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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Question 2

15 points total Distribution
of points
@ _
(i) 4 points
For calculating the equivalent resistance of the parallel branch 1 point
1 _ 1 N 1 __ 3

R.p (100+50)Q 300Q 300 Q

RresP =100 Q

For calculating the total resistance of the circuit 1 point

R.,qs =R +R.,p=200Q+100Q =300 Q

For correctly using the total resistance to compute the current through the battery 1 point

L,g =E&/R, s =1500 V/300 Q2 =5 A

For correctly using the total current to calculate the voltage across R, 1 point

Vlrex = IresTRl = (5 A)(200 Q) = 1000 V
Vypoo = € =V, = 1500 V — 1000 V

Vipes = 500 V

Alternate solution Alternate points
For the correct Kirchhoff junction equation 1 point
For one correct loop equation (XV = 0) 1 point
For a second correct loop equation 1 point

1500 V — (200 Q)1; — (300 Q)1, = 0

1500 V — (200 Q)1, — (150 Q)I; = 0

Using these three equations to solve for 7,

1500 V — (200 Q)1, — (300 Q)1, = 1500 V — (200 Q)1, — (150 Q)I,
(300 Q)1, = (150 Q) I,

20, = I4

I, =1, +2I, =3I,

1500 V — (200 Q)31, — (300 Q)1, = 0

I, =1.67 A

For correctly using the current 7, to calculate the voltage across R, 1 point
Vs = (1.67 A)(300 Q)

V)0 = 500 V
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Question 2 (continued)

Distribution
of points
(@  (continued)
(i) 2 points
For indicating that the current in branch 3 is zero immediately after the switch is closed, 1 point

either explicitly or by correctly calculating the total resistance at this instant
Ry = R + R, =200 Q + 300 Q = 500 Q
For correctly using the total resistance to calculate the voltage across resistor R, 1 point
Lyar = €/ Ripgr = 1500 V/500 Q =3 A
Voina = (3 A)(300 Q) =900 V

Alternate solution Alternate points
For one correct Kirchhoff equation indicating knowledge that there is no current 1 point

through resistor R,
1500 V = (200 Q)7;,47 — (300 Q) 1,47 = 0

Lingr = 3 A
For correctly using the current to calculate the voltage across resistor R, 1 point
Vaina = (3 A)(300 Q)
(iii) 3 points
For indicating that the voltage across the capacitor is zero immediately after the switch 1 point
is closed, either explicitly or by correctly calculating the total resistance
1 + 1 __4
Rp  100Q  300Q 300 Q
Rpr = R+ Rypp =200 Q +75Q =275 Q
For correctly using the total resistance to compute the current through the battery 1 point
Logpr = S/prr = 1500 V/275Q =545 A
For correctly using the total current to compute the voltage across R, 1 point
V2cap = IcapTRcapP = (545 A)(75 Q)

Vaeap = 410V (rounded to two significant digits)
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Question 2 (continued)

(continued)
(iii)  (continued)

Alternate solution
For one correct Kirchhoff equation indicating the current flowing in R;
For a second correct Kirchhoff equation

1500 V — (200 Q)I, — (100 Q)1; = 0

1500 V — (200 Q)1, — (300 Q)I, =0

Using a Kirchhoff junction equation and solving the three equations for 7,
I =1, +1,

1500 V — (200 Q)1; — (100 Q)I; = 1500 V — (200 Q)I, — (300 Q)I,
(100 Q)1; = (300 Q)I,

I, =3I,

I, =1, + 3, = 41,

1500 V — (200 Q)41, — (300 Q)1, = 0

I, =136 A

For correctly using 7, to calculate the voltage across R,

V, = LR, = (1.36 A)(300 Q)

V, = 410 V (rounded to two significant digits)
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Question 2 (continued)

Distribution
of points
(b) 6 points
f
»
o ™1

Resistor graph:
The current is constant with the resistor placed between points A and B. The resistance

of that branch is more than when the capacitor and inductor are placed there, so the

current will be less.
For drawing a horizontal line, indicating a constant current 1 point
For having the value of the resistor graph less than the initial value of the capacitor 1 point

graph or the steady state value of the inductor graph
Inductor graph:
The inductor initially opposes the flow of current, so the initial current in that branch is

zero. Eventually, the inductor acts like a wire and does not impede the flow of

charge, as the rate of change of current decreases to zero.
For starting the graph at 7; = 0 attime t = 0 1 point
For a graph that is concave down and asymptotic to the initial current in the capacitor 1 point

case
Capacitor graph:
Initially, the capacitor is uncharged and current is a maximum in the branch containing

R; . As the capacitor charges the current in that branch decreases to zero.
For a finite, nonzero initial value for the current 7; at t = 0 1 point
For a graph that is concave up and asymptoticto 7 = 0 1 point
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E&M. 2.

1n the circuit shown above, A and B are terminals to which different circuit components can be connected.
(a) Calculate the potential difference across R, immediately after the switch § is closed in each of the
Lo -
following cases. Hew ” e ¥ TN

i. A 50 Q resistor connects A and B.

rv/v';/%‘o“

H

jsov T
- v o)
R 11500 2°°(‘2 e _ = SO0V

ii. A40mH inductor connects A and B.
t:O ‘mévcl—o( otk ¢5 ;;%(CCC!\” neuledor
. 500 ‘

-Swf e
500V '500,,—3 TR 3(300) - Q00 V
(\/ \l&"’
\) - 900 v
Rz

ili. An initially uncharged 0.80 pF capacitor connects A and B. ; J "‘0 l’
ve
£=0 Cﬁpaci bt cch 65 | ,(Qd ¢ol
b K = 7.75 <%

A 7% \so0 - 275 %

‘L Tt S.SA

200 80 9 v
. ___ zoofes)= 1°
T IS0 ‘

\} = L\ \ O A4
RZ GO ON TO THE NEXT PAGE.
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CE2A,

(b) The switch gets closed at time ¢ = Q. On the axes below, sketch the graphs of the current in the 100 Q
resistor R; versus time ¢ for the three cases. Label the graphs R for the resistor, L for the inductor, and

C for the capacitor.

4.\A

[V I\C: 4,} A

= QL - (8" (27%) = 226" s

e Yo =100 T

__r_;': 4.1 A

GO ON TO THE NEXT PAGE.
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CE2B,)

E&M. 2.

In the circuit shown above, A and B are terminals to which different circuit components can be connected.

(a) Calculate the potential difference across; Rz immediately after the switch S is closed in each of the
PO )
following cases.

i. A 50 Q resistor connects A and B.
I|=12,+:E3 —I:;:SNA
1500-200T, = 150T3=0 / T2=1ETA
1500 - 200T,— 300 T, =0 L3 =3.33A

AN = TR = (167 A) (300 ) = E;O“\/‘

it. A 40 mH inductor connects A and B.

(0 cocrent Flows in the AB part of Cirewlk
{500- 5oL~ O
T = 3A

B=TR, = (3 4)000-0) = [A00 v |

iii. An initially uncharged 0.80 pF capacitor connects A and B.
no cusrent £lows 4houain & 5

oV |

GO ON TO THE NEXT PAGE.
-6~ .
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CE2Bo

(b) The switch gets closed at time ¢ = 0. On the axes below, sketch the graphs of the current in the 100 Q
resistor{ Ry versus time ¢ for the three cases. Label the graphs R for the resistor, L for the inductor, and

C for the capacitor.
I

GO ON TO THE NEXT PAGE.
-7-
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R1 =200 Q —
J AN 300
Y
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. CE2C,
*

In the circuit shown above, A and B are terminals to which different circuit components can be connected.

(a) Calculate the potential difference across R, immediately after the switch S is closed in each of the

following cases.
i. A 50 Q resistor connects A and B.

Rudn\™ 300
1=5
~TR
L= 6 (30&)

gy

ii. A 40 mH inductor connects A and B.

R‘\*o‘\’ g R
1 =95M$
\,- T
\J = g,%(?&b

\g\b 3%

ifi. An initially uncharged 0.80 uF capacitor connects A and B.

R\O&\\“ 175
A T

V. =TR
:9‘(9(30&

Ve =65

6

R A
Y] s00 100 "l
1A
I _ so¢
=TS
=645
GO ON TO THE NEXT PAGE.
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(b) The switch gets closed at time ¢ = 0. On the axes below, sketch the graphs of the current in the 100 Q 2—
resistor R; versus time ¢ for the three cases. Label the graphs R for the resistor, L for the inductor, and

C for the capacitor.

J="5(10) ! L
R e

\=5,45( 100! C

GO ON TO THE NEXT PAGE.
-7-
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Question 2
Overview

This question was intended to assess students’ knowledge of circuits, including RC and RL circuits. In
part (a)(i) students had to know how to determine voltages in a resistive network involving both series and
parallel connections. In parts (a)(ii) and (a)(iii) students needed to understand how capacitors and
inductors behave just after the power supply is connected. Part (b) required students to graph the current
through the branch of the circuit containing the various replaceable elements. Students had to
demonstrate understanding of how the capacitor, inductor, and resistor affected the time dependence of
the current in that branch.

Sample: CE2A
Score: 15

In part (a) the student includes diagrams that are helpful in evaluating the work shown and explicitly
describes the initial behavior of the inductor and capacitor. The graph includes labels with actual values
not required when just a sketch is requested.

Sample: CE2B
Score: 12

The student correctly uses Kirchhoff's rules in part (a)(i) and received full credit for parts (a)(i) and (a)(ii). No
points were earned in part (a)(iii); however, part (b) earned full credit.

Sample: CE2C
Score: 8

In part (a)(i) the student lost the last point because the final calculation of voltage is incorrect. In part (a)(ii)
the student uses capacitor conditions for the inductor, so no points were earned. In part (a)(iii) the student
uses the correct initial conditions but again makes an error in the final calculation of voltage, so only 2
points were earned. In part (b) the resistor graph earned 2 points, and the capacitor graph earned 1 point
for its initial value.
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