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Example 9.5
/Before After \,\
/ ! ‘ :
/a spheres b spheres) ® 0000 o000 ©
) Loy ‘"“nz:w‘n 1284 =
v V]’ |||i\u|‘:|:’|l\.|1l|u‘|v.
Momentum: amv; = bmvy
av; = by (D
1 1 .1 |“-.
KE: = amv,z' = = bmvzf By ?“ -
P B Can |h\:u|x|>
ot —= bt ) =
22 b33 2
Must conserve both a v f (1)
momentum and KE to 2 b Z (2)
understand results 2 Y v f
==
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Example 9.6

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

what is the velocity of the entangled cars after the collision?

The momenta before and after the collision are Before collision
pi=m1v1,-+m2v2,-=0+m2vu E %
@ 20.0m/s

Pp=mpyy +m,v =(m1+m2)vf i,

Since momentum of the system must be conserved L °°,Il'S'°n
Pi=, ) (moom, )iy =ms P
B

;f = m.,v i — 900x20.0: = 6.67; =5
(m,+m,) 900+1800

READ THE SECOND PART
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MOMENTUM CONSERVATION in a COLLISION
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Examples 9.7
The ballistic pendulum uses conservation laws to find the velocity of a bullet

A gun is fired horizontally into a wooden block suspended
by strings (see Fig.). The bullet stops in the block, which
rises 0.2 m. The mass of the bullet is 0.03 kg, and the
mass of the block is 2 kg. (a) What was the velocity of the
block just after the bullet stopped in it? (b) What was the

velocity of the bullet before it struck the block? ;

103 Phys Dr. Abdallalh M. Azzeer

Two stage process:

The first is the rapid "collision" of the bullet and the block.

The second is the subsequent rise of the block plus the embedded bullet.
Stage 1: Momentum is conserved

m
= V:
mv=m+M)V (m+ij

Stage 2: K+U Energy is conserved
(E;=E))
Tm+M)Vi=(m+M)gh —) V>=2gh ) V =./2gh =1.98 m/s

Eliminating V gives: y = [1+£) 2gh =134 m/s = 482 km/hr
m
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The Ballistic Pendulum

[— -

Bullet Wood Block

copyright 2009@ Tony DiMauro
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Example 9.8

v;= (4.008) m/s vo; = (-2.508) m/s vi= (3.00i) m/s Vos

(a)

A moving block approaches a second moving block
that is attached to a spring (b)

® 2004 Thomson/Brooks Cole

READ & try to solve carefully

Example 9.9
READ & try to solve carefully
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Sample Problem

Two metal spheres, suspended by vertical cords, initially just touch, as shown in Fig. 10-15.
Sphere 1, with mass m, = 30 g, is pulled to the left to height h, = 8.0 cm, and then released from
rest. After swinging down, it undergoes an elastic collision with sphere 2, whose mass m, = 75 g.

What is the velocity v,.of sphere 1 just after the collision?

Emlv W =mgh,

v, =+2gh, = J2)O.8m /52)(0.080m) =1.252m /s

v, = m, —mzv” = 0.030 kg —0.075 kg (1.252m I's) !
m, +m, 0.030 kg +0.075 kg !
=—053Tm/s~—0.54m /s g \é— 3
my omg

The minus sign means that sphere 1 moves to the left just after the
collision

Dr. Abdallah M. Azzeer
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A1 kg steel ball is attached to a light weight 1 m long rod ball pivoted at the other end. The ball is
released at horizontal and the strikes a 3 kg steel block elastically resting on a surface with
coefficient of friction 0.25.

How far does the block travel?

-------
= p=025!""""!
— ' 1
1 1
L ),
T o o e e o e e e e T |
——————
First calculate the velocity of the ball as it hits the block. Potential energy Goesinto kinetic encrgy L
" 2 | oy
mgh = (1/2)mv it v 2gh=J2(98m/y )l Om=ddmis
The collision is elastic and v, =0, so
2my 2my F Iﬂ -
B2 = Bmvp | = flgh = = JIgh=22m/s
my +my M g VT2 .
The gives the initial velocity of the struck block. The kinetic energy Guessmivw wuorn agamns siwuon.
1 i 1 2gh h  1Om L=
=myriy=pmpgl. or Lw Blo _ ZRI 2 M _,0m Ans:L=1m

2w 2ug 4 du 4025
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A 6 g bullet is fired horizontally into a 2.8 kg block resting on a horizontal surface with

coefficient of friction 0.3. The bullet comes to rest in the block and the block slides

0.65 m before coming to stop.

what is the velocity of the bullet?

| L
B ———
- ) = =D }L=0.3 E D\j
m M nrtVk

x=0.65
Conservation of momentum msp my=(m+M) V
Once the bullet-block combination is moving at V, the Kinetic energy, (1/2)(m+M)V2, Goesinto work to
overcome friction gm + M)gx

(1/2)(m+ Mll':' =u(m+ M)gx or l':/?. = jgx

Substituting

(0.30)(9.8m/5")0.65m =%14m/s

2806 [-

0.006""

m+M —

‘[,1";_]"_ = m
2\ m+ M %
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Elastic vs. Inelastic Collisions

A collision is said to be elastic when kinetic energy as well as momentum
is conserved before and after the collision.

Kbefare = Kafter
> Carts colliding with a spring in between, billiard balls, etc.

I Ql‘

A collision is said to be inelastic when kinetic energy is not conserved
before and after the collision, but momentum is conserved.
Kbefore * Kafter

» Car crashes, collisions where objects stick together, etc.

A1

cgo. o

o

4
-
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Comment on Energy Conservation

> We have seen that the total kinetic energy of a system undergoing an
inelastic collision is not conserved.

« Energy is lost:
= Heat (bomb)
= Bending of metal (crashing cars)

> Kinetic energy is not conserved since work is done during the collision!

» Momentum along a certain direction is conserved when there are no
external forces acting in this direction.

= |n general, momentum conservation is easier to satisfy than energy
conservation.

103 Phys Dr. Abdallalh M. Azzeer

9.4 Two-Dimensional Collisions

- : 0
Q 3 d’, Uy, €OS
~vgrsin d)t ~~~~ : - :
(a) Before the collision (b) After the collision
Dio =MV, +myVy, = ml‘_;l_f =k mz‘_’;zf
XMy, +myv,, = My, 5 +nm,V, 4
myv, +0=my,, cosO+m,v, cos

Yimyy, My, =Y, gm0,

0+0=my,, sin®—m,v,, sind
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For elastic
—F 2 1 FE=——=rC 2 1 -
Ko =7my; +3mpy;, =1 myy, +5my,
1 Z— 2 1 2
MV =MVt MLV,
Ifm=m=m

m\71i=m\71f+m\72f :>\71i=\71f+\72f

1 = = = — 2 2

Fmvy; =5m, (vl_/' == /‘)2 == m(vl_/' + Vz_f)
Vip ¥y, = 0 = vlfJ_vz_,.

READ PROBLEM SOLVING HINTS on page 268
L:\103 Phys LECTURES SLIDES\103Phys Slides T1Y3839\CH9Flash
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COLLISION between TWO MASSES
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Example 9.8

A m=1500 kg car traveling east at v,= 25 m/s collides with a m,= 2500 kg van moving north at
v,= 20 m/s. If the car and van stick together following the collision, what is their velocity

(magnitude and direction) immediately after the impact?

Zpyi = Zpyf
O my, = (mc+mv)vf sin@
Lpyi =X Py
(2) meve. =(mg+m,)v , cos®
Divide Eq. (1) by Eq. (2)
1 in© 4
Q M=&=tan9=* = 06=153°
(2) m.v, cos0 3
Substitute in Eq. (1):
m.,v
vf = V'V '
(m, +m, )sin®

103 Phys Dr. Abdallalh M. Azzeer

=15.6 m/s

How much did the total KE change when the m.= 1500 kg car moving at v, =
25 m/s collided with the m, = 2500 kg pick-up traveling at v,,20 m/s?

Recall that afterwards the two vehicles moved together at v,= 15.6 m/s.
AK = Kf -K;
1 2 1 2= 2
= (me+m, vy - (zmcvc +-m,v,

z
=(487-969) kJ =—482 kJ

KE is not conserved. Almost half of it was lost!

103 Phys Dr. Abdallah M. Azzeer

Page 10

Dr. Abdallah Azzeer



103 Phys-CH9-Part3

Dr. Abdallah Azzeer

Begin
5

exampie s Preliminary analysis of a collision

A small compact car with a mass of 1000 kg is traveling north on Morewood Avenue with a speed of
15 m/s. At the intersection of Morewood and Fifth Avenues, it collides with a truck with a mass of 2000 kg
that is traveling east on Fifth Avenue at 10 m/s. Treating each vehicle as a particle, find the total momentum
(magnitude and direction) just before the collision.

y(north)

SOLUTION

SET up Because momentum is a vector quantity, we need coor-
dinate axes. We draw a sketch (Figure 8.2a), labeling the car A
and the truck B.

Pas = Mala. = (1000kg)(0) =0,

Pay = muvs, = (1000 kg)(15m/s) = 1.5 X 10°kg - m/s, * o
Pox = migup, = (2000kg)(10m/s) = 2.0 X 10" kg-m]s, (e
Pry = nigls, = (1000kg)(0) =0 g - 1005

(a)
There are no z p of velocity or
From Equations 8.5, the of the total PR
Pare Its direction is given by the angle 8 in Figure 8.2b, where
P, = myuy, + mpUp, =0+ 2.0 X 10°kg - m/s g 15X 10kg-mfs 3 P
=20 x 10°kg - mfs, B S OX 10°ke -mfs 4 e
P, = myus, + mgvg, = 1.5 X 10°kg - mfs + 0

1.5 X 10* kg - mfs.
REFLECT Itis essential to treat momentum as a vector. When we
The total momentum P is a vector quantity with these compo- add the momenta of the two objects we must do vector addition,
B using the method of components. Each vehicle has momentum in

nents. Its magnitude is 3 sl
only one coordinate direction so has only one nonzero compo-

P=(20x 10°kg-mfs)* + (1.5 X 10°kg - mfs)* nent of but the total of the system has
=25X 10°kg - m/s. both x and y components.
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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 angle ¢ to the same axis. Find the final speeds of the two protons and the

scattering angle of proton #2, ¢.

Since both the particles are protons m=m,=m,..
Using momentum conservation, one obtains @—@ ffffffffff

x-comp. M,V =m,V,, 08 & +m v, cos ¢
vif

y-comp. m v, sin@—m v, sin ¢ —@/\;
-

Canceling m, and put in all known quantities, one obtains—\f—\————]———q—) —————————————————————

v, €037 +v,, cosg =3.50x10° (1)

v, 8in37° =v, sing (2)
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From kinetic energy conservation:

(350x10°) =} +v2,  (3)
Solving Egs. 1-3 equations, one gets | Do this at home®©
v, = 2.80x10°m /s

v, =2.11x10°m /s
o =53.0°

103 Phys Dr. Abdallalh M. Azzeer

Example 9.12

Do this at home®© |
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Momentum = 0
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