AP® PHYSICS C ELECTRICITY & MAGNETISM
2006 SCORING GUIDELINES

Question 2

15 points total

(a)

4 points

From Kirchhoft’s loop rule, the sum of the potential differences around the circuit is zero.

For any statement of the loop rule
For correct substitution of the potential differences across both resistor and capacitor

g-ir-L-0

C
For substituting the differential definition of current
i da
Cdt

For a correct answer including correct signs (a correct answer with no supporting work
was awarded full credit)
dg _ 4
E—R—-+5=0
Yt C

Alternate solution
For a correct exponential expression for current as a function of time

_ —[/RIC
I =1Iye

For applying Ohm’s law to determine the initial current

E
Iy = —
0 R,
For substituting the differential definition of current
d
=4
dt
For a correct answer (a correct answer with no supporting work was awarded full credit)
dq _£ et RC
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(b)

AP® PHYSICS C ELECTRICITY & MAGNETISM
2006 SCORING GUIDELINES

Question 2 (continued)

3 points

Using the differential equation from part (a)

e-dap 4 _g

dt Cc
For separating the variables of the differential equation
_dq _ _dt
EC-q RC

T dq :t_dt
g-€C ) RC

0

For integrating the expression

t

t

In(g - EC)f = “RC
1

0
qg-&C 1

In(g ~ £€) ~In(~£C) = n T 7 —Rﬁxz—o)

q-EC _ -i/rcC
-&EC

g - EC = —€Ce™RC

For a correct answer (a correct answer without supporting work in parts (a) or (b) was
awarded 1 point)

g =€C(1- M)

Alternate solution
Using the differential equation from part (a) (alternate)
dq _£ e RC

For separating the variables of the differential equation

E _tirRC
dg = = 1~ dt
q Rle

q t
d — £—t/R]Cd
e

For integrating the expression
£ ~1/RC\|*
9 _ < (_ US|
qu - Rl( Rlce )‘0

E -t/R,C E
- _RCl|l = 1C _ <
0=-re( e -F)

For a correct answer (a correct answer without supporting work in parts (a) or (b) was

awarded 1 point)
q=€C(1- R
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(c)

(d)

AP® PHYSICS C ELECTRICITY & MAGNETISM
2006 SCORING GUIDELINES

Question 2 (continued)

3 points

Using the charge on the capacitor in terms of potential difference and capacitance
qg=CV

For setting the expression for charge from part (b) equal to the charge on the capacitor
gc(1-e"%) =cv

Solving for the time

V)
-V
Substituting given values into the time expression

~ _2v
t = (4700 ©)(0.060 F)ln(12 N 7 v)

For the correct answer with units (a correct answer with units with no supporting work was
awarded full credit)
t =114 s (orequivalent such as t = 2821n(3/2) s )

Note: An incorrect value of time greater than 0 s and less than 282 s (the time constant,
R,C ) with correct units earned 1 point.

5 points

Current

» Time

For having I, start at a positive, nonzero value

For sketching I, as exponentially decreasing to a horizontal asymptote
For having I, starting at zero

For sketching I, as exponentially increasing to a horizontal asymptote
For showing the I/, and I, converging at the same horizontal asymptote
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E&M 2.

The circuit above contains a capacitor of capacitance C, a power supply of emf £, two resistors of resistances R,

and R,, and two switches, S, and S, . Initially, the c@gm/__lmg_!@_rged and both switches are open. Switch §,
then gets closed at time = 0,

(a) Write a differential equation that can be solved to obtain the charge on the capacitor as a function of time 7.

?
e—— IQ —'Q O I;.ﬁr
N 4

. P —

(b) Solve the differential equation in part (a) to determine the charge on the capacitor as a function of time .

£ _a - &
w < ot 2y
f(~& 26~
ARG o
() L f-G
S_@j9+-£’_@_ pum 2
» eC o/ EC-QR

A
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E2A ).

Numerical values for the components are given as follows:

E=12V
C=0.060F
R =R, =4700Q

" (c) Determine the time at which the capacitor has a voltage 4.0 V across it.

Y (BT

-4/ 4
wowob = 1 -
| ~e 2

[ P

e
oy = (o D

After switch S, has been closed for a long time, switch S, gets closed at a new time £ =0.

(d) On the axes below, sketch graphs of the current 7, in R; versus time and of the current /, in R, versus time,
~ beginning when switch S, is closed at new time ¢ = 0. Clearly label which graph is J; and which s 7, .

¢ Current %
Aot 5@ 2
¢ £
P —— n‘\"’ul
L‘\—; Q\TQ'L
\ogcuu‘ﬂ k\‘L
C“?“;\'“ acks
\ike * «
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i » Time
\ai \*..\\1 M‘;\, Voke: thy 3 wob dawn Yoo seule— ‘é_r. K Q(Mlls) buie
\0,3:& £
v e velue & =

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



E2B \
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E&M 2.

The circuit above contains a capacitor of capacitance C, a power supply of emf £, two resistors of resistances R,

and R,, and two switches, S and §, . Initially, the capacitor is uncharged and both switches are open. Switch S,
then gets closed at time £ = 0.

(a) Write a differential equation that can be solved to obtain the charge on the capacitor as a-function of time ¢.

6—%&-% :"O

(b) Solve the differential equation in part (a) to determine the charge on the capacitor as a fynction of time ¢.
| V= &
-z

L ¢ |
At

JNCES S o
Cpcltds— = &+
RC of;%_ic
' ' -t
-R{\V\%“ég?f - H\a %(¥}= Cﬁ (l"e—‘i%
o
O \
L TeC
K b€ Ly
/ 3 e &
% = @Q_ ce M C o GO ON TO THE NEXT PAGE.
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E2B g

Numerical values for the components are given as follows:

E=12V
C=0.060F

(c) Determine the time at which the capacitor has a voltage 4.0 V across it.

Ve ¥

HLeg = foe(d (1- )

(i-e%=) = 3

—

\ % - eﬁa*(.';s') -
-k A= —4700(06) 4
v 3 2 Teree o (e) tn%

After switch S, has been closed for a Iongytime, switch S, gets closed at a new time r = 0.

(d) On the axes below, sketch graphs of the current /; in R, versus time and of the current /, in R, versus time,
~ beginning when switch S, is closed at new time ¢ = 0. Clearly label which graph is 7, and whichis 7, .

Current

ﬁl

FUSe FERL RS G ST R ESmAsEE Gm & Su s
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E&M 2.

The circuit above contains a capacitor of capacitance C, a power supply of emf £, two resistors of resistances R,

and R,, and two switches, S, and S, . Initially, the capacitor is uncharged and both switches are open. Switch S,
then gets closed at time = 0.

(a) Write a differential equation that can be solved to obtain the ‘charge on the capacitor as a function of time ¢.

-CcV

(b) Solve the differential equation in part (a) to determine the charge on the capacitor as a function of time .

g=ce(l-e ™)
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E2C 2-

Numerical values for the components are given as follows:

E=12V
C=0060F

R =R, =4700Q

(c) Determine the time at which the capacitor has a voltage 4.0 V across it.

g = Ce = OB = 28

(ad 2(«_0(0\ Lavh ( Y - C't/ﬁoo:.o.s*‘)

S e T

- /o2

Wiy

After switch S has been closed for a long time, switch §, gets closed at a new time 1 =0.

(d) On the axes below, sketch graphs of the current /| in R, versus time and of the current /5 in R, versus time,
beginning when switch S, is closed at new time ¢ = 0. Clearly label which graph is 7; and which is I, .

Current
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2006 SCORING COMMENTARY

Question 2

Overview

This question was designed to test students’ understanding of RC circuits, specifically with the capacitor in both
series and parallel to the resistors. In part (a) students were asked to evaluate the circuit and write a differential
equation that could be solved. Part (b) required students to solve the differential equation for the charge on the
capacitor as a function of time. Part (c) required them to equate the expression for the charge determined in part
(b) to the charge in the capacitor at a given voltage. Part (d) asked students to graph the currents in both the first
and second resistor as a function of time (after the capacitor was charged and then switch S, was thrown).

Sample: E2A
Score: 15

This clearly written response earned full credit on all parts of the problem. Part (a) makes use of Kirchhoff’s loop
rule in setting up the differential equation, which is integrated in part (b) using limits of integration. Although it was
not necessary in part (d) to scale the vertical axis of the graph, the student very clearly indicates the correct
relationship between the two values of the current that are indicated.

Sample: E2B
Score: 9

This response earned 7 points full credit on parts (a) and (b). Part (c) earned the point for setting the expression
for charge from part (b) equal to CV, where V is 4 volts, but failed to get the correct answer or an answer within
the reasonable range, so no additional points were given. Part (c) earned only the point for showing the current 1,

starting at zero.

Sample: E2C
Score: 4

Part (a) received no credit. Part (b) received 1 point for a correct answer, even though no supporting work was
shown, as this is a standard equation that may have been committed to memory. Part (c) received 3 points full
credit, but no credit was given for the graphs in part (d).
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