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TABLE OF INFORMATION FOR 2008 and 2009

CONSTANTS AND CONVERSION FACTORS

Proton mass, m

Neutron mass, m, = 1.67 X 1077 kg

p

= 1.67 x 107 kg Electron charge magnitude, e=1.60x10"" C

1 electron volt, 1 eV =1.60 x 107 ]

Electron mass, m, = 9.11 x 107! kg Speed of light, c=3.00x10% m/s
, _ 23 1 Universal gravitational _ 11 3 2
Avogadro’s number, N, = 6.02 x 10~ mol constant, G=667x10"" m /kg-s
. _ Acceleration due to gravity _ 2
Universal gas constant, R = 8.31 J/(mol.K) at Earth’s surface, & = 98 m/s
Boltzmann’s constant, k, =1.38 X 1075 J/K
1 unified atomic mass unit, lu=166x10" kg = 931 MeV/c?
Planck’s constant, h=663x107%J.s = 4.14 x 107" eV.s
he =1.99 x 107 Jom = 1.24 x 10’ eV.nm
Vacuum permittivity, € =8.85x 10712 ¢? / N.m?
Coulomb’s law constant, k = 1/4z¢, = 9.0 x 10’ N.m?/C?
Vacuum permeability, Uy = 4m X 107’ (T-m)/A
Magnetic constant, k’ = u, /47 =107 (T-m)/A
1 atmosphere pressure, latm = 1.0 x 10° N/m2 =1.0x10° Pa
meter, m mole, mol watt, \\% farad, F
UNIT kilogram, kg hertz, Hz coulomb, C tesla, T
SYMBOLS second, S newton, N volt, \Y degree Celsius, C
ampere, A pascal, Pa ohm, Q electron-volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor  Prefix = Symbol 0 ) 30° 37° 45° 53° 60° 90°
10° giga G sin@ 0 1/2 35 | V32 | 45 | B2 ]
10°  mega M cos6 1 VB2 | 45 | V22| 35 | 12 0
103 kilo k tan @ 0 | V3/3 | 3/4 1 4/3 V3 o0
1072 centi c
5 " The following conventions are used in this exam.
10 i m I. Unless otherwise stated, the frame of reference of any problem is
1070 micro u assumed to be inertial.
-9 II. The direction of any electric current is the direction of flow of positive
10 nano n .
_ charge (conventional current).
10712 p1co P III. For any isolated electric charge, the electric potential is defined as zero at

an infinite distance from the charge.




ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2008 and 2009

MECHANICS
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= acceleration

= force

= frequency

= height

= rotational inertia
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= length
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ELECTRICITY AND MAGNETISM
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ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2008 and 2009

GEOMETRY AND TRIGONOMETRY

Rectangle A = area
A = bh C = circumference
Triangle V= volume
S = surface area
A= lbh b = base
2 h = height
Circle ¢ = length
A = 72 w = width
r = radius
C =2nr
Parallelepiped
V = twh
Cylinder
V = ar’t
S = 2xrl + 2nr?
Sphere
V = %75}"3
S =4znr?
Right Triangle
a’ +b* =¢?
. a
sinf = - c ;
b 0 902
0==
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tan@ = —
an b

CALCULUS
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2008 AP° PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS

PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION 11
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 the
pink booklet in the spaces provided after each part, NOT in this green insert.

E&M. 1.

A metal sphere of radius a contains a charge +Q and is surrounded by an uncharged, concentric, metallic shell
of inner radius » and outer radius c, as shown above. Express all algebraic answers in terms of the given
quantities and fundamental constants.

(a) Determine the induced charge on each of the following and explain your reasoning in each case.
i. The inner surface of the metallic shell
ii. The outer surface of the metallic shell

(b) Determine expressions for the magnitude of the electric field E as a function of r, the distance from the
center of the inner sphere, in each of the following regions.

1. r<a
. a<r<b
. b<r<c

iv. ¢c<r
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2008 AP° PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS

(c) On the axes below, sketch a graph of E as a function of r.
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0 a b ¢
(d) An electron of mass m, carrying a charge —e is released from rest at a very large distance from the spheres.

Derive an expression for the speed of the particle at a distance 107 from the center of the spheres.
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2008 AP° PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS

R, =200 Q
MWV

S L

E=1500V = § R,=300Q R,=100Q
A

IB

In the circuit shown above, A and B are terminals to which different circuit components can be connected.

E&M. 2.

(a) Calculate the potential difference across R, immediately after the switch § is closed in each of the
following cases.

i. A 50 Q resistor connects A and B.
ii. A 40 mH inductor connects A and B.
iii. An initially uncharged 0.80 UF capacitor connects A and B.
(b) The switch gets closed at time ¢ = 0. On the axes below, sketch the graphs of the current in the 100 Q

resistor R; versus time ¢ for the three cases. Label the graphs R for the resistor, L for the inductor, and
C for the capacitor.

!
A
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2008 AP° PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS

< & >

Figure 1

~ Y

E&M. 3.

The circular loop of wire in Figure 1 above has a radius of R and carries a current 1. Point P is a distance of R/2

above the center of the loop. Express algebraic answers to parts (a) and (b) in terms of R, I, and fundamental
constants.

(a)

i. State the direction of the magnetic field B, at point P due to the current in the loop.

ii. Calculate the magnitude of the magnetic field B, at point P.

- - > <l

—~
~Y

R i
R/2 N
> \ »-
I I
Figure 2 Figure 3

A second identical loop also carrying a current / is added at a distance of R above the first loop, as shown in
Figure 2 above.

(b) Determine the magnitude of the net magnetic field B,,, at point P.

A small square loop of wire in which each side has a length s is now placed at point P with its plane parallel to
the plane of each loop, as shown in Figure 3 above. For parts (c) and (d), assume that the magnetic field between
the two circular loops is uniform in the region of the square loop and has magnitude B,,, .

(c) Intermsof B,, and s, determine the magnetic flux through the square loop.

(d) The square loop is now rotated about an axis in its plane at an angular speed @ . In terms of B

o> S and @,

calculate the induced emf in the loop as a function of time ¢, assuming that the loop is horizontal at ¢ = 0.

END OF EXAM
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