PHYS 1443 — Section 003
Lecture #15

Wednesday, Oct. 22, 2002
Dr. Jaehoon Yu
Impulse and Linear Momentum
Collisions
Two dimensional collisions
Center of Mass
Motion of a group of particles

a bk~ o

Homework #8 is due noon, next Wednesday, Oct. 29!

Remember the 2" term exam (ch 6 — 11), Monday, Nov. 3!

Remember the colloquium at 4:00pm today in Rm 103!!!
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Power

 Rate at which work Is performed

— What is the difference for the same car with two different engines (4
cylinder and 8 cylinder) climbing the same hill?

P 8 cylinder car climbs up faster
s the amount of work done by the engines different? NO

Thenwhat is different?  The rate at which the same amount of work
performed is higher for 8 cylinder than 4.

Average power|p = %
Instantaneous power po jjm EW - W _ .9 (). F o= Fvcosg

bteo Dt dt dt

unit? | J/s=Wattq|1HP = 746Watts

What do power companies sell? |11AMH = 1000Watts ~ 3600s=3.6" 10° J
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Linear Momentum and Forces

( ) What can we learn from this
= mv . .
dt  dt Force-momentum relationship?

«  The rate of the change of particle’s momentum is the same as
the net force exerted on it.

«  When net force is 0, the particle’s linear momentum is
constant as a function of time.

« If aparticle is isolated, the particle experiences no net force,
therefore its momentum does not change and is conserved.

Something else we can do The relationship can be used to study
with this relationship. What the case where the mass changes as a
do you think it is? function of time.

Can you think of a Motion of a meteorite Motion of a rocket

few cases like this?
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Conservation of Linear Momentum in a Two
Particle System

Consider a system with two particles that does not have any external
forces exerting onit. What is the impact of Newton’s 39 Law?

If particle#1 exerts force on particle #2, there must be another force that
the particle #2 exerts on #1 as the reaction force. Both the forces are
Internal forces and the net force in the SYSTEM is still 0.

Now how would the momenta Let say that the particle #1 has momentum

of these particles look like? p, and #2 has p, at some point of time.
Using momentum- - dp - dp
force relationship Fa=—| and [Fe==2

And since net force o = — — _dp d_bl dE =)
of this system is 0 a F =Fu+Fa = dt2+ o —&(pﬁpl) =0

Therefore 62 " 51 — congt | The total linear momentum of the system is conserved!!!
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Impulse and Linear Momentum

Net force causes change of momentum =» =_d D 4T = Edt
Newton’s second law o P

By integrating the above T,
equation in a time interval t; to (‘)fdp =p; - p =Dp=Q Fdt Q Fdt= Dp
t;, one can obtain impulse . | |
Impulse of the force F acting on a particle over the time
interval Dt=t,t; is equal to the change of the momentum of
the particle caused by that force. Impulse is the degree of
which an external force changes momentum.

So what do you
think an impulse is?

The above statement is called the impulse-momentum theorem and is equivalent to Newton’s second law

What are the | Defining a time-averaged force | | Impulse can be rewritten ” If force is constant |

dimension and

unit of Impulse? E o 1 +& I_:,d N — ‘ - . ‘
What is th = A~ [ )
direacl:tilgn o? an Dt I 2 F [x I F Dt

impulse vector?

2 1t is generally assumed that the impulse force acts on a

sl . 5
N short time but much greater than any other forces present.
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Example for Impulse

A golf ball of mass 50g is struck by a club. The force exertedon the ball by the club

varies from 0, at the instant before contact, up to some maximum value at which the

ball is deformed and then back to 0 when the ball leaves the club. Assuming the ball
travels 200m, estimate the magnitude of the impulse caused by the collision.

The range R of a projectile is

0/3% r= V2SN He _ 5o0n,
g

Let's assume that launch angle g=45°. ., _ "N = 0a0 =
Then the speed becomes: Ve \/200 J 1960 = 44m/s

Considering the time interval for the v =0 (immediately before the collision)
collision, t; and t;, initial speed and . =44m/ s(immediatéy after thecollision
the final speed are

Therefore the magnitude of the impulse [T = |Dp| =y, - my,
on the ball due to the force of the clubis  _ 0+0.05 44 = 2.2kg>m/ s
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Example for Impluse

In a crash test, an automobile of mass 1500kg collides with a wal. The initial and
final velocities of the automobile are v;=-15.0i m/s and v=2.60i m/s. If the collision

lasts for 0.150 seconds, what would be the impulse caused by the collision and the
average force exerted on the automobile?

Let's assume that the force involved in the collision is a lot larger than any other
forces in the system during the collision. From the problem, he initial and final
momentum of the automobile before and after the collision is

P, =mv, =1500 * (- 15.0)i = - 22500 kg xm/ s

P =mvi=1500 " (2.60)i = 3900i kg xm/ s

Therefore the impulse on the | =Dp =p, - p; =(3900+22500)i kg>m/s

automobile due to the collision I 26400i kg xm/s = 2.64" 10 kgxm/ s
— Dp_264"10"°

The average force exertedonthe F = DOt 0.150

automobile during the collision is ~176" 10Fi kgHm/ 2 =1.76 165 N
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Collisions

Generalized collisions must cover not only the physical contact but also the collisions
without physical contact such as that of electromagnetic ones ina microscopic scale.

The collisions of these ions never involves a
physical contact because the electromagnetic
repulsive force between these two become great

4 as they get closer causing a collision.
|:12

Consider a case of a collision
between a proton on a helium ion.

Assuming no external forces, the force - L=
. t exerted on particle 1 by particle 2,F,,, Dp1 — O F2at
changes the momentum of particle 1 by :

I:21

Likewise for particle 2 by particle 1 ‘DBZ = Sﬁlzdt‘

. = t= -
Using Newton's 3 law we obtain Dp, = Q Fudt=-  F2dt=-Dp,

So the momentum change of the system in the Dp=Dp, +Dp,=0
collision is 0 and the momentum is conserved —

Pwn = P.+ P, =cCONStant
PHYS 1443-003, Fall 2002 8
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Example for Collisions

A car of mass 1800kg stopped at a traffic light is rear-ended by a 900kg car, and
the two become entangled. If the lighter car was moving at 20.0m/s before the
collision what is the velocity of the entangled cars after the collision?

Before collision The momenta before and after the collision are

o in?@’ Pi =mvi +myva =0+ m, vz
@ 0.0m/s
1

Py =MVie +MVor = (ml + mz)Vf
Since momentum of the system must be conserved

Bi :_ij :> (nl"'rnz){)/f :WIZQZi

M,Vai  _ 900 20.0i
(m,+m,) ~ 900+1800

After collision

%

Vi = =6.67I m/s
What can we learn from these equations  The cars are moving in the same direction as the lighter
on the direction and magnitude of the car's original direction to conserve momentum.

velocity before and after the collision? The magnitude is inversely proportional to its own mass.
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Elastic and Inelastic Collisions

Momentum is conserved in any collisions as long as external forces negligible.

Collisions are classified as elastic or inelastic by the conservation of kinetic
energy before and after the collisions.

Elastic A collision in which the total kinetic energy and momentum
Collision are the same before and after the collision.

Inelastic A collision in which the total kinetic energy is not the same
Collision before and after the collision, but momentum is.

Two types of inelastic collisions:Perfectly inelastic and inelastic

Perfectly Inelastic: Two objects stick together after the collision

moving at a certain velocity together.
Inelastic: Colliding objects do not stick together after the collision but

some Kinetic energy is lost.

Note: Momentum is constant in all collisions but kinetic energyis only in elastic collisions.
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Elastic and Perfectly Inelastic Collisions

In perfectly Inelastic collisions, the objectsstick

together after the collision, moving together. MVy +Myva = (M +m,)vs

Momentum is conserved in this collision, so the v = mvl. + mZvZ.
final velocity of the stuck system is (m +m,)
How about elastic collisions? ml(/]j + rm?zi = rqu +mzv2f

In elastic collisions, both the
momentum and the kinetic energy
are conserved. Therefore, the
final speeds in an elastic collision
can be obtained in terms of initial

lml\/z_ +}mzvz_ :lml\/2 +lmzv2
ot TS Y T T TS Tt

2 2

rnl(vli - Vlf) = mz(szi B V§f)
rnl(vli - Vie \Va +V1f) - mz(Vzu

From mo.mentum> le(Vm- - v1f)=r’r§(Vz - V2f)

Vo s+

speeds as conservation abov
o oS 0 ae 0 - 0
m2 =5 1| 2m2 _V2| Zm _\lll anl m2 iV2i
ml"'mz érnl+m2 m+m, g m +m, g
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Two dimensional Collisions

In two dimension, one can use components of momentum to apply

momentum conservation to solve physical problems.

m,V, + m,V, = m\Vi; + m,V,,
@— @ ---------- XCOMP. My vy, + MyVo, = MYV + MpVyg
y-comp. myV

+m,Vv,, = m\V,, +myV

KN liy 2iy fy 2 fy
@/\;I Consider a system of two particle collisions and scatters in
S two dimension as shown in the picture. (This is the case at
N \j ' fixed target accelerator experiments.) The momentum

@\ conservation tells us:
Var

rnlvli + szzi = rn_Lvli
My, = MV + MV, = MV; ¢ COSq + MV, COSF

MVyy = 0 =MV, Moy, =MVy, SING - MV, Sinf

1 1 1 What do you think
2 2 2
> myv_ = 5 mVi; + > m,V; we can learn from

these relationships?
@) PHYS 1443-003, Fall 2002 42

Dr. Jaehoon Yu

And for the elastic conservation,

the kinetic energy is conserved:
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Example of Two Dimensional Collisions

Proton #1 with a speed 3.50x10° m/s collides elastically with proton #2 initially at
rest. After the collision, proton #1 moves at an angle of 37° to the horizontal axis
and proton #2 deflects at an anglef to the same axis. Find the final speeds of the
two protons and the scattering angle of proton #2,f .

M ______________________ Since both the particles are protons m,=m,=m,.
m,) Using momentum conservation, one obtains
NEG x-comp. MyVy =M Vv, cosq + m,V,, cosf
_- @/\;I y-comp. MyVvy, sing - myv,, sinf =0
DS B
s \j f Canceling m; and put in all known quantities, one obtains
@,/\A Vy; €0S37° +V,, cosf =3.50" 10° (1)
2f
From kinetic energy Vif SIN37° = v, sinf - (2)
conservation: _ s 10 °m )
, , Solving Egs. 1-3 Vie = < mrs Do this at
(3-50 105) =v;; +V5;  (3) equations, one gets Ve = 2117 10°m /s | home®
f =53.0°
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Center of Mass
We’ve been solving physical problems treating objects as sizeless

points with masses, but in realistic situation objects have shapes
with masses distributed throughout the body.

Center of mass of a system is the average position of the system's mass and
represents the motion of the system as if all the mass is on the point.

What does above The total external force exerted on the system of
total mass M causes the center of mass to move at
an acceleration givenby a=3 F/M asifall
the mass of the system is concentrated on the
center of mass.

statement tell you
concerning forces being
exerted on the system?

The position of the center of mass of this system is

the mass averaged position of the system

o MiX +myxX, | CMis closer to the
m, +m, heavier object
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@ @_' Consider a massless rod with two balls attached at either end.
R
Xem

Xem
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Center of Mass of a Rigid Object

The formula for CM can be expanded to Rigid Object or a
system of many particles

- . . m. V. - m Z
)%Mzmwwmmzfimx . =6t Y, . :at ¥
m+mbekm g m am | m

The position vector of the | Fem = Xow I ¥ You ]+ Zew k8 ™% ramyiramak
center of mass of a many
particle system is

[e) e é.rni
a mri |
i

M

I cm

A rigid body — an object with shape

and size with mass spread throughout N
the body, ordinary objects - can be o a Dm;x;
considered as a group of particles with | Xcm = '”i“ ' M oxdm
mass m, densely spread throughout
the given shape of the object = 1 -
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