AP® PHYSICS B (Form B)
2007 SCORING GUIDELINES

General Notes About 2007 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 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 and 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/ s>, but use of

10 rn/ s? 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 3
15 points total
3 points
For a statement of Ohm’s law, recognizing that 7. = 0
V =1IR
For the calculation of the total resistance
Ry = 1000 Q + 500 Q = 1500 Q
For the correct answer, including units
_ 12V -3
1_—15009 =80x107 A
1000 Q
L“@"/‘
12V :;-r:‘: 500 Q —— 30x 10°F
(M 2 points
For the ammeter in series anywhere in the circuit except the capacitor branch
(i) 2 points
For the voltmeter in parallel across the 1000 Q resistor
3 points

(©)

For a correct equation relating the charge, voltage, and capacitance

o=cv,orc=2
VC

For recognizing that the voltage drop across the capacitor is the same as the voltage drop
across the 500 Q resistor

Ve = IRy = (8.0 107> A)(500 Q) = 4.0 V
For the correct answer with the correct units
0 =(30x 10 F)(40 V)

0=12x10"*C
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AP® PHYSICS B
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Question 3 (continued)

Distribution
of points
(d) 2 points
For a correct equation for the power dissipated 1 point
2
P = I’Ryggy or Vigool or o0
1000
Calculation for the second two relationships
Vigoo = IRigpo = (8:0 X107 A)(1000 Q) = 8.0 V
For the correct substitutions 1 point
2
_ e (80 V)
P =(8.0x107 A) (1000 Q) or (8.0 V)(8.0x107* A) or 0000
P=64x107W
e 3 points
For choosing “Larger” 1 point
For correct justification in words or with numerical example. For example: 2 points

“Replacing the 500 Q resistor with a larger resistor lowers the steady state current,
causing the voltage across the 1000 Q resistor to decrease and the voltage across
the replacement resistor to increase.” (1 point)

“The capacitor is in parallel with the replacement resistor, and so its voltage increases
and therefore its charge increases since Q = CV .” (1 point)
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B3A

1000 Q2
M

v =" 500 Q 30 x 10F

3. (15 points)
In the circuit above, a 12.0 V battery is connected to two resistors, one of resistance 1000 & and the other of

resistance 500 2. A capacitor with a capacitance of 30 x 1078 F is connected in parallel with the 500 Q
resistor. The circuit has been connected for a long time, and all currents have reached their steady states.

(a) Calculate the current in the 500 Q resistor. Ve TR
stu = P "'?z -
\2v = T (ivoos)
Bt = locofL + SoosL
I =o0.008A

B'r = Soo L2
ISQ.«'Q; = (OMS'\'Lu“‘

(b

i. Draw an ammeter in the circuit abovc in a location such that it could measure the current in the 500 Q

resistor. Use the symbol @ to mdncate the ammeter.

ii. Draw a voltmeter in the circuit above in a location such that it could measure the voltage across the

1000 2 resistor. Use the symbol to indicate the voltmeter.

(¢) Calculate the charge stored on the capacitor.

<;=_31 &=V
V=R
Vo\—laﬁqu‘n- - Qooo_r?.)(o-oosl\)
V - gv

Vetbnge go g = 12V -8V = 4V

Ve tonsbmnd in permilel Greaid
\/5°°—“-- = 4V = \/C,a?cuﬁ«-hvr

R =CV
Croxip*eY(4V)

& - [ 2x107%C
GO ON TO THE NEXT PAGE.
-8-
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B3A

{d) Calculate the power dissipated in the 1000 Q2 resistor.
P-1Iv = I°R V=R
Y= 0.008A
R = toooSL
P= (0. oot A)? ((ooo.:z_\
Pr O.0bu W

(e) The capacitor is now discharged, and the 500 £ resisior is removed and replaced by a resistor of greater
resistance. The circuit is reconnected, and currents are again allowed to come to their steady-state values. Is
the charge now stored on the capacitor larger, smaller, or the same as j1 was in part (c)?

V  Larger Smaller The same as
Justify your answer.

C\Awsep\ S“""*\ Qw CQ?cu'.‘.'hw L4 cbiuu-\ \9-3':

R=Cv
T resiktov a,JJeol il vesult i & %veak:v ozl
Yesistomer & Flw Civeryd Conee

?—QM\CQ = ?\ + .P'Z
Tuis  twcremse ?‘\’ e decvease T \’uuv\i,,«.g Tw g (ivr.u'&l

Sache Haat I < o.008A

VerR \/\ooo_m = Cloc>c:..§13(.7y,\j s0 Vi oo il decieace -
Since Vsoasy T 12V = Vicoon. Hazn

Vgobﬁ W.‘“ ’\V\-CVQHS.Q

V i povaliel 5 Hee sawe, fo Vewees cagaiter = Vo

I4 ®&=CV awd V iatreaseg, Alan B mlveates

GO ON TO THE NEXT PAGE.
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nrv=" 5000 J

=" ST

— 30x 10°F

3. (15 points)
In the circuit above, a 12.0 V battery is connected to two resistors, one of resistance 1000 Q and the other of

resistance 500 Q. A capacitor with a capacitance of 30 x 107 F is connected in paralle] with the 500 Q
resistor. The circuit has been connected for a long time, and all currents have reached their steady states.

(a) Calculate the current in the 500 § resistor.

— v fa vV
1=z &5 = —— T y00 &
& (oo 4o S ' A
= x0T A

(b)
i. Draw an ammeter in the circuit above in a location such that it could measure the current in the 500 Q

resistor. Use the symbol @ to indicate the ammeter.

ii. Draw a voltmeter in the circuit above in a location such that it could measure the voltage across the

1000 Q resistor. Use the symbol @ to indicate the voltmeter.

(c) Calculate the charge stored on the capacitor.

@Q=CV =(3oxigrb)F x 12V

= 0036 C
= ;’.fxlo""(y
GO ON TO THE NEXT PAGE.
-8-
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B3B

(d) Calculate the power dissipated in the 1000 Q resistor.

P=yI=T7% r(@xm”v‘)z)(low
| > p, 064 W
= 64Xl W

(¢) The capacitor is now discharged, and the 500 Q resistor is removed and replaced by a resistor of greater
resistance. The circuit is reconnected, and currents are again allowed to come to their steady-state values. Is
the charge now stored on the capacitor larger, smaller, or the same as it was in part (¢)?

Larger Smaller \/ The same as

Justify your answer.

Q= CV, howerr,
n Hag s +uqf'€xc>~r\) C = @, -% s*«%s e Someg
Mined ‘\i’ swhien 8 ewnd o e v tk;"*ﬁ vern o &

12V,  As & reeuls, e cuarge  gaags AL SAME,

GO ON TO THE NEXT PAGE.
-9-
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B3C

1000 £2

nv="r 5oon§ —— 30x 10°F

[N
) -

3. (15 points)
In the circuit above, a 12.0 V battery is connected to two resistors, one of resistance 1000 Q and the other of

resistance 500 Q . A capacitor with a capacitance of 30 x 107 F is connected in parallel with the S00 Q
resistor. The circuit has been connected for a long time, and all currents have reached their steady states.

(a) Calculate the current in the 500 Q resistor.
o
\\ \//
— = -'é X =500

(b)
i. Draw an ammeter in the circuit above in a location such that it could measure the current in the 500 Q

resistor. Use the symbol @ to indicate the ammeter.

ii. Draw a voltmeter in the circuit above in a location such that it could measure the voltage across the
1000 Q resistor. Use the symbol @ to indicate the voltmeter.

(c) Calculate the charge stored on the capacitor.

Q- Q=boxist e

GO ON TO THE NEXT PAGE.
-B-
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(d) Calculate the power dissipated in the 1000 Q resistor.

2..--,\1 \k\! - _Q\.}A
PTIN e

T= %
® ?;\;6\15\ V3

MM

(e) The capacitor is now discharged, and the 500 Q resistor is removed and replaced by a resistor of greater
resistance. The circuit is reconnected, and cumrents are again allowed to come to their steady-state values. Is
the charge now stored on the capacitor larger, smailer, or the same as it was in part (¢)?

Larger Smailer _\_Z_ The same as
Justify your answer,

e Ywe ~or

GO ON TO THE NEXT PAGE.
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AP® PHYSICS B
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Question 3

Sample: B3A
Score: 13

The only deduction in this otherwise well-written response was the loss of 2 points for the incorrect placement of the
voltmeter in the circuit. The justification in part (¢) is especially detailed and complete.

Sample: B3B
Score: 10

This response received full credit for parts (a) and (b) but only 1 point for the correct equation in part (c). Part (d)
received full credit, but part (e) received no credit for an incorrectly checked space and incorrect reasoning.

Sample: B3C
Score: 5

Part (a) received only 1 point for the correct statement of Ohm’s law but nothing more because the total resistance
is incorrect. Part (b)(i) received 2 points full credit because the ammeter, while not placed in the same branch as
the 500 ohm resistor, does correctly measure the current for the steady state condition specified. The voltmeter is
incorrectly placed, so part (b)(ii) earned no credit. Parts (c) and (d) only received 1 point each for correct
equations; the substitutions are incorrect. Part (e) received no credit.
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