PHYSICS 231
Lecture 14: Collisions IT: The momentum
strikes back.
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Conservation of Momentum

- Before collision
FoiAT = myvie-myvy,
FleT - m2V2f‘m2V2i Vi Vo,

my

Newton's 3rd law:
F..=-F Foi . Fio
12="F o1 -
b omg

(Mqvie-myvy)=-(Myvoe-myvy)

After collision

Rewrite: Viy O Vof

m1V1i+m2V2i:m1V1f+m2V2f © 2003 Thomsn - Brosks/oae (b)
P1itP2i=P1f*Pas

CONSERVATION OF MOMENTUM

PHY 231

CLOSED SYSTEM!
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Types of collisions

Inelastic collisions

Elastic collisions

‘Momentum is conserved
*Some energy is lost in the
collision: KE not conserved
‘Perfectly inelastic: the
objects stick
together.

Before collision
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my + My

—> +X

-Momentum is conserved
‘No energy is lost in the
collision: KE conserved

Before collision

C ) Vii Voi .
my —> +X K

(a)

After collision

vy Q Oﬂ.
—> +X
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Perfectly inelastic collisions
Conservation of P: myvy+myvoi=mvietmov,,

After the collision m; and m, form one new object with mass
M:m1+m2

My Vii+HM,Voi=Ve(My+m,)
Ve=(Mmyvytmavy)/ (mg+m;)

»
»

before after

Demo: perfect inelastic collision on airtrack
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inelastic collision

Truck Car
mass (kg) 3000 mass (kg) 1000
wel. (m/fz) 200 wvel. (m/s) 0.0
mom. (kg m/s) | 60000 mom. (kg m/s) 0

PHY 231



Perfect inelastic collision: an example

50 m/s 20 m/s 25 _m/s

Before © 2003 Thomson - Brooks/Cole After

A car collides into the back of a truck and their bumpers get
stuck. What is the ratio of the mass of the truck and the car?
(Mypyek=C M) What is the fraction of KE lost?

MV +movo=ve(my+m,) B0m +20c*m =25(m +c*m.)
so c=25m./5m_=5

Before collision:  KE;=3m50%+35m_202

After collision:  KE(=36m_ 252

Ratio: KE;/KE;= (6*252)/(50%+5*202)=0.83

177 of the KE is lost (damage to cars!)
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Ballistic Pendulum
How high will the block go?

) There are 2 stages:
Mgier=0.1 kg * The collision

Vbulle1=20 m/; : J-h * The Swing of the block
S e - -~

-_— %‘ = s e - e e e ==
e

The collision The bullet gets stuck in the block (perfect
inelastic collision). Use conservation of momentum.

MV +MoVo=ve(my+m,) soi 0.1%20+1*0=v,(0.1+1) v,=1.8 m/s

The swing of the block Use conservation of Mechanical energy.

(m9h+%mvz)s’rarf of swingc: (mgh"'%mvz)a‘r highest point
0+31.1(1.8)?=1.1%9.81*h so h=0.17 m

Why can't we use Conservation of ME right from the start??
7
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Elastic collisions

Conservation of momentum: mg Vv +m,V,=m VMoV ——
Conservation of KE: 3m;v;2+53m,v, 2= 5 MV 2+ 3 m,v,2

Rewrite conservation of KE:

a) My(Vi-Vie)(Vitvee) = Mo(VoeVoi ) (VoetVy;)
Rewrite conservation of P :
b) my(Vqi-Vig) = mMo(V2¢-Vai)

Divide a) by b):  (vy*+vie)=(Vo+Vy)
rewrite: (V4i-V2i)=(Va-Vis)

|

Use in problems
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elastic collisions

Truck
mass (ki) 3000
wel. (m/s) 200
mom. (kg m/s) | 60000

Car

mass (kg)

1000

wel. (m/z)

0.0

mom. (ki m/s)

Car Truck
mass (kg) 1000 mass (ki) 3000
wel. (m/s) 200 vel. (m/s) 0.0
mom. (kg m/z) | 20000 mom. (kg m/s) 0
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Types of collisions

Inelastic collisions

Elastic collisions

‘Momentum is conserved
*Some energy is lost in the
collision: KE not conserved
‘Perfectly inelastic: the
objects stick
together.

Before collision

: Vi Voi :
—> +X

(a)

After collision
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-Momentum is conserved
‘No energy is lost in the
collision: KE conserved

Before collision

C ) Vii Voi .
my —> +X K

(a)

After collision

vy Q Oﬂ.
—> +X
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(b)
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Review:
Momentum p=mv
Force F=Ap/At
Impulse (the change in momentum) Ap= FAY

Types of collisions

Inelastic collisions Elastic collisions

Momentum is conserved Momentum is conserved
Some energy is lost in the [-No energy is lost in the
collision: KE not conserved | collision: KE conserved
‘Perfectly inelastic: the
objects stick
together.

Conservation of momentum:
MV +MoVoi=M Vi MoV

Conservation of KE:

Conservation of momentum: | 1 1 1
MV 2 MoV 2= MV o+ 3 MpV,6°

M VMoV =(Mme+mo,)ve

PHI/ 231 (Vii-Vai)=(Voe-vig) | 1



elastic collision of equal masses

Before collision G I ven m2_ m].

Q—» <—© What is the velocu’ry of m; and m, after
" the collision in ferms of the initial

K velocity of m, if m, is originally at rest?

After collision

vy 3 Qﬂ m1V1i+m2V2iIm1V1f+m2V2f

MoVoi=MVietM,Vog

(b) Voi=VistVos \ VZf:O
(Vii-V2i)=(Vos-vis) __— Vi£=Vy;
~Vai= Vo Vit

12
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elastic collision of unequal masses

Before collision leen m2_3m1
O—» <—O What is the velocu'ry of m; and m, after
the collision in ferms of the initial
velocity of the moving bullet if
a) m, is originally at rest
w  b)m, is originally at rest
A) M{Vi+HMRV =MV MoV
3MVi=M V1MoV

(a)

After collision

3v2i:v1f+3V2f \ VZf:VZi/Z
(Vli'VZi):(VZf'Vlf) / V1f:3V2i/2

~Vai= Vo Vit
B) myvyi+maVai=myvyrtmyva
m1V1i=m1V1f+m2V2f VZf:VIi/Z

ViVt 3V — v | Vig=Vii/ 2
(V1i~V21)=(V25-Vig) 13
- PHY 231
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question

The kinetic energy of an object is quadrupled. Its momentum

will change by a factor of...
n) ()

c) 4

d) 8

e) 16

E.,=0.5mv? if E, x4 thenv x 2
p=mv if vx 2, thenp x?2

14
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- problem... ....c.

m;=5 kg m,=10 kg. M; slides down and makes
an elastic collision with m,. How high does
\_ it go back up?

Y - | Vo

Step 1. What is the velocity of m, just before it hits m,?
Conservation of ME: (m;gh;+0.5mv?) +=(M;gh+0.5mv2), +1om
5*9.81*5+0=0+0.5*5*v2 S0 v;,=9.9 m/s

Step 2. Collision: Elastic so conservation of momentum AND KE.

© MViitMoVo =M VMoV =5%9.9+0=5% v, +10v, = V.=4.95-0.5% v,

*(ViiV2i)=(Vos-vig) = 9.9-0=v,-vyg = Vpr=9.9+vye -
vi=-3.3m/s< 0 =-4.95-1.5V,,

Step 3. M; moves back up; use conservation of ME again.

(Mygh+0.5mMV?)ygetom=(M1gh+0.5MV2)ing

0 +0.5*5*(-3.3)?=5*9.81*h+O h=0.55 m

PHY 231
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Transporting momentum

M1V MoVoi=M VMoV,

For elastic collision of equal masses

MoVoi=M VMo Vo

Vo£=0
Vit=Vai

(V1i~v2i)=(V25-Vis) _—

~Vai= Vo Vit

© 2003 Thomson - Brooks/Cole

m m “Q*

Vas=0 Vie=0
vlf- v2i vOf- Vli

PHY 231
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Carts on a spring track

Y . K=50 N/m
ol = ¥ A vp=b.0m/s

What is the maximum compression of the spring
if the carts collide a) elastically and b) inelastically?

A) Conservation of momentum and KE
m1V1i+m2V2i:m1V1f+m2V2f — 0.25*5:0.25V1f+o.25V2f :>V1f:5'V2f
(V1i~V2i)=(VaeVie) =57y Vim0 V=5 m/s

Conservation of energy: zmv2=3kx? 0.5*0.25*52=0.5*50x?2
x=0.35 m We could have skipped collision part!l

B) Conservation of momentum only

m1V1|+m2V2| (m1+m2)Vf :>O 25*5 O 5Vf :>Vf:2.5 m/S
Conservation of energy: smv2=3kx? 0.5*0.5*2.52=0.5*50x2
x=0.25 m Part of energy is lost!

PHY 231
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quiz (extra credit)

In a system with 2 moving objects when a collision occurs

between the objects:

a) the total kinetic energy is always conserved

C) the Total Kinetic energy and total momentum are always
conserved

d) neither the kinetic energy nor the momentum is conserved

For both inelastic and elastic collisions, the momentum is
conserved.

18
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Impact of a meteorite
Estimate what happens if a 1-km radius meteorite collides with

earth:a) Is the orbit of earth around the sun changed?

b) how much energy is released?
Assume: meteorite has same density as earth, the collision is
inelastic and the meteorite's v is 10 km/s (r'elcmve ’ro_ear"rh -
"A) Earth's mass: 6E+24 kg radius: 6E+6 m B e a
density=mass/volume=M/(4/3nr3)=6.6E+3 kg/m3 | < >
mass meteorite: 4/31(1000)3*6.6E+3=2.8E+13 kg™ et
Conservation of momentum: m,v +m, v, =(M M Wpe
(2.8E+13)(1E+4)=(6E+24)v, . S0 v,..=4.7E-08 m/s (no change)

B) Energy=Kinetic energy loss: (3m,v 2+3m, V,.2) ~(3M.eVine?)
0.5(2.8E+13)(1E+4)>-0.5(6E+24)(4.7E-08)°=1.4E+21 J
Largest nuclear' bomb existing: 100 megaton TNT=4.2E+17 J

19
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| Playing with blocks

m;=0.5 kg collision is elastic
m,=1.0 kg

hi=2.5 m

h,=2.0 m

\
x\‘\\ﬂ

A) determine the velocity of the blocks after the collision

b) how far back up the track does m; travel?

C) how far away from the bottom of the table does m, land
d) how far away from the bottom of the table does m, land

20
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Determine the velocity of the blocks after the collision
e
m;=0.5 kg collision is elastic

: v mp=l0kg
, h1:2.5 m

h,=2.0 m

/’/ \
,<’\ \
——

Step 1: determine velocity of m; at the bottom of the slide
Conservation of ME (mgh+3zmve);,, =(Mgh+Zmv®)posiom
0.5*9.81*2.5+0=0+0.5*0.5*v?
so: vi=7.0 m/s

Step 2: Conservation of momentum and KE in elastic collision
MVt MoVo=MyVietMoVoe S0 0.5*7+0=0.5v +v,

(V4i-V2i)=(Vo4-Vig) SO 7.0-0=v, vy

Combine these equations and find: vi=-2.3 m/s v,.=4.7 m/s

21
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How far back up does m; go after the collision?

m,;=0.5 kg collision is elastic
T m; = 0.500 kg m2=1.0 kg
I WZ;QZ(;EH? h1:2.5 m

h,=2.0 m
Vig=-2.3 m/s v,.=4.7 m/s

Use conservation of ME:

(m9h+%mvz)boﬁom :(mgh"‘%mvz)back up slide
0+0.5*0.5*(-2.3)?=0.5*9.81*h+0
h=0.27 m

PHY 231
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How far away from the table does m, land?

m;=0.5 kg collision is elastic
T my = 0.500 kg m2=1.0 kg
i -25om hi=2.5 m

h,=2.0 m
Vig=-2.3 m/s v,.=4.7 m/s
h,=0.27 m (after collision back up)

This is a parabolic motion with initial horizontal velocity.

Horizontal vertical
X(1)=x(0)+v,(0)t+3at? y()=y(0)+v,(0)t-zgt2
x(1)=4.7+ 0=2.0-0.5*9.81*t2

x(0.63)=2.96 m ———1=0.63s

23
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How far away from the table does m; land?

- m,=0.5 kg collision is elastic
otk m,=1.0 kg
O h;=2.5 m
: h,=2.0 m
Vig=-2.3 m/s v,.=4.7 m/s
h,=0.27 m (after collision back up)
X,=2.96 m
Use conservation of ME: m; has -v;;:=2.3 m/s when it returns
back at the bottom of the slide.

This is a parabolic motion with initial horizontal velocity.

Horizontal vertical
X(1)=x(0)+v,(0)t+3at? y(t)=y(0)+v,(0)t-zgt2
x(t)=2.3t 0=2.0-0.5*9.81*t2

x1(0.63)=1.45 m ——— 1=0.63 s
PHY 231
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Ballistic balls -0 5m?

Consider only the lowest ball first.
X(1)=1.5-0.5*9.8*12=0 so t=0.55 s
V(1)=-9.81 so V(0.55)=-5.4 m/s m3=0.5m,
Collision with earth:

© MV HMoVoi=myvietmovse (10 earth 2: ball)

" ViitVaimVaVis V1i=0

Vo= (Mo-my)vy/(mrm,)  myp>>m, S0 Voe=-v,,=5.4 m/s
Consider the collision of ball m(=n+1) with ball n

"M Vit M Vini=Mp Ve M Vi

°(Vni_vmi):(vnf-vmf)

me:[Zmnvni"'(mm'mn)vmi]/[mn+mm] & mm:0°5mn

so v,.¢=[2mv,-0.5mv,;1/[1.5m, ]=[1.33v,;-0.33v,,]
*V3£=1.33*5.4-0.33(-5.4)=9.0 m/s
*V,46=1.33%9.-0.33(-5.4)=13.7 m/s
‘v5:=1.33*13.7-0.33(-5.4)=20. m/s -

PHY 231
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Ballistic balls IT

Highest point:
v(1)=20.-9.81=0 s0 t=2.0 s
x(1)=20%-0.5*9.8*2.02=20. m Il

PHY 231

m5:0.5mfr
m4:0.5m3
m3=0.5m
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The next joyride: Rotational motion!

PHY 231
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