PHYSICS 231
Lecture 13: Keeping momentum

The ram of a pile-driver possesses mechanical energy - the
ability to do work. When held at a height, 1t possesses
mechanical energy in the form of potential energy. As it falls
it possesses mechanical energy in the form of kinetic energy.
As it strikes the spike, it applies a force to displace the
spike - 1.e, it does work on the spike.
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quiz (extra credit)

\@w_

At which point are the kinetic and potential energy highest,
respectively?
a) Aand B

d) B and A
e) Dand D
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Momentum & Collisions

When a bullet hits the wall, its velocity
is very much reduced. The wall does not |-
move, although the force on the bullet |
is the same as the force on the wall

(Newton's 3rd law: F g puiler=-Foullet-wall)

F =m a
wall-bullet bullet“bullet - M M
bullet « wall

|::bulle‘r—wall:'rnwallawall /

|Gbulle‘r | >> C(wall
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Is it only the mass???

vbulle’r: 100 m/S

_)'1{; .

When the bullet gets stopped in the wall,
it deaccelerates from its initial velocity
to 0. So, its acceleration is v, .+/At,
with At some small time .

Vbu”eT: 200 m/S

Second law: F g _buiiet=MbulletGbulliet=Mbullet Vbullet” AT
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More general..and formal.

F=ma Newton's 2nd law
F=mAv/At a=Av/At
F=m(Vfing~Vinita)/ At

Define p=mv p: momentum (kgm/s)
F=(Pfina~Pinitial)/ At

F=Ap/At

The net force acting on an object equals
the change in momentum (Ap) in a certain
time period (A1).

Since velocity is a vector, momentum is also
a vector, pointing in the same direction as v.
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Impulse

F=Ap/At Force=change in (mv) per time
period (Af).
Ap=FA% The change in momentum equals
the force acting on the object times
how long you apply the force.
Definition: Ap=Impulse

What if the force is not constant within the time
period At?

Ap=FAt=(F;As+F,As+F;As)=
= At(F,As+F,As+F3As)/ At
= AtF

average

Ap: Faverage AT
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" car hitting wall

The change in momentum (impulse) is the same, but the force

reaches a much higher value when the car hits a walll
PHY 231
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Some examples

, A fennis player receives a shot
approaching him (horizontally) with
50m/s and returns the ball in the
opposite direction with 40m/s. The mass

y of the ball is 0.060 kg.

A) What is the impulse delivered
by the ball to the racket?

B) What is the work done by the
racket on the ball?

A) Impulse=change in momentum (Ap).
AP=M(V¢inal~Vinitia)=0.060(-40-50)=-5.4 kgm/s

B) W= KEfinal'KEini‘rial:%mvfinalz'%mvini‘ral2 (no PEI)
=30.060([-4012-[5012)=-27 J
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Child safety

A friend claims that it is safe to go on a car trip with your
child without a child seat since he can hold onto your 12kg
child even if the car makes a frontal collision (lasting 0.05s
and causing the vehicle to stop completely) at v=50 km/h
(about 30 miles/h). Is he to be trusted?

F=Ap/At  force=impulse per time period

:m(Vf'Vi)/AT

v¢=0 and v;=50km/h=13.9 m/s
m=12kg At=0.05s
F=12(-13.9)/0.05=3336 N y
This force corresponds to lifting [l
a mass of 340 kg :
or about 680 pounds!
DON'T TRUST THIS GUY!
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question

Case A

¥;=10 m/s
e

—

Case B
30 m/s

vf=5 m/s

The velocity change is largest in case:

The acceleration is largest in case:

The momentum change is largest in case:

The impulse is largest in case:
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accident

Caze & Caze B
¥;=2 M3 v:-=5 m/s
& — e
"_ﬁ v.=0 mis
"|"f=4 mfs f

Consider the cases A and B in which a car crashes into
a wall. In which case is the likelihood that the passengers
are severely hurt greater?

A: the change in impulse is largest (A:9m_,. B:5m_,.)
and thus the force acting on the passengers largest
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Momentum p=mv
F=Ap/At

Impulse (the change in momentum) Ap= FAt

Demo: the ‘safe’ bungee jumper

PHY 231
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Conservation of Momentum

- Before collision
Foi1AT = myvye-myvy;
FleT - m2V2f’m2V2i Vi 4&.

my (A) i M0

Newton's 3rd law:

F.=-F Fy, . Fio

12=° 1 21

ml mz

(Mqvie-myvy)=-(M,voe-moyvy)

Rewrite: viy O "2f

MVi+MoVoi=M Vi MoV RE——— (b)
P1itP2i=P1£+P2s

CONSERVATION OF MOMENTUM

PHY 231

CLOSED SYSTEM!
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momentum conservation

Loaded Cart | Dropped BErick
Mass (kg) 3.0 Mass (kg) 20
Vel. (cm/s) 50.0 Vel. (cm/s) 0.0
Mom. (kg cm/fs) 150 Mom. (kg cm/s) 0
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Moving in space

An astronaut (100 kg) is drifting away
from the spaceship with v=0.2 m/s. To get
back he throws a wrench (2 kg) in the
direction away from the ship. With what
velocity does he need to throw the wrench
to move with v=0.1 m/s towards the ship?

E §) 0.1m/sb) 0.2 m/s ) 5 m/s d) 16 m/s
e) this will never work?

Initial momentum: mgv,+m,yv,; =100*0.2+2*0.2=20.4 kgm/s
After throw: MofVartMy eV, s=100%(-0.1)+2*v, . kgm/s

Conservation of momentum: MgV i+m,iV,,i= MaeVartMy Vs

20.4:"10"‘2*wa wa:15.7 m/S

PHY 231
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Types of collisions

Inelastic collisions

Elastic collisions

‘Momentum is conserved
*Some energy is lost in the

collision: KE not conserved

‘Perfectly inelastic: the

objects stick
together.

Before collision

Vii Voi

ajon/syo0sg - UOSWOY] E00Z @

— X

(a)

After collision

J)-*

ml+m2

*Momentum is conserved
‘No energy is lost in the

collision: KE conserved

Before collision

Vii Vo, Q

?’n] —_— +X }?.!.2

After collision

"”Q \)—>

© 2003 Thomson - Brooks/Cole
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