PHYS 1443 — Section 003
Lecture #11

Monday, Oct. 21, 2002
Dr. Jaehoon Yu

Collisions in Two Dimension

2. Center of Mass
«  Definition
« CMofaRigid Object
«  Center of Mass and Center of Gravity

3. Motion of a Group of Particles
4.  Rocket Propulsion
5. Fundamentals on Rotation

Today’s homework is homework #12, due 12:00pm, next Monday!!
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Announcements

e 27 Term exam
— Wednesday, Oct. 30, in the class
— Covers chapters 6 — 10
— Mixture of Multiple choice and Essay problems
— Review on Monday, Oct. 28

« Magda Cortez, please come and talk to me after the class
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Two dimensional Collisions
In two dimension, one can use components of momentum to apply

momentum conservation to solve physical problems.

|m1V1i + m2V2i — m1V1f + m2V2f

V..
1i
— - _
@ @ X Comp' m VlIX +m V2|x - mlvlfx + m2V2 fx
NI y-comp.  MyVy, + M,V =MV, +m,V,
q Consider a system of two particle collisions and scatters in
SR U A — two dimension as shown in the picture. (This is the case at
N f : .
fixed target accelerator experiments.) The momentum
@\ conservation tells us:
Vor

n“_l.vlf + rrbVZf = n]_VlI
My =MV MV = My COSY + MLV, ¢ COSf

mvy;, = 0 =MV, MV, =MV, SINg - My, Sinf

And for the elastic conservation, 1 2_ mlvz LA What d? you ;hink
. . i — —mV;; + MV, we can learn from
the kinetic energy Is conserved: 2 2 N
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Example 9.9

A 1500kg car traveling east with a speed of 25.0 m/s collides atan interaction with a 2500kg
van traveling north at a speed of 20.0 m/s. After the collision the two cars stuck to each
other, and the wreckage is moving together. Determine the veloaty of the wreckage after the
collision, assuming the vehicles underwent a perfectly inelastic collision.

ﬂ Vi The initial momentum of the two car system before the collisionis

P, =MV, i +myV, j =1500" 25.0 +2500" 20.0]

z : =
=3.75" 10* +5.0" 10" |
“/‘xy The final momentum of the two car system after the perfectly
% inelastic collision is
p, =(m + mz)(vfxi +Vy, j) =4.0" 10°v,i +4.0" 10°v |
s aq4
Using X-como. P« = P + =mv,, +0] v :(rqle+0)= 375 10 =9.38m/s
momentum p [P = Pu] [+ =, +0f v, m+m, 1500+ 2500
conservation A
vfy=(o+ M) 8010 1) gy
m+m, 1500+ 2500

—e Y-comp.Ipfy = piy”(”l"'mz)vfyzO"'szZyl
|pf = pil

Vi =Vin+nyj:(9.38i+12.5j /s
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Example 9.10

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 .

@ Vp Since both the particles are protons m;=m,=m,.
@ Using momentum conservation, one obtains
N g x-comp. MyVy; =MV, cosq + MV, cosf
</’®/vq ______________ y-comp. MyVye SINQ - MV, Snf =0
N Canceling m, and put in all known quantities, one obtains
@,/2\A |v1f cos37° +V,, cosf =3.50" 10° (1)|
"
From kinetic energy |V1f sin37° =v,; sinf  (2) |
conservation:

— Solving Egs. 1-3
|(3-50 10) =2+, (3)| equations, one gets
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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
statement tell you total mass M causes the center of mass to move at
an acceleration givenby a=§ F /M asifall

concerning forces beln?g the mass of the system is concentrated on the
exerted on the system’ center of mass.

Consider a massless rod with two balls attached at either end.

The position of the center of mass of this system is

the mass averaged position of the system

o MX +myX, | CMis closer to the
m, +m, heavier object
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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

o o o
a mx a my; a Mz
_ MM+ M X, _ — i — i
Xem = -9 Yo = 3 Zem =70
m+mexem, g m am am
The position vector of the Fom = Xou |+ You |+ 2y k _d M Trdmyi+d mak
center of mass of a many 2 mr G
particle system is Fow = —
M
A é_ Dm; x;
A rigid body — an object with shape Xow » =
and size with mass spread throughout s
fi the body, ordinary objects — can be - a bmpgg, .
Fom considered as a group of particles with Xem = D';,{go ' M VOde
» | mass m, densely spread throughout
the given shape of the object - 1 -
_ Few =— cydm
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Center of Mass and Center of Gravity

The center of mass of any symmetric object lies on an
axis of symmetry and on any plane of symmetry, if
object’s mass Is evenly distributed throughout the body.

_ Axis of
. One can use gravity to locate CM. symmetry
How do you think you 1. Hang the object by one point and draw a vertical line
can determine the CM of following a plum-hob.

objects that are not

symmetric? 2. Hang the object by another point and do the same.

3. The point where the two lines meet is the CM.

Since a rigid object can be considered ascollection

of small masses, one can see the total gravitational
force exerted on the object as

—>_°—>_° - —
Fg—a Fi—a_ Dmlg:Mg

Center of Gravity

Dg What does this The ne_t effegt of these small grawtatlongl
: I vou? forcgs IS equivalent to a smg_le force acting on
equation tell you a point (Center of Gravity) with mass M.
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Example 9.12

A system consists of three particles as shown in the figure. Fnd the
position of the center of mass of this system.

Using the formula for CM for each
y=2@® 02 position vector component
(0.75,4) é_- U2 é_ my
e Xem =~ Yo =3
am am
(1L,0)  (20) i i
a2 - _(m+am)i+am]

One obtains rey =x,,

8™ mgrme tm . m+2m,
am  mEmem mem+m

Xem

i"'Yc:lvlj -

m +m, +my
If [m, = 2kg; m, = m, =1kg

v AW my+my,+my, _ 2m
M- am m +m, +m, m +m, +m,

> —

= 3 +4]

Fem =

=0.75 + |
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Example 9.13

Show that the center of mass of a rod of massM and length L lies in midway
between its ends, assuming the rod has a uniform mass per unit length.
A L The formula for CM of a continuous object is
< _ 1 x=L d
XCM _VQ:O xam
o » Since the density of the rod (I ) is constant: | =M /L
dm=I dx  The mass of a small segment |{dm=1 dx
1 et 16, ,u° _1a8 ,6_1lad,, 6 L
Therefore =—q Ixdx=—2Ix, =—clLli=—cML:==
Xem M Qo M& l\/ng g Mgé g 2
Find the CM when the density of the rod non-uniform but varies linearly as a function of x,| =a x
_ =L _ \X:L . . i X=L
M = Q! dx = Q. axdx X =ié<_L| < =i6_LaX2dX 1 gia sU
él 0X=L 1 M =0 M =0 83 HX:O
= x—ax’, ==al? i}
82 HX:O 2 XCM :ié_al_gg :ig_ MLQ:&
: e3 g Mé3 g 3 10
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Motion of a Group of Particles

We’ve learned that the CM of a system can represent the motion of a system.
Therefore, for an isolated system of many particles in which the total mass
M is preserved, the velocity, total momentum, acceleration of the system are

Velocity of the system

Total Momentum
of the system

Acceleration of

=~ dFCM =£591 'r'g_ 1o d?i _ém;/i
oM g dtem A T aAm g = M
- - - _). o - o —
pCM:MVCM:MaTmzamVi =a P, = P

the system M™ gt dtéM 2 M d M
External force exerting | £ - _9o - dp, [|Whataboutthe
- —_ adi = — ot .
on the system A e =Macu =am dt internal forces?
. or df) : System’s momentum
| F (=" |p_ =const| |:
If net external force is 0 ar,; = |ptt | < conserved.
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