Physics 200 (Stapleton ) Name: /( ex
Chapter 8: Momentum/Impulse/Collisions

Notes - 8.1 Linear Momentum and Force
1. Write the symbol and equation for momentum. /0: rm v

2. Why is the symbol for momentum a lowercase p? \
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3. What are the units for momentum? f:zy
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4. Calculate the momentum of a 110-kg football player running at 8.00 m/s.

pzmv = Hoks (8p) = BEO G/

Notes - 8.2 Impulse

5 Use Newton's 2" Law and the momentum formula to write an equation for Ap in terms of
Force and time. s S
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6. Fret At (more commonly written as Ft) is called //Vl,ﬁh- /5@

7. Impulse is equivalent to a change in _p1 @& A1 ‘/év\ At

8. Imagine a ball falling to the floor and then bouncing upward to a height of 40cm. Now
imagine someone throwing the same ball upward a height of 40cm. In which case is a

greater impulse applied to the ball? Why? In-which-case-is-e-greater-foree-appl
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9. Theeffect of aforc n object depends on (J%Afﬁ»?[/ DA asdueHsasHew
gregt=tre /““tf\ "Ie) j is. A very large force acting for a short time will have a
great effect on The momentum of a tennis ball. A small force could cause the same change
in momentum, but it would have to act for a /Dm nr~ Tl
Quantitatively, the effect we are talking about is TT(e change in /"dee/l 74.;44_, ;

10.  Use the impulse formula to show how the same change in momentum can be accomplished
by a variety of forces and times.

Ap=Ft = e -

11. Suppose a 60kg human is falling from the sky at a rate of 20m/s. If the human hits the
bare ground the average force apphed to ‘rhe person durmg impact is 24 OOON «Efithe )= “,(
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12. Name a few ways in which an understanding of impulse can save lives:
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13. What does the area under a force-time graph 800
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Notes - 8.3 Conservation of Momentum

14, Conservation of momentum formula for 2 objects in an isolated (closed) system...

eV L ng =P, Ve +Plp V.

15. Anisolated system is defined to be one in which the net force acting on the system = 0 ;

16. For an entire isolated system, since Fret At = Ap, when Frer = O then
A prot = L (i.e. the total momentum is constant).

17.  Example Problem: A 3kg object has a velocity of 2m/s before it crashes into a second
object that has been traveling with a velocity of -5m/s. After the collision, the 3kg
object has a velocity of 1m/s, and the other object has a velocity of 2m/s. What is the
mass of the second object?
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Notes - 8.4 & 8.5 Elastic and Inelastic Collisions
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18. How are@an /rr:elasfic)ollisions defined?
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19.  When a collision is inelastic (not elastic), where does the “lost" kinetic energy go?
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20. Give some examples of nearly elastic collisions between macroscopic objects.
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21. When collisions are perfectly elastic, both momentum and KE are conserved, so one can use a
system of 2 equations to find two unknowns when two objects collide (e.g. when objects with
known masses, and initial velocities collide, we can find both final velocities). One equation comes
from conservation of momentum. The other comes from conservation of KE. However, the math
can get ugly. An alternative is to solve problems using the coefficient of restitution...

Coefficient of Restitution: a number from zero to one that tells how elastic a collision is; a ratio of the
separation speed of objects after a collision to their approach (or “closing”) speed before the collision.

Coefficient of Restitution = w
Closing speed

When e =1...
e objects separate as fast as they came together
o 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=1

When e=0...
e objects do not separate
e the collision is perfectly inelastic.
e Kinetic energy is lost to friction.
e 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

When 1>e>0, objects separate, but not as fast as they came together. Some energy is lost to friction.

> S
i Coefﬂcnent of Restltutlon® = %-—;“—« ..where Va = initial velocity of object A, Vb = initial velocity of

I:Jject B and va' and Vb = their final velocities.
Whene=1, V,' =V, =V, -V,
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,,.'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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Ballistic Pendulums

Consider the system below, which includes a ballistic pendulum (target/box) and a projectile (circle). Assume
that the string supports of the pendulum have negligible friction, that air resistance is also negligible, and that
the projectile does not drop significantly before it hits the pendulum...
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..when is momentum conserved? Why?
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..when is momentum not conserved? Why?
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/ "';r'f,;. £ ) Launch 2 Your Launch
Projectile [Aass (V) ().0.1,' < 0.5
Pendulurm 14255 (Vg) 1 0.02
Lvdng Height, " (m) \ 0.5 0.4
Projectile Initial Velocity (m/s) J

As a class, ansviers the following questions using “launch 1” data, Complete the rest on your own,

1. What s the {otal pote ntialencrgy of the ball gnd pe ndulumi)hv ”va later”. p;cturc? s
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2 VWhat vias the total Kinetic eng rey of he-ball and pendulum in the “just after” picture? )
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% Vihat viis the shared velocity of the ball an d pe ndulum in the “Just after” picture?
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4, Vhist via the ne trfw nturn of the ball and pendulum in the “j ust after” picture
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5. V/hia w/,/mr’;rm nturn.of. tbh hall hefore the collision?
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