AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2009 SCORING GUIDELINES

General Notes About 2009 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.

Generaly, double penalty for errorsis 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 alater part should be easily recognized aswrong, 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 one 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
guestion 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

2009 SCORING GUIDELINES

Question 1

15 points total

Distribution of points

(a)
Q) 3 points
For indicating the field points radially inward 1 point
E-_dV
r dr
For correctly substituting the electric potential for r < R into the equation for the 1 point
electric field
_ OVipgge . d Q r
Binsde = =g = “dr| dre,R| 2T 3(ﬁ
For correctly taking the derivative of the potential function to determine the magnitude 1 point
of the electric field
- repl OO R]
|Einside| - 472.60R (3)(2) RI\R
o BQyr
| Emsde' 4”60 R3
(i) 2 points
For indicating the field points radially outward 1 point
E-_Odv
' dr
E .. = _dVoutside — _1 QO
outside dr dr \ 4reyr
For the correct answer 1 point

Q

4dreyr

|Eoutside| = 2
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2009 SCORING GUIDELINES

Question 1 (continued)

Distribution of points

(b)
0) 3 points

For using Gauss’s law 1 point
CﬁE.dA: Qenclosed
€
For substituting the correct expression for the flux through a Gaussian sphere 1 point
E47ZI’2 — Qenclosed, r<rR
€
E _ Qenclosed, r<R
insde= — , 2
eyl
For substituting the appropriate expression for the electric field, consistent with the 1 point
answer to part (2), including a minus sign
_6Qyr _ Qenclosed, r<R
47[60R3 47[60I'2

6Qyr>
RS

Qenclosed, r<R= —

(i) 2 points

From Gauss’s law as shown above
E= Qenclo%d
4reyr 2
For correctly substituting the electric field from part (a) into the expression above 1 point

E _ Qo _ Qenclosed, r>R
outside — -

Areyr 2 Adreyr 2
Qenclosed, r>R— QO

The field points outward, so the charge is positive.
For the correct enclosed charge for r > R 1 point

Qenclosed, >R~ +Q0
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2009 SCORING GUIDELINES

Question 1 (continued)

Distribution of points
(© 2 points

There is charge residing on the surface of the sphere.
For indicating that the total enclosed charge equals the charge at the surface plus all the 1 point
charge inside the sphere

Qenclosed, r>R = qurface + Qenclosed, r<Rwhenr=R

qurface = Qenclosed, r>R Qenclosed, r<Rwhenr=R
For substituting the correct value of Qg osed r<R whenr=R 1 point

6Q,R?
Qsurface = Qo — {_ QRO3 j
Qsurface = Qo — (_GQO)

Qaurface = 7Qo

Note: The student could earn 1 point for a correct qualitative description of the charge
configuration, even if the surface charge was not calculated.

() 3 points
F
/'y
|
I
|
|
|
|
|
t
R ="

1
|
|
|
|
|
|

For having the graph for r < R consistent with the answer to part a (i) 1 point

For having the graph for r > R consistent with the answer to part a (ii), with a finite 1 point

valueat r = R
For having a step discontinuity at r = R indicating the presence of charge at the surface 1 point

(Having both graphs asymptotic to r = R does not constitute the correct
discontinuity.)
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CE-1A-1
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 spherically symmetric charge distribution has net positive charge @, distributed within a radius of R.
Its electric potential V as a function of the distance r from the center of the sphere is given by the following.

IV(r) = % [—2+ 3(%)2] forr < R

4rneyR

V(r) = % forr > R
4::.«:01-

Express all algebraic answers in terms of the given quantities and fundamental constants.

(a) For the following regions, indicate the direction of the electric field E(r) and derive an expression for its
magnitude.

i. r<R

W
" Radially inward Radially outward a/) 3

s

W - ;20 6 1 Bl
E= =G = olnmrEF\ AT EMW&I""

ii. r>R /
Radially inward Radially outward

--o . - T8 -
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CE-1A-2

(b) For the followmg regions, derive an expression for the enclosed charge that generates the electric field in
that region, expressed as a function of r. A0
A o
L r<R

; A
§E'M - %-"—-— _ E(A- BEaTr o ;u_*

W

szc." &JE(r\qﬂﬂ-(l

~ 6@l
=) Qmﬁ' a( 600 # { 5
ii. r>R /9 %ﬂquv ’g

S o befprc < At G~ & B e

> 0 o fpyeae = (@)

(c) Is there any charge on the surface of the sphere (r=R) ?
Yes No

If there is, determine the charge. In either case, explain your reasoning.
o1 ks zj\u?ﬂ on e ocer w10,
whon R, M oum  anilowsd Jarge “*&”"’{‘f’&’“
A Mo Que oppoeibary. 6Q, wo T =
| e s Jes
'u/ﬂm r‘_)ﬁ” am i Q" Mma 7@5 9“11'3

(d) On the axes below, sketch a graph of the force that would act on a positive test charge in the regions r < R
and r > R. Assume that a force directed radially outward is positive.

F
'

.Y
-

.

J
Mw.&s oA a e w[m'?*ﬂ'f“
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CE-1B-1

PHYSICS C: ELECTRICITY AND MAGNETISM

SECTION 11
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 spherically symmetric charge distribution has net positive charge @, distributed within a radius of R.
Its electric potential V as a function of the distance r from the center of the sphere is given by the following.

sl ]
V(r)—4x€0R[ 2+3 R forr < R

Vi) = ) forr > R
4rneyr

Express all algebraic answers in terms of the given quantities and fundamental constants.

(a) For the following regions, indicate the direction of the electric field E(r) and derive an expression for its
magnitude.

1 r< R

Radially inward _____Radially outward

Ecr)idevcfs b _ 4 (3r )): 1 5,,_)
A “fﬂf?“ &f YR e™

. r>R

Radially inward \/ Radially outward

___&VC(\

~ &
EC)= ( --* A R e 8
: d e "”C ) ‘g, < r")
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(b) For the following regions, derive an expression for the enclosed charge that generates the electric field in
that region, expressed as a function of r.

i. r<R (Sflu_ft\) .
Tole A Eaass an c”{,‘d&\(w.% valdtevs

[E-an= E A= 2=

o

r’ r{L".

E:_—EQOSV A= Qv 4

'Lr'ri‘e- /

ii. 75> R
' hire 8 padetS ,uanEZ S
Tk & Gewwien b= o
Ta L W
Sle ﬁ&&: Eh = <.,

fA P . - ‘Tl.,e,zcof't/
E:Zﬁ,—g f"’)//‘ ¥

(c) Is there any charge on the surface of the sphere (r=R) ?
Yes ‘/No

If there is, determine the charge. In either case, explain your reasoning. - GQ ,,-3 o
P 5 ;- m—— —_ L_’.
Tkér-t ,'$ C—Luﬂl_ wn"k‘ﬂiﬂ1— &_" Srm ﬁl”M 63 te,n{. ﬂ‘} h Tu.e;& 4
4 MJ‘.‘ o C\J""A‘J&br WJ‘ 4““"’ C’L“a& ‘-5 &cjir‘L\."l'Q;i -ﬂﬁ'm-/ﬁ\ad- {Lt' rc{.h/‘

ot ij on Ha SVt .

(d) On the axes below, sketch a graph of the force that would act on a positive test charge in the regions r < R
and r > R. Assume that a force directed radially outward is positive.

NIRRT .. N S
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CE-1C-1
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 welght Show all your work in this
booklet in the spaces provided after each part, NOT in the green msert

E&M. 1.
A spherically symmetric charge distribution has net positive charge QQ distributed within a radius of R.
Its electric potential V as a function of the distance r from the center of the sphere is given by the following.

o0 | afEY
Vir) = 4::50R|: 2+3(R) ] forr < R

%
TTE

forr > R
Or

V(r) = 1

Express all algebraic answers in terms of the given quantities and fundamental constants.

(a) For the following regions, indicate the direction of the electric field E(r) and derive an expression for its

magnitude.
i. r<R \/
__Radially inward ____Radially outward
_. l iy 9 e (t
.:’__,E\f\f-« _.\/(Y)'__.C_LV::*__E_%_T
d r _’ Ar Mo At

Radially inward

E"-._

Radially outward

35 (85)

i. r>R /
=i
&

ar 7
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CE-1C-2

(b) For the following regions, derive an expression for the enclosed charge that generates the electric field in
that region, expressed as a function of r.

i. r<R 0
P 0

(c) Is there any Chargi?lhc surface of the sphere (r = R) ?
Yes A/ No
If there is, determine the charge. In either case, explain your reasoning.

iy e naroe 1 6\/?3-0“9 distributed W/Dughouf
' - (o1 ysdnme that  tue
Mo sphace, We 5 ey, A tisrinins "
Sphee © po mads & - A i ‘
onductor wvwouwdde  hone oL of its oGl 4N iru_a,
surfaee, lur ™ s (Ag, e von cunductor Sphars
L T Vane wo ohage 0n i Skfan.

(d) On the axes below, sketch a graph of the force that would act on a positive test charge in the regions r <R
and r > R. Assume that a force directed radially outward is positive.

: Forp
2
= Q"‘T‘%‘;’
=
= kQqv?

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2009 SCORING COMMENTARY

Question 1
Overview

Many of the major electrostatic concepts were tested in this question, which begins with a description of
an unknown spherical distribution of charge and a given relationship for the electric potential of the
charge distribution inside and outside the sphere.

In part (a) students were asked to derive the functions for the electric field, which tested their
understanding of the differential relationship E = —dV/ dr between a spherically symmetric electric

potential and electric field. Since the given potential function was not a simple function, students’ ability
to correctly take a derivative was also tested. In part (b) which assessed students’ understanding of
Gauss's law, they were asked to use the electric field functions from part (a) to determine the charge
distribution.

In part (c) students were asked about a possible surface charge on the sphere. (The overall charge
distribution consisted of negative charge distributed within the sphere, plus positive charge placed on the
surface of the sphere.) Students who correctly answered part (¢) demonstrated a very good understanding
of Gauss's law. In part (d) students were asked to graph the resulting electric force on a positive test
charge. This assessed their understanding of the relationship between electrostatic force and field, as well
as their visual understanding of the charge distribution. A correctly drawn graph would clearly show a
discontinuity at the surface of the sphere, which allowed some students to uncover and resolve
mathematical or conceptual mistakes that they may have made in earlier parts of the problem.

Sample: CE-1A
Score: 15

The solution in this response is nicely done. The student shows all steps and gives a nice explanation in
part (c). The graph in part (d) has a well-proportioned discontinuity.

Sample: CE-1B
Score: 11

This solution earned the full 5 points in part (a). Part (b) is also nicely done and earned the maximum of 5
points as well. No points were earned in part (c). The graph in part (d) earned only 1 point since the r < R
section is not negative, as it should be to be consistent with the “inward” direction in part (a)(i). Also, it does
not show the discontinuity at r = R.

Sample: CE-1C
Score: 7

The response earned only 2 points for part (a)(i) since “Radially outward” is checked instead of “Radially
inward.” Part (a)(ii) earned the full 2 points. Part (b) earned only 1 point for the correct answer in (ii). No points
were earned in part (c). The graph in part (d) earned 2 points for each of the segments being consistent with
part (a), but 1 point was lost for not showing a discontinuity.
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