Physics 101: Lecture 12
Collisions and Explosions

Overview of Semester
e Kinematics: 3 Eqns describing motion under cst a
®Newton’s Laws
B Fy.. = m a = A(mv)/At = Ap/At
® Work-Energy
BH =ma multiply both sides by d
»Wy.=AK  Work-Kinetic Energy Theorem
»W,_ =AE=A(K+U) Work by NC forces is AE
® Useful when know Work done by forces
® Momentum

»F\ . At=Ap If and only if Fy At =1= 0 the next line
holds

B At=1=0=>Ap =0 Momentum is “conserved”
®Both ideas apply in each direction independently
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Collisions
L] m;
[m ] m:

Explosions

M
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“after”

“before"

“after”

General Plan

now

Draw “before”, “after"”

Define system so that F.,; = 0
and momentum is conserved
(i.e., no external impulse)

Set up coordinate axes
Compute Py44q “before”
Compute Ps,pq “after”

Set them equal to each other

Handy relationship:
KE=Ysmv2="smmv2/m =Y:m2v2/m
=p2/2m
Useful for when two bodies
have same momentum
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Elastic Collisions with Gliders

@ If one cart is moving and the other cart is
stationary, and the two have an elastic collision
where both momentum and kinetic energy are
conserved, then from the prelecture you learned that:

_ My—Mp
® VA,Final - VA,lnitial (MA+MB)

_ 2My
® Vs rinat = Vamitiat (—MA +MB)

® Demo

Ballistic Pendulum

o

A projectile of mass m moving horizontally with speed v
strikes a stationary mass M suspended by strings of length
L. Subsequently, m + M rise to a height of H.

Given H, M and m what is the initial speed v of the projectile?

Collision Conserves Momentum After, Conserve Energy

0+mv=(M+m)V

Y5 (M+m) V240 = 0+(M+m) g H

V =sqrt(2 g H)

) M+m
Combine: v= ~2gH
demo L
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°
EXplOSlonS M “before”
(A=1,B=2, C=same | o
Vi .L after
» Example: m; =M/3 m, =2M/3
* Which block has larger [momentum|? 0=
* Each has same [momentum| Pz E);sz

* Which block has larger speed?

* mv same for each = smaller mass has larger speed

Which block has larger kinetic energy?
* KE = mv2/2 = m?v2/2m = p*2m

* = smaller mass has larger KE

* Is kinetic energy conserved?
o e




Collisions or Explosions in
Two Dimensions

e
® O

before after

Pistalx and Pioiq, independently conserved

PToTuI X,before = PToTaI x,after

PToTal,y,before = PToTal y.after

Center of Mass
m17?1

e, = ﬂ Center of Mass = Balance point

xmy
In practice do the above in x and y directions separatelyj
_ myXy + MaXay _ My T MyYay

X Yem =
cm Zmi cm Zmi

Center
of Mass!

Shown is a yummy doughnut. Where ‘
would you expect the center of mass of a
this breakfast of champions to be located? i
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Center of Mass
Prot = MotV

(Piot)/ Miot = Ve FextAT = APt = MigtAV epy

So if F..: = 0 then V_, is constant
AISO: FexT = MToTacm

Center of Mass of a system behaves in a SIMPLE way
- moves like a point particle!
- velocity of CM is unaffected by collision if F,,; = 0

(pork chop demo)




Summary

* Collisions and Explosions
*Draw “before”, “after”
*Define system so that F,,, = 0
*Set up axes
*Compute P, “before”
*Compute P, “after”

*Set them equal to each other
* If external force results in impulse, then [=AP

¢ Center of Mass (Balance Point)
N _ mir + mypnr,

T
cm Zmi

* V_,, does not change in collisions
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