Physics 200 Name:
Momentum & Impulse: wrap-up and review

Coefficient of Restitution: tells how elastic a collision is; is a ratio of the separation speed of objects after a
collision to their approach speed before the collision.

Separation Speed

Coefficient of Restitution =
Closing speed

When e =1...
e objects separate as fast as they came together
» collision is perfectly elastic.
e No kinetic energy is lost.
e Example: A perfectly bouncy ball approaches the ground at 2m/s (closing speed) and then bounces back
up with a speed of 2m/s (separation speed). e = 2/2

When e=0...
® objects do not separate
* the collision is perfectly inelastic.
¢ Kinetic energy is lost to friction.
* Example: a bullet approaches a ballistic pendulum at 500m/s (closing speed) and the bullet and pendulum
then swing upward together (separation speed = 0; no separation). e =0/2
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Coefficient of Restitution Formula=¢ = ——V‘l ..where Va = initial velocity of object A, Vb = initial velocity of
b

i s a
object B, and Va and Vb = their final velocities.

Whene=1, V=V, =V, -V,

Example Problem:

Cart A has a mass of 4kg and an initial velocity of -2m/s. Cart B has a mass of 3kg and an initial velocity of Om/s, If
the carts collide with perfect elasticity (e=1), what are the carts’ velocities after the collision?
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Problems

1. What is the magnitude of the momentum of a 28-g sparrow flying with a speed of 8.4 m/s?

D=mvy = [ o 18 M FE 2 Yz O 23{ 4, }q o ?
fes \, e A ’.‘,El : i LA . s ” ij ‘r;e’*‘__}

2. A constant friction force of 25 N acts on a 65-kg skier for 20 s. What is the skier’s change in velocity?

Fuk = maY
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AV = 1.69™/

3. A 0.145-kg baseball pitched at 39.0 m/s is hit on a horizontal line drive straight back toward the pitcher
at 52.0 m/s. If the contact time between bat and ball is 3.00x10%s, calculate the average force between
the ball and bat during contact.

Fuab=maV AVEV SV ES2-739< F Q1Y

¢ (3x15\ 2 () (ar)

F = 439% N

4, Calculate the force exerted on a rocket, given that the propelling gases are expelled at a rate of 1500
kg/s with a speed of 4.00x10*m/s (at the moment of takeoff). The force on the gas can be found from its
change in momentum.
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5. A golf ball of mass 0.045kg is hit off the tee at a speed of 45m/s. The golf club was in contact with the

ball for 3.5x107 5. Find (a) the impulse imparted to the golf ball, and (b) the average force exerted on the
ball by the golf club.
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é; #& You are the design engineer in charge of the crashworthiness of new automobile models. Cars are
tested by smashing them into fixed, massive barriers at 50km/h (30 mph). A new model of mass 1500 kg

takes 0.15 s from the time of impact until it is brought to rest. (a) Calculate the average force exerted on
the car by the barrier. (b) Calculate the average deceleration of the car.
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é, # You are the design engineer in charge of the crashworthiness of new automobile models. Cars are
tested by smashing them into fixed, massive barriers at 50km/h (30 mph). A new model of mass 1500 kg
takes 0.15 s from the time of impact until it is brought to rest. (a) Calculate the average force exerted on
the car by the barrier. (b) Calculate the average deceleration of the car.
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] #At A child in a boat throws a 6.40 kg package out horizontally with a speed of 10.0 m/s. Calculate the
velocity of the boat immediately after, assuming that it was initially at rest. The mass of the child is 26.0
kg, and that of the boat is 45.0 kg. Ignore water resistance.

The throwing of the package is a momentum-conserving action, if the water resistance is ignored. Let “A
represent the boat and child together, and let “B” represent the package. Choose the direction that the

package is thrown as the positive direction. Apply conservation of momentum, with the initial velocity of
hoth objects being 0.

! ’
Piiiat = Pra (mA +my )v =my, tmgyv, —

C_ Mgy (6.40 kg)(10.0m/s)

m (26.0 kg +45.0 kg)

A
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1§ 4.A12,600-kg railroad car travels alone on a level frictionless track with a constant speed of 18.0m/s. A
5350-kg load, initially at rest, is dropped onto the car. What will be the car’s new speed?

- — r
Piitiat = Prinal - m.V, + Mgy, = (mA +mu)v -

o = Y, +myv, (12,600 kg)(lS.Om/s)+0

= =[12.6
m, +m, (12,600 kg) + (5350 kg)

jgf #. A 3800 kg open railroad car coasts along level tracks with a constant speed of 8.60 m/s. Snow begins to
fall vertically and fills the 3.50 kg/min. Ignoring friction with tracks, what is the speed of the car after 90

min?
Piisal = P > MV4 = (mA tmy )V:q

. omy, (3800 kg)(8.60m/s)
v, = =

=7.94m/s ~

Myt My 3800 kg+(3'50_ kg)(%.o min)
min
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d a velocity of 3m/s. Boat B has a mass of 15kg and a velocity of -1m/s. The
. away from one another. After the bounce, boat B has a velocity of 1.4m/s.
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1at is moving with a speed of 8.5m/s collides head-on and elastically with
rward the incoming softball bounces backward with a speed of 3.7 m/s.
target ball after the collision, and (b) the mass of the target ball.

ing softball, and let B represent the ball initially at rest. The initial direction
ection. We have v, =8.5m/s, v, =0, and v, =-3.7m/s.

elationship between the velocities.

(V=) = vy =v,—v,+V, =85m/s-0-3.7m/s =

conservation to solve for the mass of the target ball.
v, =m,V, +myy, —

v_—‘;ﬁ (02201{ )(85m/s——3 71]1/5) W

Vi =) 4.8m/s




Two bumper cars in an amusement park ride collide elastically as one approaches the other directly
from the rear (Fig. 7-34). Car A has a mass of 450 kg and car B 550 kg, owing to differences in passenger
mass. If car A approaches at 4.50m/s and car B is moving at 3.70m/s, calculate (a) their velocities after the
collision, and (b)-the-changesinemiametitim of eaehs

B Letthe original direction of the cars be the positive direction. We have v, =4.50m/s and
v, =3.70m/s
(a) Use Eq. 7-7 to obtain a relationship between the velocities.
vy—vy=—(Vi—Vy) — vi=v,—v,+V, =0.80m/s+v,
Substitute this relationship into the momentum conservation equation for the collision.

_ I ’
myv, +myv, =myv, +my, — mAvA+vaB:mAv:\+mB(O.80m/s+v:\) -

, _ My +my (v, —0.80m/s) _ (450 kg)(4.50m/s) + (550 kg)(2.90m/s

. )
* m, +m, 1000 kg B ()
vy =0.80m/s +, =[4.42m/s]

Conceptual Questions

._3‘
g%’ 4» Why is momentum conserved for ALL collision, regardless of whether they are elastic or not?
Newton’s 3™ Law says that each object feels the same force, but in opposite directions. By extension, they
both feel equal and opposite }\rﬁﬁul—éé?}io the change on momentum is equal and opposite. One might say
that one’s loss is the other’s gain. ™ ] e i

& TF b
= et

4
ke

;gﬁ st 2. ‘fl M\S&ﬁ‘\ﬁ;m Ol
]

} ‘;7 #. A Superball is dropped from a height h onto a hard steel plate (fixed to the Earth), from which it
rebounds at very nearly its original speed. (a) Is the momentum of the ball conserved during any part of
this process? (b) If we consider the ball and Earth as our system, during what parts of the process is
momentum conserved?

(a) The momentum of the ball is not conserved during any part of the process, because there is an
external force acting on the ball at all times — the force of gravity. And there is an upward force on the ball
during the collision. So considering the ball as the system, there are always external forces on it, and so its
momentum is not conserved.

(b) With this definition of the system, all of the forces are internal, and so the momentum of the
Earth-ball system is conserved during the entire process.
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