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Physics 1120: Momentum and Impulse Solutions

1. The diagrams below are graphs of Force in kiloNewtons versus time in milliseconds for the motion of'a 5-kg block
moving to the right at 4.0 nv/s.
(a) What is the magnitude and direction of the impulse acting on the block in each case?
(b) What is the magnitude and direction of the average force acting on the block in each case?
(c) What is the magnitude and direction of the final velocity of the block in each case?
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a. Impulse is given by the area under the F-t curves. Since we have simple shapes, it is easy to find the area. For
rectangles area is height X base and for triangles area is half the height x base.

L. I=3kN x3ms=9N-s
i I=—1kN x6ms=—-6N-s
. [=2kN x2ms+ ¥%(—4 kN) x2ms=0N-s

iv. [=%(4kN)*x4ms=8N-s
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Ifthe impulse is positive, the net area was above the curve and it is directed to the right, if negative to the left.

b. We know I = F,, At where At is how long the collision lasts. We read At from the graphs, so F,, = I/At.

i, Faye= (9 N-s)/((3 ms) = 3000 N
ii. Faye=(~6N-s)/(6 ms)=-1000 N
iii. Faye=(0N-s)/(4ms)=0N

iv. Faye = (8 N-s)/(4 ms) = 2000 N

Ifthe average force is positive it is directed to the right, if negative to the left. The impulse and force have the same

direction.

c. Impulse is also equal to the difference in momentum, I = mv¢— mv;. We can rearrange our equation for v, ve=

I/m+ Vi

i vp=(9N-s)/(5.0kg) + 4 m/s = 5.8 m/s
.. vp=(?6 N-s)/(5.0 kg) +4 m/s =2.8 m/s
. vp=(0 N-s)/(5.0 kg) +4 m/s =4 m/s

iv. vp=(8 N-5)/(5.0 kg) +4 m/s = 5.6 m/s

2. The diagrams below are the velocity versus time graphs for the collision of motion of a 4-kg block with a wall. The

collision lasts for 20 milliseconds in each case.

(a) What is the magnitude and direction of the impulse acting on the block in each case?

(b) What is the magnitude and direction of the average force acting on the block in each case?
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a. Impulse is also equal to the difference in momentum, I = mvy— mv;. We have the mass, m= 4 kg.

{iii)
8.0

4.0




i I=(4kg) x (—6 m/s — 6 m/s) =—48 N-s
ii. [=(4kg)x((2m/s—8m/s)=-24N-s
. 1=(4kg)x (6 m/s—0m/s)=+24 N-s
If the impulse is positive it is directed to the right, if negative to the left.

b. We know I = F, At where At is how long the collision lasts. We have already calculated I and we are given At =
20 ms, so F,ye = VAL

i, F,ye = (—48 N-5)/(20 ms) = —2400 N
ii. Fyye=(—24 N-5)/(20 ms) = —1200 N

fii. Fye=(+24 N-5)/(20 ms)=+1200 N

3. You've been rowdy and obnoxious in a bar and are now in the process of being thrown out by the scruff of the neck by
the bouncer. The bouncer has hold of you for 5.0 s and you are take from a seated position to a final speed of 2.75 nvs.
If your mass is 70.0 kg, what was your final momentum? What impulse and average force did the bouncer exert on your
person? Assume all motion is in a straight line.

Momentum is defined by p = mw. Taking the direction of motion as positive, your initial momentum was zero and your
final momentum is

p =(70.0 kg)(2.75 m/s) = 192.5 kg-m/s .
Impulse is defined as the change in momentum
I=ps-p;=192.5 kg-ms .
Average force is related to impulse by I = FyepageAt, SO
Faverage =1/ At=192.5 kg-m/s /55 =385 N.

This is the average force exerted on you and is in the same direction as your motion.

4. A ball of mass 0.500 kg with speed 15.0 mv/s collides with a wall and bounces back with a speed of 10.5 nmv/s. Ifthe
motion is in a straight line, calculate the initial and final momenta and impulse. If the ball exerted an average force of 1000
N on the wall, how long did the collision last?
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Momentum is defined by p = mw. Taking the right as positive, the initial momentum of the ball is
p; = (0.5 kg)(-15 m/s) = -7.5 kg-m/s .
The final momentum is
pe= (0.5 kg)(10.5 m/s) = 5.25 kg-m/s .
Impulse is defined as the change in momentum
I=pe-pi=12.75 kg-m/s .

Average force is related to impulse by I = FyepageAt, and the wall would exert this force on the ball to the right.
Therefore

At=1/Fayerage = 12.75 kg-m/s / +1000 = 0.013 s.

The ball is in contact with the wall for approximately 13 milliseconds.

5. A ball of mass 0.25 kg glances of a wall as shown in the diagram. The ball approaches at 15 nmvs at 6 = 30° and leaves at
12 mv/s at @ = 20°. The collision lasts for 15 milliseconds.
(a) What are the components of the impulse experienced by the ball?
(b) What are the components of the average force acting on the ball?

a. We know Impulse is equal to the difference in momentum, I = mv¢— v;. This is a vector equation and to get
components we consider the x and y components separately.

I, = mvg — mvy, = (0.25) x (12c0s20° — 15¢0s30°) = —0.4285 N-s
Iy = mvg, — mvjy = (0.25) x (12sin20° — (—15sin30°)) = +2.9011 N-s
or I =-i0.4285 +j2.9011 N-s.

b. We know I = F, At where At is how long the collision lasts. We have already calculated I and we are given At =
15 ms, so Fyye = I/At

50 Foye = (—i0.4285 +j2.9011 N-s) / (15 ms) = —i28.6 +j193.4 N.

6. Explain why a person wearing a seatbelt in a car accident is less likely to be seriously hurt than the person who isn't
wearing a seatbelt.

Wearing a seatbelt would not effect the person's initial and final momentum. Since impulse is the change in momentum, the



impulse experienced by the person would be the same in either case. However, it is not impulse which is dangerous but
the magnitude of the forces acting on the person's body. Impulse and average force are related by I' = Fyyepge At. For

the same impulse, the average force will be higher as the collision time At decreases. Cars are designed to crumple on
impact. This crumpling is designed to make a collision last as long as possible. If a person is wearing a seatbelt, the time
for the person's change in momentum is the same as that of the car thereby minimizing the force on the occupant. If the
person is not wearing a seatbelt, the Law of Inertia dictates that the person will keep moving forward (Note some people
describe this by saying that the person was thrown forward by the force of impact. Why is this wrong?). This means that
the person will impact the steering wheel or windshield. The steering wheel and windshield can't collapse as nicely as the
front of the car so At is much smaller and thus the average force is much higher.

. A lion of mass 120 kg leaps at a hunter with a horizontal velocity of 12nvs. The hunter has an automatic rifle firing bullets
ofmass 15 g with a muzzle speed of 630m/s and he attempts to stop the lion in midair. How many bullets would the
hunter have to fire into the lion to stop its horizontal motion? Assume the bullets stick inside the lion.

The total momentum of'the system, the bullets and the lion, would be zero since there are no external forces to consider,
P = Mijion Viion - MMpyfieVullet = 0 »
where the lion is assumed to be moving in the positive direction. Rearranging the equation to find n,
= MiionViion / MpulletVbullet = (120 kg 12 ny/s) / (0.015kg 630 m/s) = 152.4 .

It would take 153 bullets to stop the lion dead, so to speak.

. On a frictionless surface, a 6.0-kg rock approaches from the left at 3.5 m/s. It collides elastically with a 9.0-kg rock
which is approaching from the right at 1.7 m/s.

(a) Without changing coordinate systems, find the final velocities of the rocks.

(b) Use a coordinate system in which the 9.0-kg rock is not moving to find the final velocities of the rocks.

(c) Use a coordinate system in which the 3.5-kg rock is not moving to find the final velocities of the rocks.

(a) We are dealing with a collision, so we know we must conserve momentum,
MVt Myvop = myvy; + Myvy; . 6]
We are told that the collision is elastic which means that kinetic energy is conserved. For a 1D collision, this is the same as
Vo= Vie==(Vi - Vi) - 2
Substituting in the give data, our equations become
6Vigt Ovpp=6x3.5+9%(-1.7) = 5.7,
Vor- vip=-(-1.7-3.5)=52.

Solving the two equations in two unknowns, we find vi¢=-2.74 nv/s and vor= 2.46 ms.



(b) To switch to a coordinate system in which the second stone is not moving, we subtract v,; to each,
Ui =Vyi- Vo =3.5m/s- (-1.7m/s) =52 /s,
Wi = Vai- Vi = 0.
In all frames of reference, this is still an elastic collision, so the following is true,
myu;f+ Myl = MUy + Mol; (€))
Upp - Uy = -(Ugi - Uyj) - (4)
These equations become
6ujr+ up=6x52+9x0=31.2,
We-up=-(0-52)=52.
Solving, we find ujr=-1.04 m/s and uy¢=4.16 nvs.
However, we want the results in our frame of reference. To undo our change we add vy; to each
Vig=Upt Vo =-1.04 m/s + (-1.7 m/s) = -2.74 m/s,
Vor=Wrt vy =4.16 m/s + (-1.7 m/s) = 2.46 mys .
Notice that we get exactly the same result.
(c) We first must determine the velocity of the centre of mass
Voum = G mpvy)/Migia = [6%3.5 m/s + 9%(-1.7 mv/s)] / 15 kg = 0.38 m/s .
As i part (b), we find the velocity of each stone in the CM frame of reference by subtracting V- from each:
u;=Vii- Vo =3.5m/s- 0.38 m/s = 3.12 m’/s,
W;=Vyi- Vo =-1.7m/s - 0.38 m/s = -2.08 m/s .

In a zero momentum frame of reference, an elastic collision only changes the direction of the velocities of each rock, uj¢=
-3.12 nmv/s and uye= +2.08 ms.

However, we want the results in our frame of reference. To undo our change we add Vs to each
vig=urt Vo =-3.12 m/s + 0.38 m/s =-2.74 mis ,
Vor= qu+ VCM =+2.08 nvs + 0.38 m/s = 2.46 m/s .

Again, we get exactly the same result but with a little less calculation.

9. Ifthe collision in question #2 had been perfectly inelastic, what would have been the final velocity of the rocks? How
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much kinetic energy would have been lost in the collision?
In any kind of collision, momentum is conserved so

myVie+ MpVor= myVy; + Mpvy; .

We are told that the collision is perfectly elastic which means that kinetic energy is not conserved and that the rocks stick

together, vi¢= vor= vy Our equation becomes
(my + my)vp= 1y + mpvy; .
This allows us to find vy immediately
ve= [myvy; + mpvy)/(my + mp) = [6 kgx3.5 m/s + 9 kgx(-1.7 nvs)}/ 15 kg=0.38 m/s .
Notice that this is the same as the velocity of the Centre of Mass.
The mitial kinetic energy is
K = Vamy(vi;)? + Yamy(vy))? = Y4(6)(3.5)% + Y(9)(-1.7)> = 49.755 J .
The final energy is
K= Ya(my + my)(vp)® = 14(6+9)(0.38)%=1.083 J .
The difference in energy is

AK = Kf— Ki: —48.7 J.

Ifthe collision in question #2 had a coeflicient of restitution e = 0.600, what would have been the final velocity of the
rocks? How much kinetic energy would have been lost in the collision?

In any kind of collision, momentum is conserved so
my Vit Myvop= myvy; + movy; .
We are told that the coeflicient of restitution
Vo - Vig= -€(Vaj - Vi) -
Substituting in the give data, our equations become
6Vigt Ovpp=6x3.5+9%(-1.7) = 5.7,
Vor- Vig=-(0.6)(-1.7 - 3.5) =3.12..

Solving the two equations in two unknowns, we find vi¢=-1.492 m/s and vor=1.628 ms.

The mitial kinetic energy is



K; = Vamy(vy;)? + Yamy(vy))? = Y4(6)(3.5)% + Y(9)(-1.7)> = 49.755 J .
The final energy is
K= Yomy(vip? + Vamo(vyp)? = Y(6)(-1.492)? + 14(9)(-1.628)* = 18.605 J .

The difference in energy is

AK:Kf— Ki:—31.1 J

. A 50.0-kg skater is traveling due east at 3.00 m/s. A 70.0-kg skater is moving due south at 7.00 nvs. They collide and
hold on to one another after the collision. Determine the magnitude and direction of their velocity after the collision. Ignore
the effects of friction.
1Ty
Vi
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In any kind of collision, momentum is conserved so
(my + mp)ve = myvy; + mpvy;. (D

Now momentum and velocity are vector quantities and the i and j components must be handled separately
(my + My)ve = MyVyix T MVaix (la)
(my + m)vgy = myvyjy + movoyy (1b)

So we can rearrange these equations to find the components of the final velocity

Vi = (Vi + Movai) / (Mg + 1) (2a)
ey = (myvyjy + movoy) / (my + ) . (2b)
Using the given values, we find
v = [(50 kg)(3 mi/s) + (70 kg)(0)] / (50 kg + 70kg) = 1.25 mvs , 2a)

vy = [(50 kg)(0) + (70 kg)(-7 m/s) / (50 kg + 70 kg) = 4.083 m/s . (2b)
To find the magnitude and direction of the final velocity, we use Pythagoras' Theorem and trigonometry,

ve= [(vg)? + (vg)?]2 = 4.27 nvs, and
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0 = tan'! ([vg/ved) = 72.98°.

The final velocity of the pair is 4.27 nv/s at 73.0° south of east.

A curling rock is traveling down the ice when it mysteriously explodes into three parts. After the explosion, one piece
having 27.0% of the total mass moves at a speed of V= 14.2 ny/s at an angle 0f42.0° to the positive y axis. A second

with 52.0% of the total mass move at a speed of V¢= 18.9 nv/s at an angle of 17.8° to the positive x axis. The third
piece moves with speed V3¢=35.9 m/s at 39.0° to the negative y axis. What was the speed of the stone before the
explosion?
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In any kind of collision, momentum is conserved so
myVip+ myV op+ maVie= (my +my + my)V;. (1)
Now momentum and velocity are vector quantities and the # and j components must be handled separately
my Vg + MV + m3Vig = (mg +my + mg) Vi . (1a)
my Vg, + mpVog, + mVag, = (my +my + mg)Vig, (1b)
So we can rearrange these equations to find the components of the final velocity
Vix = (Vg + My Vo + m3Vig) / (my +my + my) (2a)
Viy = (Vg + myVop, + myVig) / (my + my + ms) . (2b)

Taking the masses of the piece to be m; = 0.27M, my = 0.52M, and m3 = (1-0.27-0.52)M = 0.21M where M is the
total mass, and using the given values, we find

Vi, = [0.27(-14.25in(42°)) + 0.52(18.9c0s(17.8°)) + 0.21(35.9sin(39°))] = 2.05 m's,
Vi, = [0.27(14.2¢05(42°)) + 0.52(18.9sin(17.8%)) + 0.21(-35.9c08(39°))] = 0.0 s .

The stone had an mitial speed of2.05 mv/s to the right.

In a pool game, balls of the same mass undergo elastic collisions. Suppose the white ball collides with a stationary 8-ball
off-centre. After the collision, both balls travel at an angle to the original velocity of the white ball as shown in the diagram.
If the mitial speed of the white ball is v and 6 = 30.0°, determine ¢ and the speeds of the balls.



In any kind of collision, momentum is conserved so
My Ve + MgVg = My V . (1
Now momentum and velocity are vector quantities and the i and j components must be handled separately
My Vg + MgVgy = My Vy (1a)
My Vg, + MgVgy = My Vy, . (1b)

Since this is an elastic collision, kinetic energy is conserved and we have

Vamyy (vp)? + Vomg(vg)? = Vamyyv? | )
Since billiard balls have the same mass my; = mg = m, can be eliminated from the equations above. The equations
become
Vicosp + vgcosd = v, (3a)
-vgsing + vgsinh =0, (3b)

WP+ =V (o)
Now cos(30°) = (\3)/2 and sin(30°) = %. Thus equation (3b) yields
Vg = 2vgsing . @)
Using this result to elimnate vg from (3a) and (3¢), we get
v= Vf{(\/3) sing + cosQ] . (5a)

V2= (vp[1 + 4sino] . (5b)
We put the expression for v from (5a) into (5b) and get

[(V3)sing + cos@]? = [1 + 4sin®p] .
Expanding the square on the left-hand side

3sinzq) + (2V3)sing cose + cos2(p =1+ 4si112(p .

Rearranging, this becomes

(2\3)sing cose = 1 + sin’ - cos?o .



Recall that cos?p = 1 - sin?p , so that the right-hand side simplifies and we get
(2V3)sing cosp = ZSinz(p .
Elimnating common terms, we get
(\/3)005(p = sing .

Recall that tang = sing/cos¢, so that the above is actually tang = 3. This yields

¢ = 60°.
With this result we can go back to equation (4) and find that

vg = (V3)vg.

Using the result for ¢ and equation (5a) we get

v="2v¢.

Thus vg = (V3)v/2 .
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