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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Question 3

15 points total Distribution of points
@) 4 points

Using the expression for the magnitude of the induced emf
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el |-

For recognizing that the area is constant in time 1 point
_ AldB

£l= A%

For correctly taking the time derivative of the magnetic field 1 point

dB| d _

E‘ = dt(at+b)— a

For a correct expression for the emf 1 point

For a positive value for the magnitude of the emf 1 point

lg| = al?

(b)
(i) 2 points

The resistors are in series, so the total current flows through both of them.
= £

Rt
For correctly calculating the resistance of the two resistors in series 1 point
Ra = 2R = 2R
For correctly substituting the value of the emf from part (a) 1 point
al?

'=2R,

Alternate solution: Alternate Points
1, = £2
, =22
R,
The resistors have equal resistance, so the emf across each is half the total emf.
For correctly substituting the emf across bulb 2, consistent with the answer to part (a) 1 point

I (aL2/2)

> R
For correctly substituting the resistance of bulb 2 1 point
| (a%/2) _ ar

> R 2R
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Question 3 (continued)

Distribution of points

(b) (continued)
(i) 1 point
L ——
X X X X
X X X X
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X X X X
For indicating that current flows upward in bulb 2 or counterclockwise around the loop 1 point
© 2 points
2 2
R=1M = 1R =V?/R
For substituting one correct value into one of the above expressions 1 point
For substituting a second correct value in the chosen expression 1 point
2 2
_(aL?)(a? _(aL? REE
P_(—ZRO](T} OR P_(—ZRO RR OR P=|=| /R
P = a’L*/4R,
(d) 4 points
For indicating that bulb 1 is brighter 1 point
For any indication that the emf is the same as in the original circuit (since there is no 1 point
flux through the added loop)
For stating that adding a bulb in parallel with bulb 2 decreases the overall resistance of 1 point
the circuit
For stating that decreasing the overall resistance increases the overall current, which is 1 point
equal to the current in bulb 1
(e) 2 points
For indicating that bulb 1 is the same brightness as in the original circuit 1 point
For a complete and correct justification 1 point
Examples:

Since each loop has half the area, each has half the original emf. But each also has
half the resistance. This means the current and thus the power in bulb 1 is the same.

The two loops are essentially identical. Separately, the flux through each loop would
create an emf that is counterclockwise. Since these emfs are in opposite directions
in the central wire, the net effect is that there is no emf in that wire. Therefore the
situation is equivalent to the original one.
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E&M. 3.

A square conducting loop of side L contains two identical lightbulbs, 1 and 2, as shown above. There is a
magnetic field directed into the page in the region inside the loop with magnitude as a function of time 7 given by
B(t) = at + b, where a and b are positive constants. The lightbulbs each have constant resistance R, .Express

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

(a) Derive an expression for the magnitude of the emf generated in the loop.

£- 4858 - Calen) - [Ca

(b)

i. Determine an expression for the current through bulb 2.

. £ [ &as
T | 2N

ii. Indicate on the diagram above the direction of the current through bulb 2.

Len 'Z‘S Law
(c) Derive an expression for the power dissipated in bulb 1.

p=TR = (29.) T;EE?%
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Another identical bulb 3 is now connected in parallel with bulb 2, but it is entirely outside the magnetic field, as
shown below.

p——L——
X X X X
X X X X
OO O
X b ¢ X X

(d) How dogs the brightness of bulb 1 compare to what it was in the previous circuit?
\/” Brighter Dimmer The same

Justify your answer.

Shee the ana eaclosed is the
also  the ame, Howeve, the additon of Lulb 3 reduces the resitance

oF The unuif', 0 T-,- nereases. This means P, Increases as -...dl)
raishy the lﬂ}'ﬂm of the bulb,

sume, the EMF ?mmhal is

Now the portion of the circuit containing bulb 3 is removed, and a wire is added to connect the midpoints of the
top and bottom of the original loop, as shown below.

| L—
X X |X X
X X | X X
ON NGO
X X | X X

(e) How does the brightness of bulb 1 compare to what it was in the first circuit?
Brighter Dimmer /The same

Justify your answer.

The areas enclosed by each of the two t.ohduch? [oops
e Malf e jnial area, So the EMF geaemfed i also
hatF ({:ﬁ:—fé)‘ However, the Nfif',‘ﬂr[:e in  each [ooP is

uf :

alse  halved, Because I=%, the turreat ‘Hm:u?k bulb 1

I the come, o the pover” (.P-'—I‘l) i The same as well,
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E&M. 3.

A square conducting loop of side L contains two identical ligh'tbulbs, 1 and 2, as shown above. There is a
magnetic field directed into the page in the region inside the loop with magnitude as a function of time ¢ given by
B(t) = at + b, where a and b are positive constants. The lightbulbs each have constant resistance R;,. Express

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

(a) Derive an expression for the magnitude of the emf generated in the loop.
YV = d o e A 0 g =
- —_— = —_ O—l
dt dt

(b)
i. Determine an expression for the current through bulb 2.

The fbulbs oxe conmected n Suie&.mecﬂere, the
equivalent  resistome R% =2 Ro.
qup*—" ﬁ%’ %ZL;O_ ; cnrrent s wil’g"{kﬂ’"‘“&"’" the foulbs
are “UEsrert. The cument tho Gl 2

w
ii. Indicate on the diagram above the direction of the current through bulb 2. ﬂf/«“a-ﬂé eq, = {LR%— A

(c) Derive an expression for the power dissipated in bulb 1.

P=Tv- L. (al2)” a®ld

Ro Ro Ro
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Another identical bulb 3 is now connected in parallel with bulb 2, but it is entirely outside the magngc k%l@as
shown below.

e —
X X X x
X X X b 4
OO O
X X X X

(d) How does the brightness of bulb 1 compare to what it was in the previous circuit?
Brighter Dimmer N/ The same

Justify your answer. _ |
CLL((‘GM'L‘ S ‘mdMu.c] o'r\«% on the f‘;.:-rf--l.—uon # +the ‘ 6&(
which s IW @d +the dﬂo:m%m@. ’Maﬁ'ne{"f— ﬁq{ﬂr
No wwrrent d%ws H‘W% *G—u.ﬂfﬁ’ 3, So o cbric
enecgy s lost o 3.

Now the portion of the circuit containing bulb 3 is removed, and a wire is added to connect the midpoints of the
top and bottom of the original loop, as shown below.

————
X X |X X
X X | X X
ONLIE NGO
X X |X X

(e) How does the brightness of bulb 1 compare to what it was in the first circuit?
Brighter Dimmer Y The same

Justify your answer.

'15 we consider the foop as | two Seperate
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12
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E&M. 3.

A square conducting loop of side L contains two identical lightbulbs, 1 and 2, as shown above. There is a
magnetic field directed into the page in the region inside the loop with magnitude as a function of time ¢ given by

B(t) = at + b, where a and b are positive constants. The lightbulbs each have constant resistance R, . Express
all answers in terms of the given quantities and fundamental constants.

(a) Deriﬁ__ an expression for the magnitude of the emf generated in the loop.
0=Fn dp=eh=(ed)d
d¥ [} =
g; N 0[{:6 %—-’E"‘ = (Ll)(‘ﬂ €= -La |
t

(b)
i. Determine an expression for the current through bulb 2.
\=T#
o Ll.o‘_: Ip’o T
1= "%,

ii. Indicate on the dlagram above the d‘}reclmn of the current through bulb 2.

(¢) Derive an expression for the power dissipated in bulb 1.

piv  lp=b= i
‘:—IE \ P—"
1=V

o=Vl
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Another identical bulb 3 is now connected in parallel with bulb 2, but it is entirely outside the magnetic field, as
shown below.

(d) How does the brightness of bulb 1 compare to what it was in the previous circuit?
Brighter _A_ Dimmer The same

Justify your answer. | Iq-; —_—Ll \-'szg-'lz
T‘\L ok will AW b 3‘;,[‘\;/ be howern
2 bukbs it % 9.

Now the portion of the circuit containing bulb 3 is removed, and a wire is added to connect the midpoints of the
top and bottom of the original loop, as shown below.

[ L |
X X X
X X X X
CDxBx xBx@) -
X X X X

(e) How does the brightness of bulb 1 compare to what it was in the first circuit?

Brighter Dimmer >q - The same

Justify your answer.
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Question 3
Overview

This question assessed students’ understanding of induced emf and its effect in various circuits. Some
parts of the problem also assessed students’ mastery of simple circuits.

Sample: CE-3A
Score: 15

This response earned the maximum number of points and has nice explanations for parts (d) and (e).

Sample: CE-3B
Score: 10

The response earned 4 points in part (a) and 3 points in part (b). There is a nice explanation in part (b). In
part (c) the student does not account for the fact that only half the voltage is across bulb 1, so 1 point was lost.
No points were earned for part (d). Part (e) is also very nicely written and earned both points.

Sample: CE-3C
Score: 7

The answer in part (a) should be positive, so 1 point was lost. In part (b) the direction of the current is correct,
but the incorrect resistance is used, so again 1 point was lost. In part (c) the student does not account for the
fact that only half the voltage is across bulb 1 and earned only 1 point. Part (d) earned no points, and part (e)
earned 1 point for checking “The same.”
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