Classical Mechanics

Lecture 13

Today’s Concepts:

a) More on Elastic Collisions

b) Average Force during Collisions
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Your comments:

Can we go over some more examples? The spontaneous inclusion of the center of mass
reference frame is throwing me off.

How is momentum conserved in the prefecture question #1 The WiFi on campus is really bac
and makes it hard to get work done, can you petition the right people to fix it? Also do the
staff get to use a secret WiFi that actually works?

Excuse the crappy explanations, | have a calc midterm in the morning and | am too tired to
elaborate.

what happens if u die before getting to a checkpoint?

| don't know what just happened in this lecture. You should all be thankful I'm not becoming
an engineer.

what is the integral of the impulse curve. oh, im also having trouble with reference frames,
could you please go over dis

Physics is cool. o ,
y Watch the movie “Frames of Reference
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http://youtu.be/aRDOqiqBUQY
http://youtu.be/aRDOqiqBUQY

In the last slides of the prelecture, it talked about KZ in terms of different reference
frames and in one of the reference frames the K~ = 0 why?
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Where K rEL 1S the kinetic energy of the objects relative to the Center of Mass

K oM s the kinetic energy of the Center of Mass in the lab frame
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More on Elastic Collisions

In CM frame, the speed of an object before an elastic collision is
the same as the speed of the object after.

ﬂ
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Vl,f vz,f

|V*1,i ~ V*2,i| = |_V*1,f+ V*z,f| = |_(V*1,f_ V*z,f)| = |V*1,f_ V*z,f|

So the magnitude of the difference of the two velocities is the
same before and after the collision.

But the difference of two vectors is the same in any reference
frame. Just Remember This

Rate of approach before an elastic collision is the same as the rate
of separation afterward, in any reference frame!
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Clicker Question

|
! I ......“‘

Consider the two elastic collisions shown below.

In 1, a golf ball moving with speed J” hits a stationary
bowling ball head on. In 2, a bowling ball moving with
the same speed // hits a stationary golf ball.

In which case does the golf ball have the greater speed

after the collision?
A) 1 B) 2 C) same
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Clicker Question

/

A small ball is placed above a much bigger ball,
and both are dropped together from a height /
above the floor. Assume all collisions are elastic.

.ﬁ

What height do the balls bounce back to?

Before A After B C
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Explanation

For an elastic collision, the rate of approach before
is the same as the rate of separation afterward:

Rate of Rate of
approach separation
=2V =2V
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CheckPoint

A block slides to the right with speed /" on a frictionless floor and
collides with a bigger block which is initially at rest. After the
collision the speed of both blocks is /3 in opposite directions. Is
the collision elastic?

A)Yes B)No C)Need more information

Before Collision
V/3
ﬁ
Vi3 4— After Collision
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CheckPoint Response

Is the collision elastic?

A) Yes

:
a—

Before Collision

58 [

Vi3
Vi3 4— After Collision

Another 2-Box Collision: Question 1 (N = 11)

A) Yes, the blocks do not stick together.

B) No because the relative speed before the collision
is V and after it's 2V/3 and since those two do not
equal each other the collision is not elastic.
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Forces during Collisions (review)

F ma F F dt =dP B
tot tot dt tot h L I
| |
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_I_¢ { f tot avg

g Impulse
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Clicker Question

AP=F, At
Two identical blocks, B having twice the mass of A, are initially at rest

on frictionless air tracks. You now apply the same constant force to
both blocks for exactly one second.

F e [ F —>m

_air track air track

The change in momentum of block B is:

A) Twice the change in momentum of block A

B) The same as the change in momentum of block A
C) Half the change in momentum of block A
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Clicker Question

AP=F At

avg

Two boxes, one having twice the mass of the other, are initially at
rest on a horizontal frictionless surface. A force /' acts on the

lighter box and a force 2/ acts on the heavier box. Both forces act

for exactly one second.

Which box ends up with the biggest momentum?

A) Bigger box B) Smaller box

C) same

—

e o

smartPhyrics
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CheckPoint

A constant force acts for a time A7 on a block that is initially at rest
on a frictionless surface, resulting in a final velocity /. Suppose the
experiment is repeated on a block with twice the mass using a
force that’s half as big. For how long would the force have to act to
result in the same final velocity?

F—
A) Four times as long.

C) The same length.

Pushing a Block: Question 1 (N = 11)
80

636

60

40

% of Students

D) Half as long. N o

E) A quarter as long. A s ¢ b e
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CheckPoint

Identical balls are dropped from the same initial height

and bounce back to half the initial height. In Case 1 the ball bounces
off a cement floor and in Case 2 the ball bounces off a piece of
stretchy rubber. In which case is the average force acting on the ball

during the collision the biggest?
A)Casel B)Case2 C)Samein both cases

. Let’s try it again ! .
| o | ?

Case 1 Case 2
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CheckPoint Responses

In which case is the average force acting on the ball
during the collision the biggest?

A)Casel B)Case2 C)Same in both cases

¢ (W 5o _AP

. 1 At
® |

Case 1

Bouncing Ball: Question 1 (N = 11)

81.8

A) Because the same change in momentum
happens in a shorter time.

% of Students

B) its in contact with the ball for longer

C) Because change in momentum is bigger
in Case 2. A €
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HW Problem with demo

Ball Hits Wall

A racquet ball with mass m = 0.249 Kg is moving toward the wall at v = 14.8 m/s and at an angle of 6 =
26° with respect to the horizontal. The ball makes a perfectly elastic collision with the solid, frictionless
wall and rebounds at the same angle with respect to the horizontal. The ball is in contact with the wall for
t=0068s.
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Ball Hits Wall

Another way to look at it

AP =Pr=P;

A racquet ball with mass m = 0.249 kg is moving toward the wall at v = 14 8 m/s and at an angle of =
26° with respect to the horizontal. The ball makes a perfectly elastic collision with the solid, frictionless

wall and rebounds at the same angle with respect to the horizontal. The ball is in contact with the wall for
t=0.068 s.

1) What is the magnitude of the initial momentum of the racquet ball? mv
kg -m/s

2) What Is the magnitude of the change in momenturn of the racquet ball? |AP Xl — 2mV cost
| kg -m/s | | APY | =
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Ball Hits Wall

\ |[F,. | = |AP | /At = 2mv cosO /At

vE

A racquet ball with mass m = 0.249 kg is moving toward the wall at v = 14.8 m/s and at an angle of 8 =
26° with respect to the horizontal. The ball makes a perfectly elastic collision with the solid, frictionless
wall and rebounds at the same angle with respect to the horizontal. The ball is in contact with the wall for
t=0.068s.

3) What is the magnitude of the average force the wall exerts on the racquet ball?
| N
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P
Py AP =PsD;
o D
Py Pi
F,, = AP/At

e

Now the racquet ball Is moving straignt toward the wall at a velocity of v; = 14.8 m/s. The ball makes an
inelastic collision with the solid wall and leaves the wall in the opposite direction at v = -8 m/s. The ball
exerts the same average force on the ball as before.

What is the magnitude of the change in momentum of the racquet ball?

AP| = |p;—p) = mlv,—v]

5) &) What is the time the ball is in contact with the wall? At = AP/Favg

s
| | 1
: 2 2
6) &’ What is the change in kinetic energy of the racquet ball? AK = Emvf ——my;
J
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