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PHYSICS C 19

Section IT, ELECTRICITY AND MAGNETISM
Time—45 minutes

3 Questions
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, NOT in the green insert.

y (m)

0.14

0.081

0.06+

0.041

0.024

E&M. 1.
Consider the electric field diagram above.

(a) Points A, B, and C are all locatedat y = 0.06 m .

i. At which of these three points is the magnitude of the electric field the greatest? Justify your answer.
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ii. At which of these three points is the electric potential the greatest? Justify your answer.
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GO ON TO THE NEXT PAGE.
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(b) An electron is released from rest at point B.

i. Qualitatively describe the electron’s motion in terms of direction, speed, and acceleration.
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ii. Calculate the electron’s speed after it has moved through a potential difference of 10 V.
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(c) Points B and C are separated by a potential difference of 20 V. Estimate the magnitude of the electric field
midway between them and state any assumptions that you make.
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(d) On the diagram, draw an eqmpotentlal line that passes through point D and intersects at least three electric
field lines.

GO ON TO THE NEXT PAGE.
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- PHYSICS C B

Section I, ‘ELECTRICITY'AND MAGNETISM
Time—45 minutes

3 Questions

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, NOT in the green insert.

[
0.1

0.08

0.06-

0.041

0.024

E&M. 1.
Consider the electric field diagram above.

(a) ‘Points A, B, and C are all located at y=006m.

i. At which of these three points is the magnitude of the electric field the greatest? Justify your answer.
By Inspection, the electnic field lines af C is_
sk dense . . the maghibude of the eleckric

fleld s 9r00~’ccsjc ot C -

ii. At which of these three points is the electric potential the greatest? Justify your answer.
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GO ON TO THE NEXT PAGE.
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(b) An electron is released from rest at point B. 1

i. Qualitatively describe the electron’s motion in terms of direction, speed, and acceleration.

The cleckron will be accelerated Jcowo\rds East
ot o stroight line. The accelerakion Thcreases

as It moves and so does u‘cs specd |

ii. Calculate the electron’s speed after it has moved through a potential difference of 10 V.

Aq\ll = AUE = Z’h’\\/
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(c) Points B and C are separated by a potential difference of 20 V. Estimate the magnitude of the electric field
midway between them and state any assumptions that you make.

A that the other charges and the external
6\&5:1%,m1g?gld O}’\\O\S r\% eff éd: W\cpﬂ\t field 15 unifom,
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(d) On the diagram, draw an eqmpotenual line that passes through point D and intersects at least three electric
field lines.

GO ON TO THE NEXT PAGE.
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Section II, ELECTRICITY AND MAGNETISM
Time—45 minutes

3 Questions
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, NOT in the green insert.
y (m)
i

0.11

0.08+

0.06+

0.041

0.02+

E&M. 1.
Consider the electric field diagram above.

(a) Points A, B, and C are all located at y = 0.06 m .

i. At which of these three points is fhe magnitude of the electric field the greatest?' Justify your answer.

Q \)\C« E \\neo O AOSY ngﬂ\‘\u‘

ii. At which of these three points is the electric potential the greatest? Justify your answer.
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GO ON TO THE NEXT PAGE.
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(b) An electron is released from rest at point B.

i. Qualitatively describe the electron’s motion in terms of direction, speed, and acceleration.
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ii. Calculate the electron’s speed after it has moved through a potential difference of 10 V.
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(c) Points B and C are separated by a potential difference of 20 V. Estimate the magnitude of the electric field
midway between them and state any assumptions that you make.
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(d) On the diagram, draw an equipotential line that passes through point D and intersects at least three electric
field lines.

GO ON TO THE NEXT PAGE.
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E&M. 2.

In the circuit shown above, resistors 1 and 2 of resistance R; and R, , respectively, and an inductor of

inductance L are connected to a battery of emf € and a switch S. The switch is closed at time ¢ = 0.
‘Express all algebraic answers in terms of the given quantities and fundamental constants.

(a) Determine the current through resistor 1 immediately after the switch is closed.

{L‘i; &, *QL

V=T £
L= Ty A

(b) Determine the magnitude of the initial rate of change of current, dI/dt, in the inductor.

E=-13L
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L

GO ON TO THE NEXT PAGE.
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(c) Determine the current through the battery a long time after the switch has been closed.

V=R

=% A

(d) 'On the axes below, sketch a graph of the current through the battery as a function of time.

Current

£, _t

»Time

Some time after steady state has been reached, the switch is opened.

(¢) Determine the voltage across resistor 2 just after the switch has been opened.
ﬂ
V=T

\/:(%}LL v

GO ON TO THE NEXT PAGE.
-15-

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



EEEEEEEEEEEEEEEEE
—e AN, ZB

S R,
E= Ry L

E&M. 2.

In the circuit shown above, resistors 1 and 2 of resistance R; and R, , respectively, and an inductor of

inductance L are connected to a battery of emf € and a switch S. The switch is closed at time ¢ = 0.
Express all algebraic answers in terms of the given quantities and fundamental constants.

(a) Determine the current through resistor 1 immediately after the switch is closed.

Trdacter 00FS 05 0 Resistor.

£=Tt+R )

GO ON TO THE NEXT PAGE.
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(c) Determine the current through the battery a long time after the switch has been closed.

— . P r
_j,m)udo Qcts as (,J;Q;,

2t of o resiscarce.
é =T 2(

(d) On the axes below, sketch a graph of the current through the battery as a function of time.

Current
i

- — — -

bt s e S

0 »Time

Some time after steady state has been reached, the switch is opened.

(e) Determine the voltage across resistor 2 just after the switch has been opened.
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GO ON TO THE NEXT PAGE.
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E&M.2. | |

In the circuit shown above, resistors 1 and 2 of resistance R, and R, , respectively, and an inductor of
inductance L are connected to a battery of emf £ and a switch S. The switch is closed at time ¢ = 0.
Express all algebraic answers in terms of the given quantities and fundamental constants.

(a) Determine the current through resistor 1 immediately after the switch is closed.
R L. +R
eq { k2
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GO ON TO THE NEXT PAGE.
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(¢) Determine the current through the béttery a long time e1; the switch has been closed. = - z C

(d) On the axes below, sketch a graph of the current through the battery as a fl{{lfﬁon of time, ™~

Current
[

To- = =
/ +Time

Some time after steady state has been reached, the switch is opened.
(e) Determine the valtage aerossTesistor 2 just after the switch has been opgned.

E- TR = Vie
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o

GO ON TO THE NEXT PAGE.
-15-

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



EEEEEEEEEEEEEEEEEM

P

(nnnnunnvunu Ve

Ll

............................................................

|o°m1o 20 30 40 50 60 70 80 90 100

E&M. 3.

A student performs an experiment to measure the magnetic field along the axis of the long, 100-turn
solenoid PQ shown above. She connects ends P and Q of the solenoid to a variable power supply and

an ammeter as shown. End P of the solenoid is taped at the 0 cm mark of a meterstick. The solenoid can be
stretched so that the position of end Q can be varied. The student then positions a Hall probe” in the center
of the solenoid to measure the magnetic field along its axis. She measures the field for a fixed current of
3.0 A and various positions of the end Q. The data she obtains are shown below.

Trial | Position of End Q | Measured Magnetic Field (T) n
(cm) (directed from P to Q) (turns/m)
1 40 9.70 x107* 250
2 50 7.70 x 107~ 200
3 60 6.80 x 107 \ (77
4 80 490x107* 125
5 100 4.00%107* /0

(a) Complete the last column of the table above by calculating the number of turns per meter.

0o doens
?bz\-‘ﬁ,m of Trd O

10 -~ 5any 5 200 .o .
WH ’
100 _/Q/(}_ = /00
0 %
* A Hall Probe is a device used to measure the magnetic field at a point.
GO ON TO THE NEXT PAGE.
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(b) On the axes below, plot the measured magnetic field B versus n. Draw a best-fit straight line for the data
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(c) From the graph, obtain the value of yuj, the magnetic permeability of vacuum.

(972-2.7)

® .

-
-~

(290 -200)
Hox |

n

(d) Using the theoretical value of y; = 47 X 1077 (Tem)/A , determine the percent error in the experimental
value of x, computed in part (c).

-~
Ve

o

5

(L33 x\g*e = 47w«
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GO ON TO THE NEXT PAGE.
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locmlo 20 30 40 50 60 70 80 90 100
E&M. 3.

A student performs an experiment to measure the magnetic field along the axis of the long, 100-turn
solenoid PQ shown above. She connects ends P and Q of the solenoid to a variable power supply and

an ammeter as shown. End P of the solenoid is taped at the 0 cm mark of a meterstick. The solenoid can be
stretched so that the position of end Q can be varied. The student then positions a Hall probe® in the center
of the solenoid to measure the magnetic field along its axis. She measures the field for a fixed current of
3.0 A and various positions of the end Q. The data she obtains are shown below..

Trial | Position of End Q | Measured Magnetic Field (T) n
(cm) (directed from P to Q) (turns/m)
1 40 9.70 x 10~ 5D
2 30 7.70 x 107 10
3 60 6.80 x 1074 [oF
4 80 4.90 x 107 1.5
5 100 4.00x 107 (00

(a) Complete the last column of the table above by calculating the number of turns per meter.

* A Hall Probe is a device used to measure the magnetic field at a point.

GO ON TO THE NEXT PAGE.
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(b) On the axes below, plot the measured magnetic field B versus n. Draw a best-fit straight line for the data
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(c) From the graph, obtain the value of u,, the magnetic permeability of vacuum.

nL
5
Ln

2=
N,

= %] A0

e

47 x 1077 (Tem)/A , determine the percent error in the experimental

(d) Using the theoretical value of 4,

value of u, computed in part (c).
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GO ON TO THE NEXT PAGE.
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E&M. 3.

A student performs an experiment to measure the magnetic field along the axis of the long, 100-turn
solenoid PQ shown above. She connects ends P and Q of the solenoid to a variable power supply and

an ammeter as shown. End P of the solenoid is taped at the 0 cm mark of a meterstick. The solenoid can be
stretched so that the position of end Q can be varied. The student then positions a Hall probe” in the center
of the solenoid to measure the magnetic field along its axis. She measures the field for a fixed current of
3.0 A and various positions of the end Q. The data she obtains are shown below.

Hall Probe |<
and Meter

Tem
0 10 20 30 40 50 60 70 80 90 100

Position of End QO

Trial Measured Magnetic Field (T) n
(cm) (directed from P to Q) (turns/m)
1 40 9.70 x 107
2 50 7.70 x 107
3 60 6.80 x 107
4 80 490 x 107
3 100 4.00 x 107

(a) Complete the last column of the table

Bz pnl

) 4 B

B

R

T

A

amﬁlwlmgm.mbm{ turns per meter.
Trsatl i i

n torns !

s \ e e e i s gt e

* A Hall Probe is a device used to measure the magnetic field at a point.
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(b) On the axes below, plot the measured magnetic field B versus n. Draw a best-fit straight line for the data

points.
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(c) From the graph, obtain the value of 4, the magngtic permeability of vacuum.

(d) Using the theoreticél .value of u,

4z x 1077 (Tem)/A , determine the percent error in the experimental
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