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9.4 Two-Dimensional Collisions

» For two dimensional collisions, we obtain two component equations for
conservation of momentum:

mlvlix +m2V 21X = mlvlfx -|-m2V 2fx

mlvliy +m2V 21y — mlvlfy -|-m2V 2fy

consider a 2-D
problem in which
particle 1 of mass
m, collides

with particle 2 of

Uy COS ()
mass m, , where Y
particle 2 is initially o sin fﬁz,l,- _l\
at rest, as in Figure Vof

(a) Before the collision (b) After the collision




9.4 Two-Dimensional Collisions (continued)

» Applying the law of conservation of momentum in component form and

noting that the initial y component of the momentum of the two-particle
system Is zero, we obtain:

my, =my, Cos@+my, COS@ (9.24)
O=my, Sinéd-—my, Sing (9.25)

» where the minus sign in Equation 9.25 comes from the fact that after the
colliston, particle 2 has a y component of velocity that is downward.

» If the collision is elastic, we can also use Equation 9.16 (conservation of
Kinetic energy) with v,; = 0 to give:

%mlvliz :%mlvlfz_l_%mZVZfz (9.26)




PROBLE M-SOLV ING HI NTS

» Set up a coordinate system and define your velocities with respect to that
system.

» In your sketch of the coordinate system, draw and label all velocity
vectors and include all the given information.

» Write expressions for the x and y components of the momentum of each
object before and after the collision.

» Write expressions for the total momentum of the system in the x and y
directions before and after the collision and equate the two..

» If the collision is inelastic, kinetic energy of the system is not conserved,
and additional information is probably required.

» If the collision is perfectly inelastic, the final velocities of the two objects
are equal. Solve the momentum equations for the unknown quantities.

» If the collision is elastic, kinetic energy Is conserved, and you can equate
the total kinetic energy before and after the collision.




Example 9.10 Collision at an Intersection

A 1 500-kg car traveling east with a speed of 25.0 m/s
collides at an intersection with a 2 500-kg van traveling
north at a speed of 20.0 m/s, as shown in Figure 9.14.
Find the direction and magnitude of the velocity of the
wreckage after the collision, assuming that the vehicles
undergo a perfectly inelastic collision (that is, they stick
together).

Solution:

We shall apply the conservation of momentum in each
direction.

X MV g T MV i =MV MRV o (1)

Lix

Yy - MyVyg MV o =MV + MV o (2)




Example 9.10 (continued)

Solving to find final velocity and direction:

(1) = (1500)(25) + (2500)(0) = (1500 + 2500)v ,,
37500

= 72000
(2) —: (1500)(0) + (2500)(20) = (1500 + 2500)v,,

.y _ 50000
Y4000

D)+ (2) >,

=9.37m/s

=12.5m /s

Vv
H—tanl(




9.5 The Center of Mass

» The center of mass of the pair of particles described in Figure is located
on the x axis and lies somewhere between the particles. Its X coordinate is
given by:

g’ m,X, +m,X,

CM
m, +m,

(9.27)

» \We can extend this concept to a system of many particles with masses mi

_ MX, +MyX, +MyX,+...4 M X,
m, +m,+m,+..+m_

Zi:mixi Zmixi
- Zmi Y
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9.5 The Center of Mass (continued)

» \We can do the same for y and z:

Zmiyi Zmizi
Yy Zew =~

> o =Xg T4y, J+2. K

Smx i +>my, j+>mzk

\Y

Yem

> omr,
or =-
M
with: . :xiiA+yijA+zik

N\

L)

(9.30)
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9.5 The Center of Mass (Integral form)

» When mass is distributed uniformly over the space:

m, — Am,

Xow = lim % j xdm (9.31)

You =——[ydm  and Zoy =——[zdm (9.32)

In general:
1
ey = i I rdm
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Quiz 9.10

My Quiz

Question 4 of 16 | - ] [ 4 | > ] Point Value: 20 | Total Points: 10 out of 160

Match the following items:

Item 1 d dl ltem 5
&
p—
ltem 2 d C:[ Item 6
Iltem 3 CI’ Iltem 7
ltem 4 d d Iltem 8

Click the &4 Quiz button on
iISpring Pro toolbar to edit your
quiz




Example 9.13 The CM of Three Particles

yim)

A system consists of three particles located as shown In

Figure . Find the center of mass of the system.
m,X, +m,X, +m, X,

X —_ 2 M
CM 2 3
m,+m,+m,

_O0O+0@+QO g5 ||

1+1+2 i““
m1y1+m2y2+m|y3 My "y

yCM — 2 3 xim)
m,+m, +m,

_OO+OO+@) _,
1+1+2

Ty =X eyl + Yoy J =(0.751 +1.0j)m

3




Example 9.14 The Center of Mass of a Rod

Show that the center of mass of a rod of mass M and length L lies midway
between its ends, assuming the rod has a uniform mass per unit length

" Xeum :Mijxdm

We shall find an expression for the quantity dm: use dm = Adx where A Is
the longitudinal density.

1 & Y Y K.
... XCM :_J‘X Adx — -—
M M 21 2M

0

f:."l m= Adx




Example 9.15 The CM of a Right Triangle

Find CM of the uniform triangle shown in figure.
Solution: we use surface density p to express dm as: pydx

1 13
" X, :ijdm :ij(pydx) 1)
0

EXxpressing y In X: °.°b _J =y =Ex (2)
a X a
b 1 b

. 1 <
2)in(1):X ., =— | X (0—xdx) = p—— | x “dx
(2) in (1):x g, Ml("a ) P al

e 1 bl|x3[ 1ba’ (1, 12a
e TP R3], PMasz \277)3m

2
:>XCI\/I :ga




Lecture Summary

» For two dimensional collisions, we obtain two component equations for
conservation of momentum:

MV MV o =MV MV o
my
» The center of mass of the pair of particles:

_Zi:mixi _Zi:miyi > m,z,

XCM M yCM M ZCM Wi

liy +m2V2iy 3 r.nlvlfy +m2v2fy

» When mass is distributed uniformly over the space:

s :Mijxdm Yeum :Mijydm Z oy =Mijzdm
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