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AP® PHYSICS 1 TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, = 1.67x 107 kg

Neutron mass, m, = 1.67 X 10727 kg

Electron mass, m, = 9.11x 107" kg

Electron charge magnitude, e = 1.60 X 107 ¢

Coulomb’s law constant, k = 1/4ze, = 9.0 x 10° N.m?/C?

Universal gravitational

— —11 3 2
constant, © = 6:67x107" m /ke-s

. _ 3 ) Acceleration due to gravity _ 2
Speed of light, ¢ = 3.00 x 10° m/s al Bartl's sarface, & = 98 m/s
meter, m kelvin, K watt, W degree Celsius, °C
UNIT kilogram, kg hertz, Hz coulomb, C
SYMBOLS second, s newton, N volt, \%
ampere, A joule, J ohm, Q
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Fact Prefi Symbol o B o o o o o
T B B 0 0 | 30 | 37 | 45 | 53 | 60" | 90
10 tera T
00 siga G sin6 0 1/2 35 | V22 | 45 | V32 1
106 mega M cosf 1 V32 | 45 | V2/2 | 35 1/2 0
10° kilo k tan6 0 | V33| 3/4 1 43 | 3 o
1072 centi c
107 milli m The following conventions are used in this exam.
1070 micro M 1. The frgme of reference of any problem is assumed to be inertial unless
5 otherwise stated.
10~ nano n II.  Assume air resistance is negligible unless otherwise stated.
10712 pico p III. In all situations, positive work is defined as work done on a system.
IV. The direction of current is conventional current: the direction in which
positive charge would drift.
V. Assume all batteries and meters are ideal unless otherwise stated.
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AP® PHYSICS 1 EQUATIONS

MECHANICS
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= acceleration

= amplitude

= distance

= energy

= frequency

= force

= rotational inertia

= kinetic energy

= spring constant

= angular momentum
= length

= mass

= power

= momentum

= radius or separation
= period

= time

= potential energy

= volume

= speed

= work done on a system
= position

= height

= angular acceleration
= coefficient of friction

angle
density

torque
angular speed
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ELECTRICITY
=0 A = area
‘FE‘_k 2 F = force
I = current
A
[=-4 ¢ = length
At
/ P = power
rR=Pt q = charge
A R = resistance
I = AV r = separation
R t = time
P=I1AV V = electric potential
R, =YR p = resistivity
i
1yl
R, T R;
WAVES
f = frequency
1= vy = speed
! A = wavelength
GEOMETRY AND TRIGONOMETRY
Rectangle A = area
A = bh C = circumference
) V = volume
Triangle S = surface area
A=Lpn b = base
2 h = height
) { = length
Circle w = width
A=nmr? r = radius
C =2nr
Rectangular solid Right triangle
V = (wh E=d®+b?
Cylinder sing = £
c
V=t b
9=2
S = 2xrl + 27r* cost =
a
Sphere tanf = b
4 3
V=—nr
3 T
S = 4zr?

2019 AP® PHYSICS 1 FREE-RESPONSE QUESTIONS

PHYSICS 1
Section IT
Time—1 hour and 30 minutes
5 Questions

Directions: Questions 1, 4, and 5 are short free-response questions that require about 13 minutes each to answer and
are worth 7 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

Plunger

I [2]
E

1. (7 points, suggested time 13 minutes)

Identical blocks 1 and 2 are placed on a horizontal surface at points A and E, respectively, as shown. The surface
is frictionless except for the region between points C and D, where the surface is rough. Beginning at time ¢, ,
block 1 is pushed with a constant horizontal force from point A to point B by a mechanical plunger. Upon
reaching point B, block 1 loses contact with the plunger and continues moving to the right along the horizontal
surface toward block 2. Block 1 collides with and sticks to block 2 at point E, after which the two-block system
continues moving across the surface, eventually passing point F.

(a) On the axes below, sketch the speed of the center of mass of the two-block system as a function of
time, from time ¢, until the blocks pass point F at time ¢,. . The times at which block 1 reaches points A

through F are indicated on the time axis.
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2019 AP® PHYSICS 1 FREE-RESPONSE QUESTIONS

Plunger

T T T T
A B C D E

(b) The plunger is returned to its original position, and both blocks are removed. A uniform solid sphere is
placed at point A, as shown. The sphere is pushed by the plunger from point A to point B with a constant
horizontal force that is directed toward the sphere’s center of mass. The sphere loses contact with the
plunger at point B and continues moving across the horizontal surface toward point E. In which interval(s),
if any, does the sphere’s angular momentum about its center of mass change? Check all that apply.

AtoB BtoC CtoD DtoE None

Briefly explain your reasoning.
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Block A Pulley
Tabletop—»r D

Block B

2. (12 points, suggested time 25 minutes)

This problem explores how the relative masses of two blocks affect the acceleration of the blocks. Block A, of
mass m ,, rests on a horizontal tabletop. There is negligible friction between block A and the tabletop. Block B,
of mass m , hangs from a light string that runs over a pulley and attaches to block A, as shown above. The
pulley has negligible mass and spins with negligible friction about its axle. The blocks are released from rest.
(2)

i. Suppose the mass of block A is much greater than the mass of block B. Estimate the magnitude of the

acceleration of the blocks after release.

Briefly explain your reasoning without deriving or using equations.

ii. Now suppose the mass of block A is much less than the mass of block B. Estimate the magnitude of
the acceleration of the blocks after release.

Briefly explain your reasoning without deriving or using equations.

(b) Now suppose neither block’s mass is much greater than the other, but that they are not necessarily equal.
The dots below represent block A and block B, as indicated by the labels. On each dot, draw and label the
forces (not components) exerted on that block after release. Represent each force by a distinct arrow starting
on, and pointing away from, the dot.

Block A Block B
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2019 AP® PHYSICS 1 FREE-RESPONSE QUESTIONS

(c) Derive an equation for the acceleration of the blocks after release in terms of m,, m, and physical
constants, as appropriate. If you need to draw anything other than what you have shown in part (b) to assist
in your solution, use the space below. Do NOT add anything to the figure in part (b).

(d) Consider the scenario from part (a)(ii), where the mass of block A is much less than the mass of block B.

Does your equation for the acceleration of the blocks from part (c) agree with your reasoning in part (a)(ii) ?

=

Yes No

Briefly explain your reasoning by addressing why, according to your equation, the acceleration becomes (or
approaches) a certain value when m , is much less than m .

(e

~

While the blocks are accelerating, the tension in the vertical portion of the string is 7;. Next, the pulley of
negligible mass is replaced with a second pulley whose mass is not negligible. When the blocks are
accelerating in this scenario, the tension in the vertical portion of the string is 7,. How do the two tensions
compare to each other?

__T,>T T, =T

T, <T

Briefly explain your reasoning.
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Plate Sphere

OS] Rl 1
. T | L
Pm/;l; B C A B C

Figure 1. Uncompressed spring Figure 2. Compressed spring

3. (12 points, suggested time 25 minutes)

A projectile launcher consists of a spring with an attached plate, as shown in Figure 1. When the spring is
compressed, the plate can be held in place by a pin at any of three positions A, B, or C. For example, Figure 2
shows a steel sphere placed against the plate, which is held in place by a pin at position C. The sphere is
launched upon release of the pin.

A student hypothesizes that the spring constant of the spring inside the launcher has the same value for different
compression distances.

(a) The student plans to test the hypothesis by launching the sphere using the launcher.

i. State a basic physics principle or law the student could use in designing an experiment to test the
hypothesis.

ii. Using the principle or law stated in part (a)(i), determine an expression for the spring constant in terms
of quantities that can be obtained from measurements made with equipment usually found in a school
physics laboratory.

(b) Design an experimental procedure to test the hypothesis in which the student uses the launcher to launch the
sphere. Assume equipment usually found in a school physics laboratory is available.

In the table below, list the quantities and associated symbols that would be measured in your experiment.
Also list the equipment that would be used to measure each quantity. You do not need to fill in every row.
If you need additional rows, you may add them to the space just below the table.

Quantity to be Measured Symbol for Quantity Equipment for Measurement

© 2019 The College Board.
Visit the College Board on the web: collegeboard.org.

GO ON TO THE NEXT PAGE.



2019 AP® PHYSICS 1 FREE-RESPONSE QUESTIONS 2019 AP® PHYSICS 1 FREE-RESPONSE QUESTIONS

(b) Continued R,

Describe the overall procedure to be used to test the hypothesis that the spring constant of the spring inside q Motor
the launcher has the same value for different compression distances, referring to the table. Provide enough Battery Block of
detail so that another student could replicate the experiment, including any steps necessary to reduce I-—

Mass M
experimental uncertainty. As needed, use the symbols defined in the table and/or include a simple diagram H
of the setup.

(c) Describe how the experimental data could be analyzed to confirm or disconfirm the hypothesis that the . . .
. . . . . 4. (7 points, suggested time 13 minutes)
spring constant of the spring inside the launcher has the same value for different compression distances.
(d) Another student uses the launcher to consecutively launch several spheres that have the same diameter but 2;?52;;;1‘5;’:;2 til:e:lt::élig lcl(f)tn :icl;iitgfalf:ieg ;to :;’:::Znilicg;a:.g:rg]}é ln:(?u?giga;;fgl flrtu;;ga}{).oj\‘/};ethe
different masses, one after another. Each sphere is launched from position A. Consider each sphere’s launch . DA o . pees &n . reght 11
speed, which is the speed of the sphere at the instant it loses contact with the plate. On the axes below. ground in a time interval Az. The motor has constant resistance and is connected in series with a resistor of
sketch a graph of launch speed as a function of sphere mass. resistance R, and a battery.

Mechanical power, the rate at which mechanical work is done on the block, increases if the potential difference

voltage drop) between the two terminals of the motor increases.
A Itage drop) b h Is of th
- i (a) Determine an expression for the mechanical power in terms of M, H, At, and physical constants, as
s appropriate.
Q
|
R
§ ! (b) Without M or H being changed, the time interval At can be decreased by adding one resistor of
— | resistance R, , where R, > R,, to the circuit shown above. How should the resistor of resistance R,
I
L - be added to the circuit to decrease At ?
O e Mace . . . .
Sphere Mass ___ In parallel with __ In parallel __In parallel with ___In series with the battery,
the battery with R, the motor R, and the motor
In a clear, coherent, paragraph-length response that may also contain figures and/or equations, justify why
your selection would decrease At.
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2019 AP® PHYSICS 1 FREE-RESPONSE QUESTIONS

Tube

Tuning \ L |
Fork

5. (7 points, suggested time 13 minutes)

A tuning fork vibrating at 512 Hz is held near one end of a tube of length L that is open at both ends, as
shown above. The column of air in the tube resonates at its fundamental frequency. The speed of sound in

air is 340 m/s.
(a) Calculate the length L of the tube.

(b) The column of air in the tube is still resonating at its fundamental frequency. On the axes below, sketch a
graph of the maximum speed of air molecules as they oscillate in the tube, as a function of position x, from
x =0 (left end of tube) to x = L (right end of tube). (Ignore random thermal motion of the air molecules.)

i i i i
| | I I
o f-——————————— b b T -
D | | | I
o | | I I
3] | 1 | |
2] | | | |
L L S e de
i | | | |
£ : : | |
= R R L
: | | | :
=1
E | i | l
1 — I— —
= | i | |
| | | I
| | | |
0o t t t t X
L/4 L2 3L/4 L

(c) The right end of the tube is now capped shut, and the tube is placed in a chamber that is filled with another
gas in which the speed of sound is 1005 m/s. Calculate the new fundamental frequency of the tube.

STOP

END OF EXAM
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