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AP® Physics 2: Algebra-Based 2024 Scoring Guidelines

Question 1: Paragraph-Length Response

10 points

(@)

For indicating that f is least and f- is greatest

1 point

For correctly relating the frequency of a photon to the energy of the photon

1 point

For indicating that the kinetic energy or speed of an ejected electron is inversely related to the
de Broglie wavelength of the electron

1 point

For indicating one of the following:

e That a greater photon energy or frequency results in a greater kinetic energy for an
ejected electron

e That the lowest photon energy or frequency is below the work function or threshold
frequency which results in no ejected electron

1 point

For a logical, relevant, and internally consistent argument that addresses the required
argument or question asked, and follows the guidelines described in the published
requirements for the paragraph-length response

1 point

Example Response

An electron will be ejected if the incident photon has an energy greater than the work
Sunction of the metal. Because no electrons were ejected using fy, the corresponding photon
energy, and, therefore, frequency must be the least. A photon with greater frequency will
result in an ejected electron with more kinetic energy; the kinetic energy of an electron is
inversely related to the de Broglie wavelength of the electron. Because the de Broglie
wavelength of electrons ejected by light of frequency f is greater than those ejected by

light of frequency f, fx must be less than f. Therefore, f is the greatest.

Total for part (a)

5 points
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(b) For one of the following:

e Correctly relating electron de Broglie wavelength to a correct expression that includes
h, m,and v

e Relating kinetic energy to a correct expression that includes momentum and mass

1 point

Example Responses

h

For correctly substituting an algebraic expression in terms of A, for the electron speed or
momentum into a relevant equation for kinetic energy

Scoring Note: This point can be earned for substituting a numerical value for electron speed
or momentum into a relevant equation for kinetic energy.

1 point

Example Responses

(hjz
1 (Y pl
K:Em( ) OR K =-Z¢

mA, 2m

For a correct answer with units

1 point

Example Response

K=5x10"7

Example Solution

- 2m162

(6.63 x10724 J. s)2

K = =5x10"" 7

2(9.11x 10 kg)(6.9 107" m)’

Scoring Note: An answer of 3 eV also earns the final point.

Total for part (b)

3 points
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()

For indicating that the work function of Metal 1 is less than the work function of Metal 2
with an attempt at a relevant justification

1 point

For indicating at least two of the following:

e The correct relationship between the work function and the difference between 4f and
K

max
e The frequency or energy of the incident photons is the same

e The de Broglie wavelength is inversely related to the energy of the ejected electrons

1 point

Example Response

The work function of Metal 1 is less than the work function of Metal 2. When light of the
same frequency is incident on both metals, the electron ejected by Metal 1 has a smaller

de Broglie wavelength than that of Metal 2, so an electron ejected from Metal 1 has more
kinetic energy. The work function is the difference between the photon energy and the
maximum kinetic energy. Since the photon energy is the same but the maximum kinetic
energy is larger for Metal 1, the difference between the energies, and thus the work function,
is smaller for Metal 1.

Total for part (¢)

2 points

Total for question 1

10 points
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P2 Q1 Sample A p2 of 2

Question 1

Continue your response to QUESTION 1 on this page.

(.)h‘MnM‘Mmmwmm, fA,f',afc,igmmww
frequency is least. Justify your answer using physics principles. ‘
foic qreadest wad dy io kast . Aceording o the plitrelectmic oquation Knayhi~

¢ where Wl is Hhe ameray of Tncident Bt A @ i the work dution od
mets] when the kinetic onogy 5 qreatr, frequency b greater. Siwee theret v
dechons ejectedby B gkt 18 fhe energy hf is less thoaun &, iwolrcotiany Tomn
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WAlongth 15 Qreater, velotity s omaller, yesuhting i a ewaflor kinetic
Bnoqy . Therefore , siace Re o metal [ will Mk 4y 1o qeator Thande

% >da.

(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.

Kuu =‘1M0; N~ —‘L;—"-‘—
KON R Do ’
b-1= ARy

mMv .34
Lotuxge® ™" a
, -
\(‘j]ﬂ Zio I .37 v=0.\\'x 10

(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 resuits.

Sate tn il Loed 3, e o wotal 15 swaller thaw e metsl 2, K2,

Snce e Metdent light &5 pawe , Wl the cane, andd becousre
K=hf-d, & ol motal | 1S soller than motad 2

T

Unauthorized copying or reuse of this page Is ilegal. Page 3 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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” P2 Q1 Sample B p2 of 2

Question 1

Continue your response to QUESTION 1 on this page.
(a) In a coherent, paragraph-length response, indicate which frequency, £, , fg. Or f is greatest and which
frequency is least. Justify your answer using physics principles.
e 26, > (g |
Grearer frequlincy - wmeand  more enersy - More eneqSy
meany  mMore momentorn  for Hne Q\CL‘:)OnA
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(b) Calculate the maximum kinetic energy of the electrons ejected from Metal 1 in Trial 1. Assume that the

momentum p ofnnejectedelectrwcanbedeacribedbyﬂncm?ialdeﬁniﬁonp-mv.
. (410"

Kmax= N ¥ - ¢ N= (94119 *Y(wa-10°°)
A=$" v = k.36 107

- AT K= 3my?

a0 = T o) K = 1.a76-0")

(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.
e work fachon for maa\ 2 o grearer  bedavog

¥ woo/c\onj\-hi Celecped <&fe grecaen, Crcabe/ ,{_ MCanJ
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P2 Q1 Sample C p2 of 2

o Question 1

Continue your response to QUESTION 1 on this page.

(a) In a coherent, paragraph-length response, indicate which frequency, Sa» Jg O f, is greatest and which
frequency is least. Justify your answer using physics principles.

Su i A geded Puqueg o F prded
T \Wjub\ Ve Brdie um\ca\l;\ Cor o YL
L S R Y (SN 1% ST Py
3 \Bro:)\‘«c WU\MJXL Nan fc_ Ta tern, fB
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W (hety Y Vecor Aoq\m

(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.

W= L wmdt /L\/gz\/\’\\ﬂ
N A R\

(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.

The work ConMon of Medad 1 &5 \ess Yhan
YA Wiy cem be seen from T resul s
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AP® Physics 2: Algebra-Based 2024 Scoring Commentary

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

The responses were expected to demonstrate the ability to:

e Relate the frequency of a photon to the energy of the photon.

e Relate the kinetic energy or speed of an electron to the de Broglie wavelength of the electron.

e Relate the energy of an incident photon to the energy of an electron ejected from a metal sample.

e Analyze the photoelectric effect to compare the kinetic energy of ejected electrons when the energy of
incident photons exceeds the work function.

e Analyze the photoelectric effect to determine if electrons will be ejected when the energy of incident
photons does not exceed the work function.

e (Calculate the kinetic energy of electrons from a given de Broglie wavelength by analyzing the
relationship between A, and p or v and the relationship between K and p or v.

e Analyze K ., = hf — ¢ to relate the energy of the incident photons and the kinetic energy of ejected

max
electrons to the work function of different materials.

Sample: 1A
Score: 9

Part (a) earned 5 points. The first point was earned for indicating that f is the least and f- is the greatest. The

second point was earned for correctly relating the frequency of a photon to the energy of a photon. The third point
was earned for correctly indicating that the kinetic energy of an electron is inversely related to the wavelength of
the electron. The fourth point was earned for indicating that the lowest frequency photon results in no ejected
electron due to an energy or frequency below the metal’s work function or threshold frequency. The fifth point
was earned for addressing the question asked in a logical, relevant, and internally consistent paragraph-length
response. Part (b) earned 2 points. The first point was earned for correctly relating the electron’s de Broglie
wavelength to 4, m, andv to determine the speed of the electron. The second point was earned for correctly
substituting the numerical value for the speed into a relevant equation for kinetic energy. The third point was not
earned because the answer includes an incorrect value. Part (c) earned 2 points. The first point was earned for
correctly indicating the work function of Metal 1 is less than the work function of Metal 2, with an attempt at a
relevant justification. The second point was earned for stating the correct relationship between the work function
and the difference between /f and maximum kinetic energy. In addition, the response indicates that the

wavelength of the electron from Metal 1 is smaller, and the kinetic energy is larger, which indicates that the
de Broglie wavelength is inversely related to the energy of the ejected electron.

Sample: 1B
Score: 7

Part (a) earned 3 points. The first point was earned for correctly indicating that fj is the least and f- is the greatest.

The second point was not earned because the response indicates that greater frequency means more energy but does
not clearly indicate whether the energy is referring to the energy of the photons or to the energy of the ejected
electrons. The third point was earned for indicating that the wavelength of the electron is inversely related to the
momentum but does not directly relate the wavelength to the speed or kinetic energy of the electron. However, the
response does relate energy to momentum, in addition to the inverse relationship between wavelength and
momentum, thus correctly relating electron wavelength and electron energy. The fourth point was not earned
because the response indicates that the lowest frequency photon results in no ejected electron but does not explicitly
indicate that the frequency is below the work function or a threshold frequency. The fifth point was earned for
addressing the question asked in a logical, relevant, and internally consistent paragraph-length response.

© 2024 College Board.
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Question 1 (continued)

Part (b) earned 2 points. The first point was earned for correctly relating the electron’s de Broglie wavelength to

h, m,and v . The second point was earned for correctly substituting a numerical value for the speed into a relevant
equation for kinetic energy. The third point was not earned because the answer includes an incorrect value. Part (¢)
earned 2 points. The first point was earned for correctly indicating the work function of Metal 2 is greater than the
work function of Metal 1 and including a relevant justification. The second point was earned for indicating the
frequency and energy 4f of the incident photons is the same and indicates the correct relationship between the work

function and the difference between Af and maximum kinetic energy.

Sample: 1C
Score: 3

Part (a) earned 1 point. The first point was not earned because, although the response correctly indicates that f3; is
the least it incorrectly indicates that f}, is the greatest. The second point was not earned for not explicitly relating

the frequency of a photon to the energy of a photon. The third point was not earned for not stating the inverse
relationship between kinetic energy or speed of an electron and the wavelength of the electron. The fourth point was
not earned because the response does not indicate that a greater photon energy results in greater electron energy and
does not indicate that a smaller photon energy (less than the work function) or frequency (less than threshold
frequency) results in no ejected electron. The fifth point was earned for addressing the question asked in a logical,
relevant, and internally consistent paragraph-length response. Part (b) earned 1 point for correctly relating the kinetic
energy to p and m . The second point was not earned for not correctly substituting an algebraic expression, in terms
of wavelength, for the momentum and speed of the electron. The third point was not earned for not having a correct
answer with units. Part (c) earned 1 point for correctly indicating that the work function of Metal 1 is less than the
work function of Metal 2 with an attempt at a relevant justification. The second point was not earned for not
including a correct relationship between the work function and the difference between /f and maximum kinetic
energy, not indicating the frequency or energy of the incident photons is the same and by not indicating the de
Broglie wavelength is inversely related to the energy of the ejected electron.
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