AP Physics Practice Test:
Impulse, Momentum

This test covers momentum, impulse, conservation of momentum, elastic collisions, inelastic collisions,
perfectly inelastic collisions, 2-D collisions, and center-of-mass, with some problems requiring a knowledge
of basic calculus.

Part I. Multiple Choice

1.

5m/s, just after gliders split

An air track glider of mass M is built, consisting of two smaller connected gliders with a small explosive
charge located between them. The glider is traveling along a frictionless rail at 2 m/s to the right when the
charge is detonated, causing the smaller glider with mass 4 M, to move off to the right at 5 m/s. What is the
final velocity of the second small glider?

4 m/s to the left

2 m/s to the left

1 m/s to the left

0m/s

1 m/s to the right

a0 TP

2. A force acting on an object varies as a function of time according to the equation F = £ #%, where £is a
constant. If the object had an initial momentum of 0 at time # = 0, what is the momentum of the object at
time £

a. 2t

b. 2kt

c. —kt°

d lkﬁ
3

e. —kt*
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3. A student with mass M is standing on a wooden plank of mass 7 that is less than the mass of the student.
The plank itself is resting on the frictionless surface of a frozen lake. The student then begins to walk with a
speed v toward the nearby shore. What is the velocity of the plank, relative to the shore?

v, away from the shore

Less than », away from the shore

Less than », toward the shore

More than », away from the shore

Morte than », toward the shore

o a0 TP

30cm

20em”™

10cm™

»

0 10cm 20cm 30cm

A flat piece of metal of uniform density has the shape and dimensions shown here. The center of mass for
the piece of metal is located at:

xom (cm)  yeu (cm)

65 95
a. -
6 6
N
6 6
65 100
Js
6 6
R
6 6
70 100
I
6 6
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falling
l snow
boy & sled boy & sled,
with snow
Vinitial Vfinal

5. A boy on a sled is sliding with negligible friction along an icy, horizontal surface. As the sled passes
underneath a tree, a large mass of snow falls vertically and lands on the moving sled. Which of the following
statements 1s fa/se?

The snow collides inelastically with the sled.

The sled will slow down when the snow hits it.

Conservation of kinetic energy cannot be used to find the final velocity of the sled.

Conservation of mechanical energy cannot be used to find the final velocity of the sled.
Conservation of linear momentum cannot be used to find the final velocity of the sled.

o a0 TP

Force (N)
—_
(e}
|
|

| I > Time (s)
1 2 3 4 5
An object of mass 7z = 2.0kg experiences a force in Newtons according to the Force vs. #ime graph shown
here. For the time interval shown, what is the total change in momentum of the object?

a. 35kgem/s
b. 70 kgem/s.
c. -35kgem/s
d. -70 kgem/s
e. none of these.
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Part II. Free Response

1
o

7. Vi Vi

A 500-gram cart rolls with negligible friction along a straight flat track until it collides with a 750-gram cart
that was initially at rest. Position-time data for the 500-gram cart before it hits the other cart is recorded in
the data table below.

x-position of 500-gram cart (cm) 0 |10 |20 |30 |40
time (s) 0 105 |1 |15]2

a. At time #= 2 seconds, the two carts collide in a perfectly inelastic collision. Calculate the final
velocity of the 500-gram cart after this collision.

b. The collision takes place over a time period of 0.5 seconds. Draw and label a graph of the velocity of
both carts as a function of time for the time period 7= 0 to 4 seconds.

0 1 2 3 4 t(s)
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c. Determine the impulse imparted to the 750g cart.

d. Determine how much mechanical energy was converted to heat in the collision.

e. Determine the magnitude of the average force acting on the 500-g cart during the collision.

f.  Calculate the velocity of the center-of-mass of the two cart system before the collision occurred.
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A
v

Ax

A pendulum of length L. = 1.0 meter and bob with mass 7 = 1.0 kg is released from rest at an angle 8 = 30°
from the vertical. When the pendulum reaches the vertical position, the bob strikes a mass M = 3.0 kg that
is resting on a frictionless table that has a height 4 = 0.85m.
a.  When the pendulum reaches the vertical position, calculate the speed of the bob just before it strikes
the box.

b. Calculate the speed of the bob and the box just after they collide elastically.
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c. Determine the impulse acting on the box during the collision.

d. Determine how far away from the bottom edge of the table, Ax, the box will the box strike the
floor.

At the location where the box would have struck the floor, now a small cart of mass M = 3.0 kg and
negligible height is placed. The box lands in the cart and sticks to the cart in a perfectly inelastic collision.
e. Calculate the horizontal velocity of the cart just after the box lands in it.
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N
0\

A light, ideal spring with a spring constant £ = 100 N/m and uncompressed length L. = 0.30 m is mounted
to the fixed end of a frictionless plane inclined at an angle @ = 30° as shown above. Then a mass M 0.300 kg
is affixed to the end of the spring and allowed to slowly slide down the plane until it is resting in an
equilibrium position. The dimensions of the masses in this problem are insignificant. Give answers to all
questions in terms of stated variables and fundamental constants.

a. Draw a free-body diagram of the forces acting on the mass M at this equilibrium position, xp. (Do
not include components in your diagram.)

b. Determine the distance Ax that the spring compressed as M was lowered down the ramp.

c. How much energy is stored in the spring relative to its original uncompressed length I.?
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Now, at a distance 4 = 0.30 m above xp, a second mass 7 = 0.200 kg is now placed, and released so that it
slides down the ramp to collide with mass M.
d. Calculate the speed of 7 just before it strikes mass M.

e. Determine the speed of mass M and  just after they stick together in a perfectly inelastic collision.

f.  Determine the maximum compression x" of the spring relative to x) when the two masses
momentarily come to rest.
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In a new experiment with the same equipment, mass M is used to compress the spring to the same position
as in ( f) above, and mass  is placed in contact against M as shown. When the spring is released, M remains
attached to the spring, and 7 is launched up the ramp.
g. Will mass 7 reach a position that is higher, lower, or equal fo the position that it was released from in
the previous experiment? Explain your answer, briefly.

h. Calculate the position relative to xp at which the two masses will separate from each other during the
launch.
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1. The correct answer is e. This is a conservation of momentum problem, in which the total momentum of
the glider at the beginning of the problem is equal to the sum of the momenta of the individual gliders at the
end of the problem.

! !
My =mpy, +m,,

_1 "3 !
My =My, +5Mv,

! !

— 1 3
V=gV FaV,

! !

v, =3(v=3v)

!

v, =Q2-15)=1m/s

2. The correct answer is 4. The relationship between Force and change in momentum is described by the

Iy
equation Ap = fF *dt.
t;
Iy
Ap = fF‘dt
1
t
pf—pi=fkt2°dt
0
1
pf—0=§kt3

3. The correct answer is d. The problem can be analyzed using F,, = ma or conservation of momentum.
Using a momentum analysis, consider the total momentum of the system to be zero at the beginning of the
problem.

! !

m v + MY

student ” student

m 1 + MY

student ” student
M(O) + m(O) = M(vstudent) + m(vplank)

M
—V

plank = plank

%

plank == student

Here, the negative sign indicates that the plank is moving in a direction opposite that of the student (ie. away
from the shore), and the fact that M>m means that the velocity of the plank is going to be greater than the
velocity of the student.

4. The correct answer is e. The center of mass, in both x- and y-directions, is calculated ==

Eximi .......

using X, = E . Although the object can be thought of as six small pieces, it’s faster | ®

and easier to calculate the center of mass based on dividing the figure up into 3
symmetric pieces as shown, and using the center of mass of each of those pieces in the calculation:
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_xm+x,my +x;my 3m(15cm) +1m(Sem) + 2m(10cm) 70

Xem cm
m, +m, + m, 6m 6
_ 3m(25cm) +1m(15cm) + 2m(5cm) _ 100 om
cm 6m - 6

5. The correct answer is e. Conservation of linear momentum ¢z be used to solve this problem. The linear
momentum of the sled in the horizontal direction remains constant, because no net force is applied in that
direction.

Fit=Ap,
0=Ap,
mpy,=mg:,

msled&boyvi = (msled&boy + msnow )vf
msled& boy
v, = v,
msled& boy + msnow

All the other statements in the problem are true. The snow does collide inelastically with the sled, the sled does
slow down when the snow hits it (as shown in our analysis), and conservation of kinetic and mechanical
energies cannot be used to solve for velocity because energy is converted to heat in the collision between the
snow and the sled.

6. The correct answer is a. This is an impulse problem, and requires using the equation Ff = mAv. Although
we don’t know the change in velocity to calculate change in momentum, we can easily determine the
impulse by adding up the total area under the curve of the Force-time graph.

For the first line segment, Area=%(10N *2s)=10N*s
For the second line segment, Area = (10N ®2s)=20N*s
For the third line segment, Area=5(10N *1ls)=5N¢s

The total change in momentum is the sum of these areas, or 35Nes.

7.
a. Use the data table to determine that the #inida of the 500 g cart is
_AX_A00m o em s =0.20m s
At 2s

The collision is perfectly inelastic, so

Dsoo * Prso = pgo‘b p;so

MYy +MV55 = (Mo + Mgy V'
(.5kg)(20m/s)+0 = (1.25kg)V'
v'=0.08m/s, to the right
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b.

20

10 \
—_ V4
<L 71
g ]

-

- - L
0 1 2 3 4 t (s)

c. 'The impulse acting on the cart could be determined by looking at the area under the curve of a

Force-time graph, but we don’t have that here. Impulses produce a change in momentum, however,
and we do have that information.

Impulse J =Ft=mAv
J=m(v,-v,)=(0.750kg)(0.08m /s -0)
J=0.06kgem/s or 0.06N s

Notice that I've chosen to g and 72/ s for the units here, because those ate the standard SI base units

for mass and velocity, and I'll need to be using those units if I plan on calculating Joules or
Newtons.

d. Mechanical energy refers to kinetic and potential energies. Here, the only energies of concern are
kinetic, both before and after the collision.

E Kinitial = E Kﬁnal

Ksoo -A Eintemal = K500+750
AEintemal =K 500 — K 500+750
1
AE; ma = EmSOOViZ - E m500+750v12’
AE,. . = %(O.Skg)(O.ZOm /sy - %(1 25kg)0.8m / s)’
AE =0.006J

internal
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e. 'The average Force can be determined using the Impulse and the time of contact, where the Impulse
on the 500-gram cart is equal to the impulse on the 750-gram cart (which we’ve already determined
in (c) above).

Impulse J = Ft
0.06N ¢s=F(0.5s)

F  =0.12N

avg

f.  The easy way to solve this is to realize that the velocity of the center of mass before and affer the
collision is the same, as long as there aren’t any external forces acting on the system. The velocity of
the center of mass affer the collision is simply the velocity of the two carts: 0.08 m/s.

The hard way to solve this is to calculate the velocity of the center of mass based on the sum of the
individual momenta of the two carts:

Pem = Epimi

My, =ms, Vs + M50V

_ Ms00Vs00 + M950 V750

v,
cm M
- (0.5)(0.2)+(0.75)(0) _ 0.0%m /s
1.25
8.
a. 'The potential energy of the pendulum is converted to kinetic energy:
U=K,
mgh = lmv2
§ 2

L s Lcos@
v=4/2gh ~

h=L-Lcos6 ¥+ L-Lcosé
y=2+98+(1-1cos30) =1.62m /s “

b. In an elastic collision, both momentum and kinetic energy (p and K) are conserved. One of the
shortcuts to solving one-dimensional elastic collisions, derived in most physics textbooks, is this
equation: vy, + v, =V, +V,,

We can use this equation along with the conservation of momentum equation to determine the
velocities of both objects just after the collision:

/ ' ' '
MyaVoan ¥ MitociVoiock = MpanVeait T MbiockVbiock Viait T Voair = Vitock  Viiock

(1)(1.62)+0 = 1(v) ;) +3(V}you) 162+ v, =04V
T —

Vi =0.81m/ s

vy ==081m/s
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c. 'The impulse acting on the box during the collision can be calculated by getting the change in
momentum of the box during the collision.

Impulse J = Ft=m(v, -v,)
J=3kg)(0.81m/s-0)=2.43kgem/s,or 2.43Nes

d. This is a projectile problem, with no initial vertical velocity for the box as it leaves the table with a
horizontal velocity as calculated in (b) above.
Vertically:

Ay= vl.t+laz‘2

2
r= [P [2E0Bm G 416y
g -98m/s
Horizontally:

Ax=vt
Ax=(0.81m/s)(0.42s)=0.34m

e. Use conservation of momentum in the x-direction, based on the component of the block’s velocity
in the x-direction:

’
mblockvblock + mcartvcart = (mblock + mcart )V
m, v, .+0 (3kg)(0.81m/s
V, — __block ” block — ( g)( ) = O41m/s
mblock + mcart 3kg + 3kg
9.
a.
FNormal Fspring

Fgravity

b. The force of gravity acting down the ramp ( Fy_pasalel ) pulls down on the mass until the force of the
spring is pushing up with an equal amount of force. (See diagram next page.)

F;pring = Fg—purallel

kx = mgsin0

= mgsin€ _ (0.3)gsin(30) _ 3,47
X 100
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c. 'The potential energy stored in the spring is calculated based on the displacement from its
unstretched position.

1 1

= Ekx2 = 5(100)(0.0147)2 =0.0108J

Note that although this is energy stored in the spring relative to its uncompressed length, under
these conditions, it’s common to consider the mass’s current position as xp, because this is where
the mass-spring system is in equilibrium. This emphasizes the point that it is changes in potential

energy that are significant—one cannot calculate a potential energy for something without specifying
a reference point at which the potential energy is 0.

d. The mass slides down the ramp without friction. Use kinematics or energy to determine the velocity:

U,=K, F,,, = ma for block sliding down
F .
mgh = lmv2 a= Pt _ Lywana _ mgsing _ gsinf
2 or m m m
v=4/2gh, where h = xsin0 V;=V,~2+261Ax
v=1/2(9.8)(0.35in30) =1.71m / s Ve = V2ax = /2(9.85in30)(0.3) =1.71m / s

e. By conservation of momentum:
My Vo, + Mg 3Vos = (Mg, + M3V 5y

02)1.7D+0=(0.2+0.3)v,,
Ve = 0.684m /s
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f.  Let’s use conservation of energy after the impact to figure out how far the spring compresses. The
two masses are slowing down azd losing height as they move down the ramp—that energy goes into
elastic potential energy stored in the spring. There is a subtlety here, though. When the spring was
compressed by mass M, the spring more or less nullified gravity as M came to equilibrium. Pushing
M farther gives it spring potential energy, but not gravitational potential energy. On the other hand,
the small mass m isn’t a part of that system, so you have to keep track of its gravitational potential
energy. With all of that in mind, we can write:

K+U +U_. =K. +U_+U__ .
1 g spring—1 g spring

1 .
lmt 1V2+rn1gh+O:O+0+—kx2;hzxsme
2 otal 2

%(0.5)(0.684)2 +(0.2)(9.8)(x’sin30) = %(100»;'2

Solve quadratic equation to get
x’=0.059 m

g. m will reach a /ower position than it was originally released from. In the first experiment when the
mass was released from high on the ramp, some of its energy was converted to heat in the inelastic
collision, so the K of the #M blocks as they began to compress the spring was less than it would
have been otherwise. In launching the blocks the K of the system at equilibrium is the same as it was
before, but this will not be sufficient to allow 7 to reach its original height. Also, some of Uspsing has
gone into giving M velocity up the ramp—there is less energy, then, for 7 to be able to return to its
original position.

h. As the masses are pushed back up the ramp by the spring, they experience less acceleration—the
combined weight of the masses produces a greater Fyparaitel , and thus the net Force acting on the
masses is less. Still, the spring will continue to push up on the masses until M reaches the old
equilibrium position, at which point the spring begins to pull back on M. Now M has two forces
pulling down on it—F_parltel and Fypring—leaving mass # free to continue moving up the ramp, with

only Fy parael impeding its motion. Thus, the two masses separate at xp.
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