AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2008 SCORING GUIDELINES

General Notes About 2008 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the
allocation of points for this solution. Some also contain a common alternate solution. Other methods of
solution also receive appropriate credit for correct work.

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part (a) is
correctly substituted into an otherwise correct solution to part (b), full credit will usually be awarded.
One exception to this may be cases when the numerical answer to a later part should be easily
recognized as wrong, e.g., a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if use of the equation expressing a
particular concept is worth 1 point and a student’s solution contains the application of that equation to
the problem, but the student does not write the basic equation, the point is still awarded. However, when
students are asked to derive an expression, it is normally expected that they will begin by writing one or
more fundamental equations such as those given on the AP Physics Exam equation sheet. For a
description of the use of such terms as “derive” and “calculate” on the exams, and what is expected for
each, see “The Free-Response Sections—Student Presentation” in the AP Physics Course Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/s2 , but use of

10 m/s2 is, of course, also acceptable. Solutions usually show numerical answers using both values
when they are significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in some
cases, answers containing too many digits may be penalized. In general, two to four significant digits are
acceptable. Numerical answers that differ from the published answer due to differences in rounding
throughout the question typically receive full credit. Exceptions to these guidelines usually occur when
rounding makes a difference in obtaining a reasonable answer. For example, suppose a solution requires
subtracting two numbers that should have five significant figures and that differ starting with the fourth
digit (e.g., 20.295 and 20.278). Rounding to three digits will lose the accuracy required to determine the
difference in the numbers, and some credit may be lost.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2008 SCORING GUIDELINES

Question 1

15 points total Distribution
of points
(a)
(i) 2 points

For indicating that the charge on the inner surface of the shell is —Q 1 point

For a correct explanation with no incorrect statements 1 point

Examples:

e Applying Gauss’s law to a Gaussian surface within the shell gives Q. joseda = 0>

since the field within a conductor is zero. Therefore the charge on the inner surface
of the shell is —Q.

e The +Q on the sphere attracts an equal and opposite charge onto the inner surface

of the shell. (Equal magnitude could be implied by a statement that earned the first
point.)

(i) 2 points

For indicating that the charge on the outer surface of the shell is +Q 1 point
For a correct explanation with no incorrect statements 1 point
Examples:

e Applying Gauss’s law to a Gaussian surface outside the shell gives
OQenclosed = TQ , therefore the sum of the charges on the inner and outer surfaces of
the shell must be 0.

e The net charge on the shell is zero. Therefore the charge on the outer surface must

be the opposite of the charge on the inner surface because of conservation of
charge.

Note: If the correct sign of the charge is given in part i or ii without the magnitude (Q), a correct
explanation could receive 1 point.

(b)
1) 1 point

Since the sphere is a conductor all the charge lies on the outside surface. Applying

Gauss’s law to any Gaussian surface inside the sphere gives Q. joeqa = 0-

For a correct answer 1 point
E=0

(i) 1 point
For any surface between the sphere and the shell the net enclosed charge is +Q .
Applying Gauss’s law
E4nr? = Q/ I
For a correct answer 1 point
E = 0/4rey? or E = kQ[r?
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
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Question 1 (continued)

Distribution
of points
(b)  (continued)
(iii) 1 point
For any surface inside the shell the net enclosed charge is zero.
For a correct answer 1 point
E=0
(iv) 1 point
For any surface outside the shell the net enclosed charge is +Q .
Applying Gauss’s law
E4nr? = Q/e0
For a correct answer 1 point
E = Q/471'o50r2 or £ = kQ/r2
(c) 4 points
E
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0 a b c
For drawing E = 0 for O < r < a (must have a line drawn on the axis) 1 point
For drawing a positive, decreasing, concave up function with E(b) = 0 for a <r <b 1 point
For drawing E = 0 for b < r < ¢ (must have a line drawn on the axis) 1 point
For drawing a positive, decreasing, concave up function with E(c) < E(b) for r > ¢ 1 point
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2008 SCORING GUIDELINES

Question 1 (continued)
Distribution
of points

(d) 3 points

Note: The intent of the problem was to ask for the speed at a distance of 10c instead of
the stated 10r. Very few students did anything other than treat 10r as if it were
outside the shell.
For a correct statement of conservation of energy 1 point
Forexample, K +U =0
For correct substitution of all variables into a correct relationship (including integration 1 point
limits of e and 10r if integration is used)
(=) _
4re, (10r)
For a correct solution for the speed 1 point
1 2o Qe
2 MV = 4re, (10r)
0?2 = 2Qe _ 1 Qe
dreym, (10r)  4me, Sm,r
v = I Qe or equivalent
4rey Sm,r
Note: If a student noted that 10r did not define a definite radius, points were awarded
as appropriate for attempting a calculation in any region or several regions, or for a
clear indication that the solution is region-dependent.

1 2
For example, Emev +
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CE1A,

PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION II
Time—45 minutes

3 Questions

Directions: Answer all three queétions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part, NOT in the green insert.

E&M. 1.

A metal sphere of radius a contains a charge +Q and is surrounded by an uncharged, concentric; metallic shell
of inner radius b and outer radius c, as shown above. Express all algebraic answers in terms of the given
quantities and fundamental constants.

(a) Determine the induced charge on each of the following and explain your reasoning in each case.
i. The inner surface of the metallic shell
-Q
The electric €leld within the metatlic shell must be zero
at equilibriym. ¥ we apply Gauss’s law with a spherical
shetl (bm-“,) centeved gt +he center of e sphere, the on17
way this can occur 1s (€ He het charge insrde 1I's 2o,

ii. The outer surface of the metallic shell
4+ (R

\nmqul' the wetallie shell 5 uncharmed.
Since Yue ek Surduce Now has a —@ chawge, by He
Conservertivn ot (J«nkgc the outer surfeuce must have

a+Q cl'mlrge-

GO ON TO THE NEXT PAGE.
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CE1A~

(b) Determine expressions for the magnitude of the electric field E as a function of r, the distance from the
center of the inner sphere, in each of the following regions.

i. r<a ﬁg L’K - % =0 Charge cn surface foir metd sphere)

ii. a<r<b ﬁé"'dz=q“’

E Lq.‘n»-YL) = g E = e— Q
4e, T

?o =0 Cinside o conducTor)

Q :‘-L' _(2.
-é: E LWE;, Y:»

1§

e | M
" ¢ r

a b c

(d) Anelectron of mass m, carrying a charge —e is released from rest at a very large distance from the spheres.
Derive an expression for the speed of the particle at a distance 107 from the center of the spheres.

Assuming lor> ¢

Uz q V= -—-Qe =4 T
W Q AV=9 bater” 2MeV
V\ov' Vw"’f e o dr Qe
(74 ] r ' VL- A ————————
) - 20
Vm_ -0=_! -(2 r TeMe ¥
4mé, ¥ lio —
\/'bV = -‘:l—— Q = Q v - _Q—-_e;,
M6 ov T aomr 2WTEN, v
GO ON TO THE NEXT PAGE.
-5-
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PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION II
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part, NOT in the green insert.

E&M. 1.

A metal sphere of radius a contains a charge +Q and is surrounded by an uncharged, concentric, metallic shell
of inner radius » and outer radius ¢, as shown above. Express all algebraic answers in terms of the given
quantities and fundamental constants.

(a) Determine the induced charge on each of the following and explain your reasoning in each case.

i. The inner surface of the metallic shell

-0 the electrons in the outer shellare
attracted tothe innersuffacsby the
Fos \+tave c./yartj S on -\'hesphere?.

ii. The outer surface of the metallic shell ' d
0 the electrons thatt WS repulleo\ X %=18
leave excesS pos:-ri ve charees onthe

outs de of Hhe 5hel()5oivi9 ) tor pesiTive

cha[?fe

GO ON TO THE NEXT PAGE.
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CE1B,

(b) Determine expressions for the magnitude of the electric field E as a function of r, the distance from the
center of the inner sphere, in each of the following regions.

i r<a

3
ti. a<r<b
+
= K 'Q
iii. b<r<c gl—a /_F:
iv. c<r
Ez-kK(E
re
(c) On the axes below, sketch a graph of E as a function of r.
E
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(d) An electron of mass m, carrying a charge —e is released from rest at a very large distance from the spheres.
Derive an expression for the speed of the particle at a distance 10r from the center of the spheres.

-

e

100n* ~ [00me M
V= [kQ “klle (- £KQ&
o0t - “Too J' 4 1oor

_ Qe — 4,410 &
V= Teor = —

GO ON TO THE NEXT PAGE.
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PHYSICS C: ELECTRICITY AND MAGNETISM

SECTIONII
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part, NOT in the green insert.

i
%a
H
4
i
i

E&M. 1.

A metal sphere of radius a contains a charge +Q and is surrounded by an uncharged, concentric; metallic shell
of inner radius b and outer radius c, as shown above. Express all algebraic answers in terms of the given
quantities and fundamental constants.

(a) Determine the induced charge on each of the following and explain your reasoning in each case.

i. The inner surface of the metallic shell
0 +here b wo \‘ml\necl che e own
'

\‘qu\m&( cne e b Q.

fHV\A_ !}hq JV\«‘{’C'@ bé(auli

ii. The outer surface of the metallic shell AP N
ot claae
-Q ' Yhe onlen Iuwﬁ(g Jeres & shiel '{ Sey2

Yo counk. Mo 'Q\{'(_,v( X S Qc\"[""““t‘\'j R"w‘

Hhe wre swrdace

GO ON TO THE NEXT PAGE.
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CE1C ;.

(b) Determine expressions for the magnitude of the electric field £ as a function of r, the distance from the
center of the inner sphere, in each of the following regions.

i r<a JEAA.,%zo

ii. g<r<h
e] JA“ €° & . @ _ O
(] E G_;«b - LT = _._.-€° Q.'hE(\a-’*)' €. = an¢ (b-°)

f:‘e dh- 3‘3

Z‘n Eo
{c) On the axes below, sketch a graph of E asa functlon of r.
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(d) An electron of mass m, carrying a charge —e is released from rest at a very large distance from the spheres.
Derive an expression for the speed of the particle at a distance 10r from the center of the spheres.

gp—

e kR

\'1—

GO ON TO THE NEXT PAGE.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2008 SCORING COMMENTARY

Question 1
Overview

The first three parts of this question assessed students’ understanding of electrostatics, specifically
Gauss's law, as applied to conductors. Students were first asked to determine and give explanations for
the values of the charges on various conductor surfaces. They were then asked to determine and sketch
the electric field in various regions. The final part of this question assessed students’ ability to apply
conservation of energy to find the speed of a charged particle that had been released from rest at a very
large distance from the conductors.

Sample: CE1A
Score: 15

This student explicitly shows use of Gauss'’s law in part (b) and provides a complete and well-organized
solution in part (d).

Sample: CE1B
Score: 8

Part (a) earned full credit. The first answer in part (b) is incorrect, so only 3 points were earned for that part.
Part (c) earned 1 point for the correct third segment. The first curved segment goes to zero, and the second
one does not start below the final value of the first. Part (d) uses an incorrect approach, so no points were
earned.

Sample: CE1C
Score: 4

No points were earned in part (a). It appears the student might have been thinking about the inner and
outer metallic surfaces adjacent to the space between the conductors instead of the surfaces of the shell.
Parts (b) and (c) earned 2 points each for the regions where the field is zero. No points were earned in
part (d).
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