, and bar are all made of metal. The electroscope initially has
a negative charge, so the leaves are separated.

Light

&\\\ Sphere

5

Leaves
~—]

i. Ultraviolet (UV) light shines on the sphere, causing the leaves of the electroscope to move closer
together. Explain why this happens.

ii. Green light then shines on an identical negatively charged electroscope. No movement of the leaves is
observed. Explain why the green light does not make the leaves move, while the UV light does.

(c) The brightness of the green light is increased until the intensity (power per unit area) is the same as that of
the UV light. What aspect of the green light changes when its brightness is increased? Would shining the
brighter green light on the electroscope result in movement of the leaves? Explain why or why not.
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15.6 Compton Scattering

Name: —~ Class: . Date: - Total: 9 marks

KEY WORDS compton scattering FE i 55} o momentum zfj&

Objective
Build the skills to answer exam questions on Compton scattering.

You must be able to:

 describe Compton scattering FEE1HE}] as a photon colliding with an electron
« explain that the scattered photon has a longer wavelength (lower energy)
« state that Compton scattering conserves both energy and momentum zfj &

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B Compton scattering

A photon collides with an electron much like two particles — clear evidence of the
particle nature of light.

B Wavelength shift

The photon gives some energy to the electron, so the scattered photon has less
energy and therefore a longer wavelength.

B Conservation

Both energy and momentum are conserved in the collision.

AP Physics 2 ¢ 15.6 Compton Scattering @



2 Practice

2.1 State what Compton scattering involves.

2.2 State what happens to the photon’s wavelength after scattering.

2.3 State the two quantities conserved in Compton scattering.

3 Exam-style questions
3.1 In Compton scattering, the scattered photon has a

o A shorter wavelength
e B longer wavelength
o C higher frequency

e D unchanged energy

3.2 Compton scattering treats light as a

A wave

B particle
C field
D fluid

3.3 A photon scatters off a stationary electron.
(a) State what happens to the photon’s energy.

(b) Explain your answer using conservation of energy.

AP Physics 2 ¢ 15.6 Compton Scattering



Solutions

2.1 a photon colliding with an electron.

2.2 it increases (the wavelength gets longer).
2.3 energy and momentum.

3.1 B.

3.2 B.

3.3 (a) it decreases. (b) the photon transfers some energy to the electron; by conservation
of energy the photon is left with less, so its frequency falls and wavelength grows.

AP Physics 2 ¢ 15.6 Compton Scattering @
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4. (10 points, suggested time 20 minutes)

Light and matter can be modeled as waves or as particles. Some phenomena can be explained using the wave
model, and others can be explained using the particle model.

(a) Calculate the speed, in m/s, of an electron that has a wavelength of 5.0 nm.

(b) The electron is moving with the speed calculated in part (a) when it collides with a positron that is at rest. A
positron is a particle identical to an electron except that its charge is positive. The two particles annihilate each
other, producing photons. Calculate the total energy of the photons.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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Photon Electron Electron
’\/\/\/—> o (]
Before Collision After Collision

(Photon not shown)

(c) A photon approaches an electron at rest, as shown above on the left, and collides elastically with the
electron. After the collision, the electron moves toward the top of the page and to the right, as shown above on
the right, at a known speed and angle. In a coherent, paragraph-length response, indicate a possible direction
for the photon that exists after the collision and its frequency compared to that of the original photon. Describe
the application of physics principles that can be used to determine the direction of motion and frequency of the
photon that exists after the collision.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.
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STOP

END OF EXAM
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15.7 Fission, Fusion, and Nuclear De-
cay

Name: - Class: - Date: Total: 10 marks

KEY WORDS mass Jii i o fission 2475 o fusion 2875 o half-life 225 1] « radioactive decay Jir 54 748

Objective
Build the skills to answer exam questions on fission, fusion, and nuclear decay.

You must be able to:

o distinguish nuclear fission 2475 (splitting) from fusion 374 (joining)
o relate the energy released to a change in mass [fitg, F = mc?

o describe radioactive decay i1 E4r as a random process with a half-life 224
1

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B Fission and fusion
o Fission — a heavy nucleus splits into lighter ones.

o Fusion — light nuclei join into a heavier one (as in the Sun).

Both release energy from a loss of mass.

B Mass-energy

E = mc?: a tiny mass change gives a huge energy, because ¢? is enormous.

B Decay and half-life

Radioactive decay is random — you cannot predict when a given nucleus decays.
The half-life is the time for half the nuclei to decay.

AP Physics 2 ¢ 15.7 Fission, Fusion, and Nucle: Ly @
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2 Practice

2.1 State the difference between nuclear fission and fusion. 2]

2.2 State what the half-life of a radioactive substance means. 1]

2.3 A mass of 2.0 x 1073 kg is converted entirely to energy (¢ = 3.0 x 10®). Find the
energy released. [2]

3 Exam-style questions
3.1 Joining two light nuclei into a heavier one is called 1]

e A fission
e B fusion
o C decay
e D ionization

3.2 The energy released in a nuclear reaction comes from a change in 1]

o A charge

e B mass

e C volume

e D temperature

3.3 A radioactive sample has a half-life of 8 days, starting with 80 g.

(a) Find the mass remaining after 16 days. 2]

AP Physics 2 ¢ 15.7 Fission, Fusion, and Nucle: Ly @



(b) Explain why radioactive decay is described as random.
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Solutions

2.1 fission is the splitting of a heavy nucleus; fusion is the joining of light nuclei.
2.2 the time taken for half of the radioactive nuclei to decay.

2.3 E=mc*= (2.0 x 1073)(3.0 x 10%)? = 1.8 x 10* J.

3.1 B.

3.2 B.

3.3 (a) after two half-lives: 80 — 40 — 20 g. (b) you cannot predict which nucleus will
decay or when — only the probability.

AP Physics 2 ¢ 15.7 Fission, Fusion, and Nucle: Ly @
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Note: Figure not drawn to scale.

. (12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius r about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force

between them.

(a) Derive an equation for the speed v of the electron in terms of r and physical constants, as appropriate.

(b) Derive an equation for the total energy of the atom in terms of r and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

(c) When the hydrogen atom absorbs a photon, the electron moves to an orbit with a larger radius and the total
energy of the atom increases. Is your equation for the energy derived in part (b) consistent with this description
of the model of a hydrogen atom absorbing a photon? Explain why the equation is or is not consistent.

(d) Experiments show that a hydrogen atom can absorb a photon of frequency 3.2 X 10" Hz.

1. Calculate the energy of a photon with this frequency.

ii. A student claims that when a hydrogen atom absorbs a photon at this frequency, the energy could be
converted into mass, adding an electron to the atom. Calculate the amount of energy needed to create a
particle with the mass of an electron and determine whether or not there is sufficient energy gained by the
atom to add another electron.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

Before Photon After Photon
Absorbed Absorbed
V U K A Ug K
K i

UE .

v

iii. The left bar chart in the figure above is complete and represents the initial electric potential energy Ug ; of the
atom and the initial kinetic energy K; of the electron before the photon is absorbed. In the space provided on the
right, draw a bar chart to represent a possible final electric potential energy of the atom and final kinetic energy of
the electron.

GO ON TO THE NEXT PAGE.
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15.8 Types of Radioactive Decay

Name: -~ Class: . Date: Total: 10 marks

KEY WORDS alpha[if /57 o gamma {2} « beta DI#% o alpha decay [if /R¥E5E4F o gamma decay {ffl 2 577

Objective

Build the skills to answer exam questions on types of radioactive decay.

You must be able to:

o describe alpha [ /Ry%, beta U1, and gamma {flZ decay and what each emits

« write balanced nuclear equations that conserve nucleon number and charge
« compare the penetrating power of the three types

1 Worked examples

Study these first. Each one shows the method for a question type used later.

B The three decays
« Alpha — emits a helium nucleus (3He).
o Beta — emits a fast electron.

« Gamma — emits a high-energy photon (electromagnetic wave).

B Balanced nuclear equations

Both the nucleon number (top) and the charge (bottom) must balance on each
side.

B Penetrating power

Alpha is the least penetrating (stopped by paper); beta is stopped by aluminium;
gamma is the most penetrating (needs thick lead).

AP Physics 2 ¢ 15.8 Types of Radioactive Deca; @



2 Practice

2.1 State what is emitted in alpha, beta, and gamma decay.

2.2 State which type of radiation is the most penetrating.

2.3 In alpha decay, state how the mass number and the atomic number change.

3 Exam-style questions
3.1 An alpha particle is a

e A helium nucleus

« B fast-moving electron
e C high-energy photon
o D single proton

3.2 The most penetrating type of radiation is

e A alpha

« B beta

e C gamma

o D all equally penetrating

3.3 A nucleus 23°U emits an alpha particle.

(a) State the mass number of the new nucleus.

(b) State its atomic number.

AP Physics 2 ¢ 15.8 Types of Radioactive Deca;



(c¢) Name the two quantities that must be conserved in the equation.
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Solutions

2.1 alpha: a helium nucleus; beta: a fast electron; gamma: a high-energy photon.
2.2 gamma.

2.3 the mass number decreases by 4 and the atomic number decreases by 2.

3.1 A.

3.2 C.

3.3 (a) 238 —4 =234. (b) 92 — 2 =90. (c) nucleon number and charge.

AP Physics 2 ¢ 15.8 Types of Radioactive Deca;



	Topic 15 quiz
	Exercise sheet 15.1
	Past-paper questions 15.1
	Exercise sheet 15.2
	Past-paper questions 15.2
	Exercise sheet 15.3
	Past-paper questions 15.3
	Exercise sheet 15.4
	Exercise sheet 15.5
	Past-paper questions 15.5
	Exercise sheet 15.6
	Past-paper questions 15.6
	Exercise sheet 15.7
	Past-paper questions 15.7
	Exercise sheet 15.8

