ﬁ)ollegeBoard

Advanced Placement
Program

AP® Physics B
2005 Free-Response Questions

The College Board: Connecting Students to College Success

The College Board is a not-for-profit membership association whose mission is to connect students to college success and
opportunity. Founded in 1900, the association is composed of more than 4,700 schools, colleges, universities, and other
educational organizations. Each year, the College Board serves over three and a half million students and their parents, 23,000
high schools, and 3,500 colleges through major programs and services in college admissions, guidance, assessment, financial aid,
enrollment, and teaching and learning. Among its best-known programs are the SAT®, the PSAT/NMSQT®, and the Advanced
Placement Program® (AP®). The College Board is committed to the principles of excellence and equity, and that commitment is
embodied in all of its programs, services, activities, and concerns.

Copyright © 2005 by College Board. All rights reserved. College Board, AP Central, APCD, Advanced Placement Program, AP,
AP Vertical Teams, Pre-AP, SAT, and the acorn logo are registered trademarks of the College Entrance Examination Board.
Admitted Class Evaluation Service, CollegeEd, Connect to college success, MyRoad, SAT Professional Development, SAT
Readiness Program, and Setting the Cornerstones are trademarks owned by the College Entrance Examination Board.
PSAT/NMSQT is a registered trademark of the College Entrance Examination Board and National Merit Scholarship
Corporation. Other products and services may be trademarks of their respective owners. Permission to use copyrighted College
Board materials may be requested online at: http://www.collegeboard.com/inquiry/cbpermit.html.

Visit the College Board on the Web: www.collegeboard.com.
AP Central is the official online home for the AP Program and Pre-AP: apcentral.collegeboard.com.



TABLE OF INFORMATION FOR 2005

CONSTANTS AND CONVERSION FACTORS

1 unified atomic mass unit,

Proton mass,

Neutron mass,

Electron mass,

Magnitude of the electron charge,
Avogadro’s number,

Universal gas constant,
Boltzmann’s constant,

Speed of light,

Planck’s constant,

Vacuum permittivity,

Coulomb’s law constant,
Vacuum permeability,

Magnetic constant,

Universal gravitational constant,

Acceleration due to gravity
at the Earth’s surface,

1 atmosphere pressure,

1 electron volt,

lu = 1.66 x 10~ kg

= 931 MeV/c’

m, = 167 x 107 kg
m, = 167 x 107 kg
m, = 9.11 x 107" kg

e =160 x 107°C
N, = 6.02 x 10®mol™
R = 831 J/(mol - K)
ky, = 138 x 107J/K

¢ =300 x 10* m/s

h =663 x10>]s
=414 x 107%eV-s
he =199 x 107*]-m

124 x 10°eV -nm

€ =885x 10" C*/N'm*

k =1/4me, = 9.0 x 10° N-m?*/C?

Uy = 4 x 107 (T m) /A

kK'= uy/4r = 107(T-m) /A

G =667 x10" m/kegs’

g =98m/s’
latm = 1.0 x 10° N/m®
=10 x 10° Pa

leV = 1.60 x 10797

UNITS

Name Symbol
meter m
kilogram kg
second S
ampere
kelvin
mole mol
hertz Hz
newton N
pascal Pa
joule J
watt W
coulomb C
volt \'%
ohm Q
henry H
farad F
tesla T
degree

Celsius °c
electron-

volt eV

PREFIXES

Factor Prefix

10° giga G
10° mega M
10° kilo k
1072 centi c
107 milli m
107° micro u
107° nano n
10712 pico p

Symbol

VALUES OF TRIGONOMETRIC
FUNCTIONS FOR COMMON ANGLES

0 sin 6 cos O | tan 6

0 0 1 0
30° | 12 | WBr | BB
37° | 35 4/5 3/4
457 | 212 | 212 1
53° | 4/5 3/5 4/3
60" [ \32 | 12 | B
90° 1 0 oo

The following conventions are used in this examination.
I. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial.

IL. The direction of any electric current is the direction of flow of positive charge (conventional current).

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.




ADVANCED PLACEMENT PHYSICS B EQUATIONS FOR 2004 and 2005

NEWTONIAN MECHANICS
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acceleration

force

frequency

height

impulse

kinetic energy

spring constant

length

mass

normal force

power

momentum

radius or distance

position vector

period

time

potential energy

velocity or speed

work done on a
system

position

coefficient of friction

angle

torque

ELECTRICITY AND MAGNETISM
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area

magnetic field

capacitance

distance

electric field

emf

force

current

length

power

charge

point charge

resistance

distance

time

potential (stored) energy

electric potential or
potential difference

= velocity or speed
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ADVANCED PLACEMENT PHYSICS B EQUATIONS FOR 2004 and 2005

ATOMIC AND NUCLEAR PHYSICS

E =hf = pc E = energy
f = frequency
Knax = hf — ¢ K = kinetic energy
h m= mass
A= ) p = momentum
A = wavelength
AE = (Am)c? ¢ = work function

FLUID MECHANICS AND
THERMAL PHYSICS
P=F + pgh A:are.a.
F. = oV e = efficiency
buoy = P8 F = force
Ay = Ay, h = depth
1 2 K,,, = average molecular
Prpey+ 2P = const. kinetic energy
Al = al AT £ = length
M= molar mass
p=t n = number of moles
A P = pressure
PV = nRT Q = heat transferred to a system
B T = temperature
3 U = internal energy
Kavg = EkBT V = volume
v = velocity or speed
v = /31‘;7" - f3k_BT V,,,s = TOOt-mean-square
e M H velocity
W = —PAV W= work done on a system
B y = height
AU =Q+W a = coefficient of linear
expansion
o= w 1= mass of molecule
Oy o = density
T, —T
e, =12 c
Ty
WAVES AND OPTICS
v=fa d = separation
c f = frequency or focal
n=3 length
; - : h = height
6, = 0
ST T SR L = distance
sing. = 2 M = magnification
€ n m = an integer
1 1 1 n = index of refraction
PR 50 - F R = radius of curvature
! s = distance
Mzﬂ__s_z v = speed
hg So X = position
R A = wavelength
-2 0 = angle
dsin 8 = mA
__ mAL
)Cm = _d

GEOMETRY AND TRIGONOMETRY

Rectangle A = area

A = bh C = circumference
Triangle V = volume

1 S = surface area

A= 2 bh b = base
Circle h = height

A = mr? ¢ = length

C =2nar w = width
Parallelepiped r = radius

V = Lwh
Cylinder

V = r’s

S = 2mrl + 2mr?
Sphere

V = %7[}’3

S = 42 ° a

= 47ar 5 00°

Right Triangle 5

Cl2 + b2 = c2

sing =&

c
cos @ = b
c
tan 8 = a
an p




2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS

PHYSICS B
SECTION II
Time—90 minutes

7 Questions

Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested time
is about 11 minutes for answering each of questions 1-2 and 5-7, and about 17 minutes for answering each of
questions 3-4. 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.
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1. (10 points)
The vertical position of an elevator as a function of time is shown above.
(a) On the grid below, graph the velocity of the elevator as a function of time.
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2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS
(b)

i. Calculate the average acceleration for the time period t=8 stor=10s.

ii. On the box below that represents the elevator, draw a vector to represent the direction of this average
acceleration.

(c) Suppose that there is a passenger of mass 70 kg in the elevator. Calculate the apparent weight of the
passenger at time ¢t =4 s.

-

" 18kg

2. (10 points)

A simple pendulum consists of a bob of mass 1.8 kg attached to a string of length 2.3 m. The pendulum is held at
an angle of 30° from the vertical by a light horizontal string attached to a wall, as shown above.

(a) On the figure below, draw a free-body diagram showing and labeling the forces on the bob in the position
shown above.

(b) Calculate the tension in the horizontal string.

(c) The horizontal string is now cut close to the bob, and the pendulum swings down. Calculate the speed of the
bob at its lowest position.
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2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS

a++q

—-at++2q

3. (15 points)

Two point charges are fixed on the y-axis at the locations shown in the figure above. A charge of +¢ is located
aty =+a and a charge of +2¢ is located at y = —a. Express your answers to parts (a) and (b) in terms of ¢, a,
and fundamental constants.

(a) Determine the magnitude and direction of the electric field at the origin.
(b) Determine the electric potential at the origin.

A third charge of —¢ is first placed at an arbitrary point A (x = —Xx, ) on the x-axis as shown in the figure

below.

a++q

—-at++2q

(c) Write expressions in terms of ¢, a, x;, and fundamental constants for the magnitudes of the forces on the
—¢g charge at point A caused by each of the following.
i. The +¢ charge
ii. The +2¢ charge
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2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS

(d) The —g charge can also be placed at other points on the x-axis. At each of the labeled points (A, B, and C)
in the following diagram, draw a vector to represent the direction of the net force on the —¢ charge due to the
other two charges when it is at those points.
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2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS

4. (15 points)

Your teacher gives you a slide with two closely spaced slits on it. She also gives you a laser with a wavelength
A = 632 nm. The laboratory task that you are assigned asks you to determine the spacing between the slits.
These slits are so close together that you cannot measure their spacing with a typical measuring device.

(a) From the list below, select the additional equipment you will need to do your experiment by checking the
line next to each item.

___ Meterstick ___Ruler ___ Tape measure ___ Light-intensity meter
___ Large screen ___ Paper ___Slide holder ___ Stopwatch

(b) Draw a labeled diagram of the experimental setup that you would use. On the diagram, use symbols to
identify carefully what measurements you will need to make.

(c) On the axes below, sketch a graph of intensity versus position that would be produced by your setup,
assuming that the slits are very narrow compared to their separation.

Intensity
A

» Position

(d) Outline the procedure that you would use to make the needed measurements, including how you would use
each piece of the additional equipment you checked in (a).

(e) Using equations, show explicitly how you would use your measurements to calculate the slit spacing.
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2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS

Lake A=82m?2

Note: Figure not drawn to scale.
5. (10 points)

A large rectangular raft (density 650 kg/m?) is floating on a lake. The surface area of the top of the raft is 8.2 m?
and its volume is 1.80 m>. The density of the lake water is 1000 kg/m?.

(a) Calculate the height % of the portion of the raft that is above the surrounding water.
(b) Calculate the magnitude of the buoyant force on the raft and state its direction.

(c) If the average mass of a person is 75 kg, calculate the maximum number of people that can be on the raft
without the top of the raft sinking below the surface of the water. (Assume that the people are evenly
distributed on the raft.)
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2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS

Area A

1~

Piston

:

H

|

Gas

6. (10 points)

An experiment is performed to determine the number n of moles of an ideal gas in the cylinder shown above.
The cylinder is fitted with a movable, frictionless piston of area A. The piston is in equilibrium and is supported
by the pressure of the gas. The gas is heated while its pressure P remains constant. Measurements are made of
the temperature 7" of the gas and the height H of the bottom of the piston above the base of the cylinder and are
recorded in the table below. Assume that the thermal expansion of the apparatus can be ignored.

Ik | Hm
300 1.11
325 1.19
355 1.29
375 1.37
405 1.47

(a) Write a relationship between the quantities 7" and H, in terms of the given quantities and fundamental

constants, that will allow you to determine n.

(b) Plot the data on the axes below so that you will be able to determine n from the relationship in part (a).

Label the axes with appropriate numbers to show the scale.
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(c) Using your graph and the values A = 0.027 m? and P = 1.0 atmosphere, determine the experimental

value of n.
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2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS

n=4

n=3 —6.04 eV
n=2 —-13.6eV
n=1 —54.4eV

Note: Energy levels not drawn to scale.

7. (10 points)

The diagram above shows the lowest four discrete energy levels of an atom. An electron in the n =4 state
makes a transition to the n =2 state, emitting a photon of wavelength 121.9 nm.

(a) Calculate the energy level of the n = 4 state.
(b) Calculate the momentum of the photon.

The photon is then incident on a silver surface in a photoelectric experiment, and the surface emits an electron
with maximum possible kinetic energy. The work function of silver is 4.7 eV.

(c) Calculate the kinetic energy, in eV, of the emitted electron.

(d) Determine the stopping potential for the emitted electron.

END OF EXAM
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