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TABLE OF INFORMATION FOR 2010 and 2011

CONSTANTS AND CONVERSION FACTORS

Proton mass, m,, = 1.67 x 107 kg Electron charge magnitude, e=1.60x10"" 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
N _ 23 1 Universal gravitational _ 113 5
Avogadro’s number, N, = 6.02 X 107 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, 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 = 4.14 x 107 eV.s
he =1.99 x 107 J.m = 1.24 x 10* eVonm
Vacuum permittivity, € =8.85x107"2 C2/N.m?
Coulomb’s law constant, k = 1/47we; = 9.0 x 10° N-mz/C2
Vacuum permeability, to = 47 x 107 (T-m)/A
Magnetic constant, k’ = g, /47 =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 0 0 30° 37° 45° 53° 60° 90°
10° giga G sin@ 0 1/2 35 | \2/2 | 45 | V3)2 1
10° mega M cos 1 32 | 45| 2)2 | 35 1/2 0
10 kilo k tan@ 0 V3/3 | 3/4 1 4/3 V3 oo
1072 centi c
3 . The following conventions are used in this exam.
107~ milli m 1. 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.
IV. For mechanics and thermodynamics equations, W represents the work
done on a system.
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FLUID MECHANICS AND THERMAL PHYSICS

p=mlV
P =P, +pgh
Fhuoy = pVg

A, = A,

P+ pgy+ %pvz

Al = alyAT
kAAT
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L
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p=L
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PV = uRT = Nk,
3
K{lvg = EkBT
_ [BRT _
Ups = 7 -
W = -PAV
AU=0+W
|
On
TH 7TC
e. =
c Ty

= const.

T

A =area

e = efficiency
F =force

h =depth

H = rate of heat transfer
k = thermal conductivity

K= average molecular
kinetic energy

{ =length
L = thickness
m = mass

M = molar mass
n = number of moles
N = number of molecules

P = pressure
Q = heat transferred to a
system

T = temperature

U = internal energy
V = volume

v = velocity or speed

v,,,s = TOOt-mean-square
velocity
W = work done on a system
y = height
a = coefficient of linear
expansion

¢ = mass of molecule
p = density

WAVES AND OPTICS
v=fA d = separation
c f = frequency or
n== focal length
h = height
nysin @ = n, sin6, L = distance
. n, M = magnification
sinf = n, m = an integer
n = index of
1 + 1_1 refraction
s S f R = radius of
I 5. ) curvature
M=-L=__L s = distance
hy o v = speed
R x = position
f= 2 A = wavelength
dsin® = mA 6 = angle
= mAL
m d

NEWTONIAN MECHANICS ELECTRICITY AND MAGNETISM
v=yy +at a = acceleration 1 419, A = area
F = force - dmey 2 B = magnetic field
X = xp + vyt +lmz f = fre'quency F C = c?pacitance
2 h = height E=— d = distance
) ) J = impulse q E = electric field
vi=v +2a(x—x) K = Kinetic energy 1 9% €= emf
k = spring constant Up =qV = dre, r F = force
2F =F,,; = ma ! = length v I = current
F. <uN m = mass E  =-—— ¢ = length
prie = H N = normal force 8 d P = power
112 P = power V= 1 2(]7[ Q = charge
a. = p = momentum - dre, =7, g = point charge
r = radius or distance R = resistance
7 = rF sin T = period C= g r = distance
r = time 4 t = time
p =mv U = potential energy c- €A U = potential (stored) energy
J =FAt = Ap v = velocity or speed T d V = electric potential or
W = work done on a system 1 1 potential difference
K = 1 5 Xx = position U. = EQV = ECVZ v = velocity or speed
) mv u = coefficient of friction p = resistivity
6 = angle - AQ = angle
AU, = mgh w8 At .
T = torque ¢,, = magnetic flux
W = FArcos 6 R = Pt
A
W V =1IR
Pavg = Kt
P=1V
P = Fvcos@ cp = ZCl
i
F, = —kx | |
=y
2 ¢ TG
Ug = ~kx
R =R,
1
m
Tr =2z \/% L = ZL
Rp i Ri
T, =2r |-
P Fy = quBsin@
1 Fg = BI/sin@
T=—
f Hy 1
B=2-0%
2rr
Gmym,
b=~ 2 ¢, = BAcos@
A9,
Us = —Gmr‘mz Eae =" ny
€ = Blv
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ATOMIC AND NUCLEAR PHYSICS

E = hf = pc

Kmax:hf_¢
A=t
p

AE = (Am)c?

E = energy

f = frequency

K = kinetic energy
m = mass

p = momentum

A = wavelength

¢ =work function

GEOMETRY AND TRIGONOMETRY

Rectangle A = area

A =bh C = circumference
Triangle V = volume

A=Lpn S = surface area

' 2 b = base
Circle h = height

A=z’ ¢ = length

C =2nr w = width
Parallelepiped r = radius

V = Iwh
Cylinder

V=l

S =2rrl +27r?
Sphere

V= %ﬂr3

S = 4nr?

Right Triangle

a* + b =c?

sin@ =

cosf =

tanf =

2 ol ol
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PHYSICS B 650 N/m e
SECTION II ’ N 4.0kg 4.0kg
Time—90 minutes O (/A | l_ll T !
7 Questions RN i
"\ !
Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested times \\\ i
are about 17 minutes for answering each of Questions 1-2 and about 11 minutes for answering each of Questions \\ !
3-7. The parts within a question may not have equal weight. Show all your work in the pink booklet in the spaces Nl
provided after each part, NOT in this green insert. i
1 I
—x— | 1.2m | Note: Figure not drawn to scale.
650 N/m | | !
oy 4.0 kg | e . .
T RO o U A (d) Calculate d if x is equal to the value determined in part (c).
| \\\ (e) Consider the system consisting of the spring, the blocks, and the table. How does the total mechanical energy
N E, of the system just before the blocks leave the table compare to the total mechanical energy E, of the
AN system just before block A is released?
0.80 m .
N E, < E; E, = E E, > E,
N\
\If‘“: Justify your answer.
Target

Note: Figure not drawn to scale.
1. (15 points)
Block A of mass 4.0 kg is on a horizontal, frictionless tabletop and is placed against a spring of negligible mass
and spring constant 650 N/m . The other end of the spring is attached to a wall. The block is pushed toward the

wall until the spring has been compressed a distance x, as shown above. The block is released and follows the
trajectory shown, falling 0.80 m vertically and striking a target on the floor that is a horizontal distance of 1.2 m
from the edge of the table. Air resistance is negligible.

(a) Calculate the time elapsed from the instant block A leaves the table to the instant it strikes the floor.

(b) Calculate the speed of the block as it leaves the table.

(c) Calculate the distance x the spring was compressed.

Block B, also of mass 4.0 kg, is now placed at the edge of the table. The spring is again compressed a distance x,
and block A is released. As it nears the end of the table, it instantaneously collides with and sticks to block B.

The blocks follow the trajectory shown in the figure below and strike the floor at a horizontal distance d from the
edge of the table.

© 2010 The College Board. © 2010 The College Board.
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Wy (c) Graph the data on the axes below, plotting the overflow volume as a function of sample mass. Place numbers
and units on both axes. Draw a straight line that best represents the data.

Vo

I A S A i i e R ) R Y R

2. (15 points)
A large pan is filled to the top with oil of density p,, . A plastic cup of mass m, containing a sample of known
mass my, is placed in the oil so that the cup and sample float, as shown above. The oil that overflows from the

pan is collected, and its volume is measured. The procedure is repeated with a variety of samples of different
mass, and the pan is refilled each time.

(a) On the dot below that represents the cup-sample system, draw and label the forces (not components) that act
on the system when it is floating on the surface of the oil.

(b) Derive an expression for the overflow volume V,, (the volume of oil that overflows due to the floating
system) in terms of p,, , mg, me, and fundamental constants. If you need to draw anything other than what

you have shown in part (a) to assist in your solution, use the space below. Do NOT add anything to the
figure in part (a). | | | | | | | | | | | | | i | |

Assume that the following data are obtained for the overflow volume V,, for several sample masses my .

Sample mass myg (kg) 0.020 0.030 0.040 0.050 0.060 0.070 (d) Use the slope of the best-fit line to calculate the density of the oil.

Overflow volume V,, (m®)| 20 % 107 | 38 x 10-° | 54 x 10-° | 62 x 10-° | 76 x 10-° | 84 x 10-6 (e) What is the physical significance of the intercept of your line with the vertical axis?
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=+1.0x10°C 4. (10 points)
Fﬁﬁ\h
' N\

40m - N 1 A locomotive runs on a steam engine with a power output of 4.5 x 10® W and an efficiency of 12 percent.
Rid N3.0m
/// \\ (a) Calculate the rate at which heat is being delivered to the steam engine.
‘ _ 6 éﬁgj— ——————————— §§0f—\ _ 6 X (b) Calculate the magnitude of the resistive forces acting on the locomotive when it is moving with a constant
q|=4.0x10"°C 50m |q)|=1.7x10°C
speed of 7.0 m/s.
3. (10 points) . . . . . .
Suppose the gas in another heat engine follows the simplified path ABCDA in the PV diagram below at a rate of
Three particles are fixed in place in a horizontal plane, as shown in the figure above. Particle 3 at the top of the 4 cycles per second.
triangle has charge g5 of +1.0 X 107 C, and the electrostatic force F on it due to the charge on the two other P (N/m?)
particles is measured to be entirely in the negative x-direction. The magnitude of the charge ¢, on particle 1 is 30 % 105 B C
3.0 x -
known to be 4.0 x 10 C, and the magnitude of the charge g, on particle 2 is known to be 1.7 x 107 C, but 20 % 10°
their signs are not known. '
1.0 X 10° t=--—4 D
(a) Determine the signs of the charges ¢, and ¢, and indicate the correct signs below. 0 ! " ! V (m?)
. . 0.20 040 0.60
q Negative q, Negative
Positive Positive (c)

i. What does the area bounded by path ABCDA represent?
(b) On the diagram below, draw and label arrows to indicate the direction of the force F, exerted by particle 1 .. .
. . . ii. Calculate the power output of the engine.
on particle 3 and the force F, exerted by particle 2 on particle 3.

(d) Indicate below all of the processes during which heat is added to the gas in the heat engine.

RN AB BC cD DA

(c) Calculate the magnitude of F, the electrostatic force on particle 3.
(d) Calculate the magnitude of the electric field at the position of particle 3 due to the other two particles.

(e) On the figure below, draw a small X in the box that is at a position where another positively charged
particle could be fixed in place so that the electrostatic force on particle 3 is zero.

Justify your answer.
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Note: Figure not drawn to scale.

5. (10 points)

As shown above, a beam of red light of wavelength 6.65 x 10~ m in air is incident on a glass prism at an angle
6, with the normal. The glass has index of refraction n = 1.65 for the red light. When 6, = 40°, the beam
emerges on the other side of the prism at an angle 6, = 84°.

(a) Calculate the angle of refraction 6, at the left side of the prism.

(b) Using the same prism, describe a change to the setup that would result in total internal reflection of the beam
at the right side of the prism. Justify your answer.

(c¢) The incident beam is now perpendicular to the surface. The glass is coated with a thin film that has an index
of refraction n, =1.38 to reduce the partial reflection of the beam at this angle.

i. Calculate the wavelength of the red light in the film.

ii. Calculate the minimum thickness of the film for which the intensity of the reflected red ray is near
Zero.

© 2010 The College Board.
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X X X X X X X

1
<-0.20 m—~ Ix x x x x x X
T ! 20T
0.10 m X X X X X X X
‘ !
1
}

+ + + + + + x (m)
) 0.10 020 0.30 0.40 0.50 0.60

o

6. (10 points)

The plastic cart shown in the figure above has mass 2.5 kg and moves with negligible friction on a horizontal
surface. Attached to the cart is a rigid rectangular loop of wire that is 0.10 m by 0.20 m, has resistance 4.0 Q,
and has a mass that is negligible compared to the mass of the cart. The plane of the rectangular loop is parallel to
the plane of the page. A uniform magnetic field of 2.0 T, perpendicular to and directed into the plane of the page,
starts at x = 0, as shown above.

(a) On the figure below, indicate the direction of the induced current in the loop when its front edge is at
x =0.12 m.

o

(b) When the front edge of the rectangular loop is at x = 0.12 m, its speed is 3.0 m/s. Calculate the following
for that instant.

Justify your answer.

i. The magnitude of the induced current in the rectangular loop of wire
ii. The magnitude of the net force on the loop

(c) Atalater time, the cart and loop are completely inside the magnetic field. Determine the magnitude of the
net force on the loop at that time. Justify your answer.
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Light

Electrons

Metal Surface
7. (10 points)

Light of wavelength 400 nm is incident on a metal surface, as shown above. Electrons are ejected from the metal
surface with a maximum kinetic energy of 1.1 X 107 1.

(a) Calculate the frequency of the incoming light.
(b) Calculate the work function of the metal surface.
(c) Calculate the stopping potential for the emitted electrons.

(d) Calculate the momentum of an electron with the maximum kinetic energy.

END OF EXAM
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