AP Physics C: Electricity and Magnetism: 2025

Question 1: Mathematical Routines (MR) 10 points
A0 For a multistep derivation that includes the equation @E ‘dA = Dene. Point Al
)
Scoring Note: Vector notation is not required for this point to be earned.
For a correct substitution of the area of an appropriate Gaussian surface with nonzero Point A2
flux for the region R, <r <R, (e.g., 27rl)
For a correct expression for the enclosed charge (e.g., o, (271R1£ ) ) Point A3
Example Response
GE-di=Lee
2
o, (27R/
E(27rl)=———"= (27R)
80
E= oR
gl
o b - .
(i)  For substituting the expression for £ from part A (i) into AV =— _[ E-dr Point A4
Scoring Notes:
e Vector notation is not required for this point to be earned.
e The sign of AV is not considered for this point to be earned.
For an attempt to solve the integral for |AV| that includes correct limits Point AS
o R &1
(e.g., AV| = #J‘ —dr)
g, “Ror
Scoring Note: This point may be earned regardless of the order of the limits of
oR k1
integration; for example, —— I —dr.
g “Rr
Example Response
b -
AV =H E-dr
R, o R oR &1
|AV|:I Ly =— II —dr
kore, g hr
RZ
o,R o,R R
AV|=—"ZIn(r) = #ln(—zj
2 R ) R,
(iii) For sketching a graph that is zero for both 0 <7 <R, and r > R, Point A6
For sketching a graph that is decreasing and concave up for R, <r <R, Point A7

Scoring Note: The curve does not have to intersect the vertical dashed lines for this
point to be earned.
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Example Response

Figure 2
. o : . 0 Point B1
For a multistep derivation that includes the equation C' = ——
For indicating that C with the dielectric material inserted is C without the dielectric Point B2
material inserted multiplied by x (e.g., C = K%
For substitutions of both the total charge Q and the potential difference A} that are Point B3

consistent with part A
Example Response

Without the dielectric material

_ 9
AV
c__O (27LR,)
ok In R
80 Rl
C- 2rLe,

ln[RZJ
Rl

With the dielectric material

C= Kg
AV
C- 2rlxe,

In (RZ]
Rl




Question 1: Free-Response Question

AP Physics C: Electricity and Magnetism: 2024 Set 2

15 points

()

For using a correct equation for electric flux

1 point

Example Response

For the correct numerical answer

Scoring Note: Correct units are not required to earn this point.

1 point

Example Response

N - m?

O, =113

Example Solution

<j>EdZ1=2

)

1.0x107° C
¢
N - m?
N-m2

q)E =
8.85x 10712

Total for part (a)

2 points

(b)(®)

For indicating that Wy = 0

1 point

For drawing a bar representing W, that has a height of approximately one and a half units

1 point

Example Response

Work [ I O ]
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(b)(ii) For using an equation that relates the electric field to potential difference 1 point
Scoring Note: This point can be earned if the response begins with a correct relationship
between electric field and potential difference in which numerical values are already
substituted.
Example Responses
dv 4 AV =
E, == OR |£]|= ‘—d—y OR |E|= ‘—A—y OR AV =-[E-dF
For correct substitutions of values of electric potential and the distance between equipotential 1 point
lines that can be used to calculate the approximate magnitude of the electric field at
Position B
Example Response
|E | _| =200V - (=100 V)|
v 14m |
Example Solution
dV
E, =-%~
dv
5=
AV
Bl= sy
|E _| =200V = (=100 V)|
7 1.4m |
\Y
|Ey| =7 IE
Total for part (b) 4 points
() For selecting only —y with an attempt at a relevant justification 1 point
For indicating that the direction of the electric field vector is perpendicular to a line that is 1 point
tangent to the equipotential line at Position C
For indicating one of the following: 1 point
e The test charge moves from a higher electric potential to a lower electric potential.
e The test charge and the rod have charges of the opposite sign.
e The test charge and the sphere have charges of the same sign.
Example Response
—y . The direction of an electric field vector is perpendicular to an equipotential line. Because
the test charge has a positive charge, the test charge would move from a position of higher
electric potential to a position of lower electric potential when an electric force is exerted on
the test charge. Therefore, at Position C, the electric force is downward because that is the
direction that is perpendicular to the equipotential line and in the direction of decreasing
electric potential.
Total for part (c) 3 points
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(d)(i) For using an appropriate equation for determining the electric potential from a line of uniform 1 point
charge
Example Responses

1 q; 1 dg e
- _l V = e _ — .
T > » OR e [L OrR Ay =-[E-ar
For a correct determination of », the distance between Point P and a point on the line of 1 point

uniform charge
Example Responses

szkaPQ_y OR szkj( l_yjdq

For a correct integral with A dy substituted for dg 1 point

yp

Example Response

e _Mj(ypl—y)dy

For the correct limits of integration 1 point
Example Response

1

2L
Vo = —kA ]d
F ;[(J/P y 4
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Example Solutions

__1 i
V_47rgozrl-

1
=k d
’ I(yp—yjq
dg =-Ady

Vo = kAIn(yp — ) Bt= —kAIn(yp — 1) 5,

__ Yp
Vp = kiln(yp — ZLJ

OR
AV =-[E - dF
E) = [ dg

E(y)=j”’_‘—i,)2dy'=kz[ -
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(d)(ii) For sketching a curve or line that continually approaches the horizontal axis as position 1 point
increases
For sketching a concave down curve that is always negative 1 point

Example Response

E

¥
A

p—t — — —t= Y
2. 4L 6L BL 10L 12L

Total for part (d) 6 points

Total for question 1 15 points
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Question 1: Free-Response Question 15 points

(@)

For correctly determining the charge on the outer surface of the shell 1 point

Example Response

9net = Yinner + outer

Qouter = 9net — Yinner

Qouter = +3Q - (+Q)
qouter = +2Q

Scoring Note: A correct response may earn a point even if no work is shown.

Total for part (a) 1 points

(b)

For using Gauss’s law by substituting for either the area or the enclosed charge 1 point

Example Response

q;—';“ - @E-dA = E(47r?)

For using a correct expression for ¢,,. as a function of r 1 point

Example Response

qenc

-0 (4 3)_ r
T \37)=29s
§7Z'R3 R

3

Scoring Note: The response may earn this point regardless of the sign of ¢,,,. .

For using the correct area 1 point

Example Response

Scoring Note: The response may earn this point regardless of the sign of E .

Total for part (b) 3 points
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(©)

For recognizing the electric field varies as an inverse square of the separation distance 1 point
from the center of the nonconducting sphere

Example Response

EocL2
p

For the correct magnitude, including units, of the electric field at 2R 1 point

Example Response

E _ E, _8N/C
new — _jI_'_'__jI__

E,,, = 2N/C

Total for part (¢c) 2 points

(d)

For using the equation relating potential difference to the electric field with an attempt at 1 point
either integration limits or evaluating the integral

Example Response
Sf
V-V, = —j Edr

Si

r=4R
AV = [ Edr
r=R
For substituting the correct expression for the electric field or an expression for E that is 1 point

consistent with the explicit functional dependence of E(r) from part (c)

Example Response

r=4R

AV = - —der
or  Amegr
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For correctly integrating the electric field expression that was substituted in the previous 1 point
point with correct limits of integration

Example Response

oo & -

T amey| rlop  Ameg L7 lap  4meo \R 4R) 4me,\ 4R
30
AV =
1675y R
Alternate Solution
For using a difference in potentials treating the inner sphere as a point charge by 1 Point
symmetry
av=-—2 __©
dregry  4megt;
For using the correct charge on both of the terms;, Q not Q and 3Q 1 Point
For using the correct values for r 1 Point
Q 0
AV = -
dregR  Amey4R
__30
" 167gyR

Total for part (d) 3 points

(e)(d)

For indicating that £ is negative and the magnitude of £ increases linearly from 0 to R 1 point

For a curve that is continuous at R and asymptotically approaches zero in the region 1 point
R<r<4R
For a positive, concave-up, and decreasing curve for » > 4R 1 point

Example Response

E
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(e)(ii)

For a potential curve that is always increasing from 0 to 4R 1 point
For a potential curve that is decreasing for » > 4R 1 point
For a continuous graph across all three regions 1 point

Example Response

0

Vv

-

Scoring Note: The intercept of the curve on the vertical axis is irrelevant. The intercept of
the curve on the horizontal axis is irrelevant. The curve can, hence, cross the horizontal
axis at any location or even be entirely on the negative side of the horizontal axis as long
as the other criteria are met.

Total for part (e) 6 points

Total for question 1 15 points



