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TABLE OF INFORMATION DEVELOPED FOR 2012

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, = 1.67x 1077 kg Electron charge magnitude, e=160x10""C
Neutron mass, m, = 1.67 x 107" kg 1 electron volt, 1 eV = 1.60 x 107 J
Electron mass, m, = 9.11 x 107! kg Speed of light, c=3.00x10° m/s

Avogadro’s number, N, = 6.02 x 10%* mol™! Universal grail(t)?:;[:latl G =6.67x107"" m’/kgs®
Universal gas constant, R =8.31] /(mol.K) Acceleraisgﬁ;ﬁ’?gﬁﬁ;’i}’ g=98 m/ s
Boltzmann’s constant, k, = 1.38 x 107* J/K
1 unified atomic mass unit, lu=1.66x10" kg = 931 MeV/c>
Planck’s constant, h=6.63x107* J.s = 4.14x 107 eV.s
he =1.99 x 107 J.m = 1.24 x 10° eVonm
Vacuum permittivity, € =8.85x 1072 CZ/N-m2
Coulomb’s law constant, k = 1/4re, = 9.0 X 10° N-mz/C2
Vacuum permeability, to = 47 x 1077 (T-m)/A
Magnetic constant, k’ = g,/4z = 1x 107" (T.m)/A
1 atmosphere pressure, latm = 1.0 x 10° N/m* = 1.0 x 10° Pa
meter, m mole, mol watt, N farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
UNIT second. s newton. N volt v degree Celsius °C
SYMBOLS ? ? ? ?
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 2] 0 30° 37° 45° 53° 60° 90°
10° giga G sin@ 0 1/2 35 | V2/2 | 4/5 | V3)2 1
10° mega M cos 1 32| 45| 22 | 35 1/2 0
103 kilo k tan6 0 33 | 3/4 1 4/3 3 oo
1072 centi c
5 . The following conventions are used in this exam.
10 milli m I.  Unless otherwise stated, the frame of reference of any problem is
107 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 pico p III.  For any isolated electric charge, the electric potential is defined as zero at

an infinite distance from the charge.
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GEOMETRY AND TRIGONOMETRY

Rectangle
A =bh
Triangle
1
A= —bh
2
Circle
A=nmr?
C =2nr
Rectangular Solid
V = (wh
Cylinder
V= ari
S = 27rl + 2mr*
Sphere
V= %mﬁ
S = 4’

Right Triangle
2

@ +b=c
sinf@ =

cos =

tan@ =

> ol 0=

A = area

C = circumference
V = volume

S = surface area
b = base

h = height

¢ = length

w = width

r = radius

CALCULUS
4f _dfdu
dx ~ du dx
d ny _ n—1
E(x ) = nx"
d ( x _ x
E(e ) =e
d gL
E(lnx) =
d,. .
e (sinx) = cosx
%(cosx) = —sinx
J.x"a'x S X"z -1

n+1

jexdx =e"
J.ﬂ = In|x|

x

jcosxdx =sinx

jsinxdx = —Cosx

MECHANICS ELECTRICITY AND MAGNETISM
v =1, +at a = acceleration 1 99 A = area
F = force - drey 2 B = magnetic field
X = X0 + Unt + latz f = frequency C = capacitance
ERE ] h = height E-E d = distance
B ) I = rotational inertia q E = electric field
V' =y +2a(x - xo) J = impulse €= emf
K = Kkinetic energy qSE.dA: 9 F = force
XF = F = ma k = spring constant € I = current
d { = length av J = current density
F = 7‘; L = angular momentum E = ~ar L = inductance
m = mass ¢ = length
N = normal force 1 q; n = number of loops of wire
J=[Fdr=n - 4 . ooP
'[ P P = power r 4re, ) 7 per unit length
p=mv p = momentum ! N = number of charge carriers
r = radius or distance I 4919 per unit volume
- i Up =qV = — P = power
Fpie < uN r = position vector drey 1
' T = period 0= Chiilrge
W= JF-dr t = time :Q q = p01'nt charge
U = potential energy 4 R = resistance
1 v = velocity or speed ced r = distance
K =omv W= work done on a system | C TO r = tme
x = position U = potential or stored energy
podw u = coefficient of friction | C, = ¥.C; V'= electric potential
Todt 6 = angle i v = velocity or speed
P Fey * = torque 1 el p = resistivity
o = angular speed C - = C; ¢,, = magnetic flux
AU, = mgh o = angular acceleration k = dielectric constant
¢ = phase angle I = a0
2 ) dt
e ¥, = —k $Bede=pyl
o = —kx cat= U
s u =Ltor=1Lcp? 0
t=rxF | 2 2
U, ==k dB:&Idfxr
Xt=1,y =la 2 R:ﬁ 43
X = Xpax COS(@F + @) 4
I=jr2dm:2mr2 E=pJ F:J’["MXB
2r 1
T==2== B
L, =Smr/Sm a f I = Nev, 4 B = pgnl
cm
v=ro T, =2 V=IR Gy = [Braa
L=rxp=Io 7 R =R _ __4¢,
1, =/l i €= §E-ae=- "
Lo 8 | 1
K = 51 [} 1 vy L dI
R ~ R =4
F, = - Gmlzmz : » (R £ dt
0 =0, +at Po |
= 2
1 U. = _ Gmym, U, = ELI
6:90+w0t+§at2 G r Fy =qvxB
-3-




2013 AP° PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS

PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION II
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.

E&M 1.

A very long, solid, nonconducting cylinder of radius R has a positive charge of uniform volume density p .
A section of the cylinder far from its ends is shown in the diagram above. Let r represent the radial distance from
the axis of the cylinder. Express all answers in terms of r, R, p, and fundamental constants, as appropriate.

(a) Using Gauss’s law, derive an expression for the magnitude of the electric field at a radius » < R. Draw an
appropriate Gaussian surface on the diagram.

(b) Using Gauss’s law, derive an expression for the magnitude of the electric field at a radius r > R.

(c) On the axes below, sketch the graph of electric field E as a function of radial distance r for r =0 to r = 2R.
Explicitly label any intercepts, asymptotes, maxima, or minima with numerical values or algebraic
expressions, as appropriate.

E

~

(d)
i. Derive an expression for the magnitude of the potential difference between r = 0 and r = R.

ii. Is the potential higherat r=0orr=R?
r=0 r=R
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(e) The nonconducting cylinder is replaced with a conducting cylinder of the same shape and same linear charge
density. On the axes below, sketch the electric field E as a function of r for r = 0 to r = 2R. Explicitly label
any intercepts, asymptotes, maxima, or minima with numerical values or algebraic expressions, as
appropriate.

E
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C (c) On the axes below, graph the data from the table that will produce a linear relationship. Clearly scale and
label all axes including units, if appropriate. Draw a straight line that best fits your data points.

A - & Fri--rTa-rTao CTIATCTITCTIOCCTS

R -
8 i
Be——- 10

E&M 2.

LiLlLlLLLIJY

In a lab, you set up a circuit that contains a capacitor C, a resistor R, a switch S, and a power supply, as shown in
the diagram above. The capacitor is initially uncharged. The switch, which is initially open, can be moved to
positions A or B.

(a)

LLlddd

i. Indicate the position to which the switch should be moved to charge the capacitor.
_A _B

ii. On the diagram, draw a voltmeter that is properly connected to the circuit in a manner that will allow

the voltage to be measured across the capacitor. L. . . L.
& P (d) From your line in part (c), obtain the value of the time constant 7 of the circuit.

After a long time you move the switch to discharge the capacitor, and your lab partner starts a stopwatch. You

collect the following measurements of the voltage across the capacitor at various times. ©
i. In the experiment, the capacitor C had a capacitance of 1.50 uF. Calculate an experimental value for
L(s) 6 18 30 42 4 the resistance R.
|442) 252 74 33 10 6

ii. On the axes in part (c), use a dashed line to sketch a possible graph if the capacitance was greater than
1.50 uF but the resistance R was the same. Justify your answer.

You wish to determine the time constant 7z of the circuit from the slope of a linear graph.
(b)

i. Indicate two quantities you would plot to obtain a linear graph.

ii. Use the remaining rows in the table above, as needed, to record any quantities that you indicated that
are not given. Label each row you use and include units.
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X X X X X X X

X X X X
X X
X X
X X X X
X X X X X X X

E&M 3.

The figure above shows a circular loop of area 0.25 m? and resistance 12 Q that lies in the plane of the page.
A magnetic field of magnitude B directed into the page exists in the area of the loop. The field varies with time ¢,
as shown in the graph below.

B(T)
LS\S, = 1.8¢-005
1.2 ;
|
|
0.6+ !
|
|
0 } } } + 1(s)
0 4 8 12 16 18

(a)
i. Derive an expression for the magnitude of the induced emf in the loop as a function of time for the
interval r=0stor=8s.

ii. Calculate the magnitude of the induced current / in the loop at time 1 =4 s.
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(b)
i. Sketch a graph of the induced current / in the loop as a function of time # from r=0sto 7= 18 s on the
axes below, assuming that a counterclockwise (CCW) current is positive.

1(A)

CCW

t(s)

Ccw

ii. For the time interval 12 s to 16 s, justify the direction of the current you have indicated in your graph.

(c) Calculate the total energy dissipated in the loop during the first 8 s shown.

STOP
END OF EXAM
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