AP® PHYSICS C - ELECTRICITY AND MAGNETISM
2014 SCORING GUIDELINES

Question 1
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Potealial Diclecene (V)
For labeling both axes with proper variables and units, and using appropriate 1 point
linear scales for both axes
For properly plotting the data points 1 point
For drawing a reasonable best-fit straight line 1 point
(b) 3 points
For calculating a slope using points on the line drawn in part (a), not data points 1 point
unless they are on that line
Al (150 -25)x107° A
m=— = =0.0164 A/V
AV (92-16)V /
For correctly relating the slope to the resistance 1 point
V =1IR
Vv 1
I=—==-V
R R
slope = 1
PE=R
slope  (0.0164 A/V)
For an answer with correct units consistent with the calculated slope 1 point
R=61Q
Note: linear regression yields a slope of 0.01565 A/V and an answer of
R=639Q
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AP® PHYSICS C - ELECTRICITY AND MAGNETISM
2014 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
(c) 2 points
For substituting the answer from part (b) into a correct equation to solve for R, 1 point
For recognizing that R, and R, are in series 1 point
1,1
1 1 1 1 1
g — = - = 0.0064/Q
R, (RT) (R, + R3) (61Q) (50 Q+50Q) /
R, =156 Q
(d) 2 points
For using a correct equation to solve for I, 1 point
|4
l, = —)
27 R, + R,
Substitute values
I = (12 V)
27 (50Q+50Q)
For a correct answer with units 1 point
I, =012 A
(e) i 1 point
For substituting proper values into a correct equation to solve for I, 1 point
I = vV (12 V)
2" R, B (50 Q)
1, =024 A
ii. 2 points
For selecting “Less than” 1 point
For a correct justification 1 point

Example: After a long time, the capacitor is completely charged and there is no
current in the capacitor branch because the voltage across the capacitor is
equal to the battery voltage, so there is no current through or voltage drop

across R, .
Note: If the wrong choice is selected, then no credit is given .
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AP® PHYSICS C - ELECTRICITY AND MAGNETISM
2014 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
2 points
For selecting “Equal to” 1 point
For a correct justification 1 point
Examples:

Immediately after the switch is closed, the uncharged capacitor has no resistance
to current or it acts like a wire. Therefore it does not affect the current through
R,.

The mathematical calculation in part (e)i does not depend on the value of C so
changing the capacitance has no effect.

Note: If the wrong choice is selected, then no credit can be earned.
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E1 A1

R,=50Q

3 Questions

SECTION 11
Time—45 minutes

ELECTRICITY AND MAGNETISM

DC
Power
Supply

PHYSICS C
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
booklet in the spaces provided after each part.

E&M. 1.

Physics students are analyzing the circuit above. A variable DC power supply is connected to an ammeter and

50 Q , but the resistance of the

third resistor is unknown. The students collect data on the potential difference across the power supply and the

current measured by the ammeter, as follows.

=R3=

three resistors. The resistances of two of the resistors are known to be R,

10
155

138

97

55

2

40

Potential Difference (V)

Current (mA)

(a) On the grid below, plot the data points for the current as a function of the potential difference. Clearly scale

and label all axes, including units if appropriate. Draw a straight line that best represents the data.
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GO ON TO THE NEXT PAGE.
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E1 A2

(b) Using thé straight line from part (a), calculate the total resistance of the three-resistor combination.
Rb_\__{:_—_L\LJG\/-—ov "
S oty C
= 100mA™ o,1A 0,0A

R=600
Tot

(c) Calculate the value of R,.

R,

——

/
B e B ipage Bl B 08
R L
fo \
The power supply is now fixed at 12 V.
(d) Calculate the current through R, .
Bce BB N DY
RT(n' 60 . V
Unauthorized copying or reuse oll
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E1 A3

(e) Resistor 3 is now removed and replaced by an open switch in series with an uncharged 4 nF capacitor, as
shown below. The power supply is still fixed at 12 V.

! R,=50Q
e = :
(A WA—
12VDC g
Power R
Supply ‘2 :

4 nF
e
i
i. Calculate the current in R, immediately after the switch is closed.

I = ,BL . lDL.,
Ko R'), 5607

ii. A long time after the switch is closed, will the magnitude of the current in R, be greater than, less
than, or equal to the current through R, found in part (d) ?

__ Greater than \_/ Less than __Equalto

Justify your answer. .
Once the veltuge Arfterente KCross dhe Fa@mn&?re&ua\g
*l»he, VOH&SC o\“ cer wae( 50‘06)'\)*, ':H\v,'mpoxcﬁor Wm 0\@!" @g

0N open switch (not™ ler eny corredt thouah), Therefore,
R will hove OA of current £lowing Fhriwgh 1¢ 0 wel|
Since WA ™ series i the ‘CO\pMT”r@g

[y e s | GO ON TO THE NEXT PAGE.
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E1 A4

(f) The 4 nF capacitor is replaced with an uncharged 10 nF capacitor. Will the magnitude of the current in R,
immediately after the switch is closed be greater than, less than, or equal to the current in part ()i?

__ Greater than __Less than 3[ Equal to

Justify your answer.

Bp)('ore —H\e Capad%r s-hu/—b S')LOfgf\)g d\ O‘U ‘Q// 'H, )wS no VOHOSQ,
W"P (NCF 0SS \ﬁ’/ and therefore poks like o ‘p]eoe of wirp,,
Differesd- C&yoxc"\f}w&s Lave no ffect 1n the instard sfter
dhe switrh 12 clesed
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SECTION II
Time—45 minutes

()
&

ELECTRICITY AND MAGNETISM

2

40

Power
Supply

PHYSICS C
including units if appropriate. Draw a straight line that best represents the data.

Current (mA)

Potential Difference (V)

(a) On the grid below, plot the data points for the current as a function of the potential difference. Clearly scale
and label all axes, "

three resistors. The resistances of two of the resistors are known to be R, = Ry = 50 Q, but the resistance of the
third resistor is unknown. The students collect data on the potential difference across the power supply and the

Physics students are analyzing the circuit above. A variable DC power supply is connected to an ammeter and
current measured by the ammeter, as follows.

Dix:ections: 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.

E&M. 1.
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E1is2

(b) Using the straight line from part (a), calculate the total resistance of the three-resistor combination.
v

R 2
1

2 _, gI ) S5~ 0.0

[
Z’k: s B e 2 _BINIS ':zg’
1 e
Z"-éS‘.o‘a{ﬂ.

(c) Calculate the value of R,.

(1_ O (S ﬂua
l | I
O+ = e A ek
5 80 ZIAG e‘h) ﬂd ﬂz
leo = £, ) |

/
o A {;:m'

The power supply is now fixed at 12 V.
(d) Calculate the current through R, .

£ 1 V=T R
£.-Son 12=T:s0

024 A= T
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E1 B3

(e) Resistor 3 is now removed and replaced by an open switch in series with an uncharged 4 nF capacitor, as
shown below. The power supply is still fixed at 12 V.

J

R2 = SO“Q

O
12V DC
e | 2R
40F
St

i. Calculate the current in R, immediately after the switch is closed.

; v
V=12 I,z

‘/-&so 12= .50 4—
MM O04A=T

ii. A long time after the switch is closed, will the magnitude of the current in R, be greater than, less
than, or equal to the current through R, found in part (d) ?

X Greaterthan  __Lessthan  __ Equalto

Justify your answer.

A‘ka I Za\j 'Pﬂl‘%op ‘é'hvz, ﬂ"b aﬂvll'vf Is
bravd Yo &31F t+ bere oo Spple Win doe + T
Chegr el tyoreter reddin & Lo oF cgw!librive

Unauthorized copying or reuse of
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E1 B4

(f) The 4 nF capacitor is replaced with an uncharged 10 nF capacitor. Will the magnitude of the current in R,
immediately after the switch is closed be greater than, less than, or equal to the current in part (¢)i?

___ Greater than X Less thdn. __Equalto

Justify your answer.

The sncrease S~ Coppeltom ol Ll et of baim Chey
On  Corms  to Pek 't Rty .M’ T PP as fe

af"ﬂ‘" h’gh.\ ‘/D d"g«
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SECTION I
Time—45 minutes

S
2/

ELECTRICITY AND MAGNETISM

40

Power

Supply

PHYSICS C

Current (mA)

Potential Difference (V)
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three resistors. The resistances of two of the resistors are known to be R, = Ry = 50 Q, but the resistance of the
third resistor is unknown. The students collect data on the potential difference across the power supply and the

Physics students are analyzing the circuit above. A variable DC power supply is connected to an ammeter and
current measured by the ammeter, as follows.

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.

E&M. 1.
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E1C2

(b) Using the straight line from part (a), calculate the total resistance of the three-resistor combination.

)() = 614 M‘S/W“‘

a

et R /UT . 6J~S\p‘\\/0"f‘

i
Hi<
\
-

(c) Calculate the value of R;.
() s
<)

6)\5 ZQSH’ -
=3NS

;

The power supply is now fixed at 12 V.
(d) Calculate the current through R, .

V=7 R
et %

ﬂ@” N=1T &S

o R it
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E1C3

(e) Resistor 3 is now removed and replaced by an open switch in series with an uncharged 4 nF capacitor, as
shown below. The power supply is still fixed at 12 V.

R,=50Q
(A) s
L4 .
12V DC
Power R,
Supply
4 oF
o
-
i. Calculate the currgnt+a~R, immediately after the switch is closed.

er the switch is closed, will the magnitude of the current in R, be éyeater than, less

than, or equal to the current through R, found in part (d) ?
__ Greater than __Less than é Equal to

Justify your answer. (n_e/(‘emw \,JN\]OLC\A’\ 9 U\NJ("LA ohu adwie
o e vt bt gory Shoan gy nw
e, o5 in ged)

ii. A long time &

Unauthorized copying or reuse of
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E1 C4

(f) The 4 nF capacitor is replaced with an uncharged 10 nF capacitor. Will the magnitude of the current in R,
immediately after the switch is closed be greater than, less than, or equal to the current in part (€)i?

__ Greater than X Less than __Equal to

Cw\rf/\hrvﬂlbe R m
Copriet Ut ordtn o W)
Msw allorVess  Gorrent Yo 9 o
2,
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2014 SCORING COMMENTARY

Question 1
Overview

This question involved an experiment where voltage was varied and current was measured. In addition to
assessing data analysis, the question was intended to assess student understanding of RC circuits,
especially the loop rule. It required students to use data to make a graph of current versus voltage to
determine resistance, to solve a few simple loop rule questions, and then to answer and justify questions
about capacitor charging behavior.

Sample: E1 A
Score: 15

This response earned full credit in all parts. It also has clear justifications in parts (e)(ii) and (f) that identify
the physical reasons why a capacitor acts like an open or a short circuit.

Sample: E1 B
Score: 9

This response earned full credit in parts (a) and (b). Since the best fit line was drawn through two original
data points, those points are acceptable to use to calculate the slope. Part (c) also earned full credit, even
though the final answer was incorrect, since the points were awarded for understanding the correct
procedure and not the final answer. Part (d) earned no credit. Part (e)(i) earned full credit, but parts (e)(ii)
and (f) earned zero points because the selections were incorrect.

Sample: E1 C
Score: b

This response earned full credit in part (a). Part (b) lost 1 point because the final answer has no units. In
part (c) the calculation treats R, and R; as if they were in parallel and then treats their sum as if it was in

series with R;, so no points were earned. In part (d) the response does not include both R, and R;, and no

points were earned. No credit was earned for parts (e) or (f).
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