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ANNOUNCEMENTS	
  

•  	
  CAPA	
  Set	
  #	
  9	
  due	
  Friday,	
  March	
  15,	
  at	
  11:59	
  pm	
  	
  

(reminder:	
  please	
  pick	
  up	
  your	
  printed	
  copies!)	
  

•  This	
  week	
  in	
  SecHon:	
  Lab	
  3	
  “Momentum”	
  

	
  	
  	
  
•  Read	
  Giancoli	
  Chapter	
  7.	
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Collisions	
  and	
  Momentum	
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m1	
   m2	
  
v1i	
   v2i	
  

Before	
  the	
  collision:	
  

AOer	
  the	
  collision:	
  

m1	
  
v1f	
   m2	
  

v2f	
  

v1f	
  =	
  final	
  velocity	
  of	
  mass	
  1	
  
v2f	
  =	
  final	
  velocity	
  of	
  mass	
  2	
  

Collisions	
  

These	
  collisions	
  should	
  obey	
  Newton’s	
  Laws	
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Total	
  kineHc	
  energy	
  remains	
  constant	
  during	
  elasHc	
  
collisions:	
  

	
  

KE	
  is	
  conserved	
  	
  	
  	
  or	
  	
  	
  	
  ΔKE	
  =	
  0	
  
	
  

No	
  energy	
  converted	
  to	
  thermal	
  or	
  potenHal	
  energy	
  

ElasDc	
  Collisions	
  

ffii KEKEKEKE 2121 +=+
2
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2
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2

11 2
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2
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2
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2
1

ffii vmvmvmvm +=+
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Real	
  macroscopic	
  objects	
  never	
  have	
  perfectly	
  elasHc	
  
collisions	
  although	
  it’s	
  someHmes	
  a	
  good	
  approximaHon.	
  

InelasHc	
  Collision:	
  KE	
  is	
  not	
  constant;	
  	
  some	
  is	
  converted	
  to	
  
another	
  kind	
  of	
  energy;	
  typically	
  heat	
  or	
  deformaHon.	
  

Totally	
  InelasHc	
  Collision:	
  KE	
  is	
  not	
  conserved,	
  and	
  the	
  
objects	
  sHck	
  together	
  aOer	
  collision.	
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InelasDc	
  Collisions	
  



(Units:	
  kg	
  m/s)	
  	
  
	
  

Total	
  momentum	
  vector	
  is	
  always	
  conserved	
  in	
  collisions	
  
(both	
  elasHc	
  and	
  inelasHc):	
  	
  

momentum     p

=mv

        (a vector)

p


1i + p


2i = p


1 f + p


2 f
ConservaHon	
  of	
  Momentum	
  

mv1i +mv2i = mv1 f +mv2 f (in	
  one-­‐dimension)	
  

New	
  Conserved	
  QuanHty	
  à	
  Momentum	
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Momentum	
  conservaHon	
  greatly	
  facilitates	
  solving	
  collision	
  problems!	
  



Why	
  is	
  Momentum	
  Conserved?	
  
During	
  the	
  collision,	
  Newton’s	
  Third	
  Law	
  applies.	
  

F21	
  =	
  -­‐	
  F12	
  
m2	
  a2=	
  -­‐	
  m1a1	
  

Assume	
  a	
  constant	
  acceleraHon	
  when	
  the	
  objects	
  are	
  in	
  
contact	
  for	
  a	
  Hme	
  Δt	
  

t
vv

t
va if

Δ

−
=

Δ

Δ
= ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

Δ

−
−=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

Δ

−

t
vv

m
t
vv

m ifif 22
2

11
1

iiff vmvmvmvm 22112211 +=+
Momentum	
  conservaDon	
  resulDng	
  from	
  Newton	
  2nd	
  +	
  3rd	
  Law	
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In	
  which	
  situaHon	
  is	
  the	
  magnitude	
  of	
  the	
  	
  
total	
  momentum	
  the	
  largest?	
  

A)  SituaHon	
  I.	
  
B)  SituaHon	
  II.	
  
C)  Same	
  in	
  both.	
  

ptotal	
  =	
  mv	
  +	
  0	
  =	
  mv	
  

Clicker	
  QuesDon	
   Room	
  Frequency	
  BA	
  

ptotal	
  =	
  mv	
  -­‐	
  2mv	
  =	
  -­‐	
  mv	
  

Magnitudes	
  are	
  the	
  same	
  |ptotal|=mv	
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An	
  object	
  of	
  mass	
  m1	
  iniHally	
  moving	
  with	
  speed	
  v1i	
  
collides	
  with	
  another	
  object	
  of	
  mass	
  m2	
  iniHally	
  at	
  rest.	
  

	
  The	
  objects	
  sHck	
  together	
  aOer	
  the	
  collision.	
  

m1	
   m2	
  
v1i	
   v2i=0	
  

Totally	
  InelasDc	
  Collision	
  

What	
  is	
  the	
  velocity	
  of	
  the	
  objects	
  aRer	
  the	
  collision?	
  

m1	
   m2	
  
vf	
  

Before	
  

AOer	
  

ffii vmvmvmvm 22112211 +=+

fi vmmvm )(0 2111 +=+

if v
mm

mv 1
21

1

+
= Does	
  that	
  

make	
  sense?	
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m1	
   m2	
  
v1i	
   v2i=0	
   m1	
   m2	
  

vf	
  

vf =
m1

m1 + m2

v1i

Totally	
  InelasDc	
  Collision	
  
Is	
  KineDc	
  Energy	
  conserved?	
  

Before	
   AOer	
  

0
2
1 2

11 += ii vmKE 2
21 )(

2
1

ff vmmKE +=

From	
  momentum	
  
conservaHon	
  

2
1

2

21

1
21 )(

2
1

if v
mm

mmmKE ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+
+=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+
=

21

12
112

1
mm

mvmKE if
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+
=

21

1

mm
mKEKE if

KineHc	
  Energy	
  Decreases	
  
(not	
  conserved)	
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ElasDc	
  Collision	
  Example	
  
An	
  object	
  of	
  mass	
  m	
  iniHally	
  moving	
  with	
  speed	
  v	
  

collides	
  with	
  another	
  object	
  of	
  mass	
  m	
  iniHally	
  at	
  rest.	
  

m	
   m	
  
v	
   v2i=0	
   Before	
  

For	
  an	
  elasHc	
  collision,	
  what	
  happens	
  aOerwards?	
  

finalinitial pp =
Momentum	
  Conserved	
  

ff mvmvmv 210 +=+
One	
  equaHon,	
  
two	
  unknowns	
  

(v1f	
  &	
  v2f)	
  

KineHc	
  Energy	
  Conserved	
  

2
2

2
1

2

2
1

2
10

2
1

ff mvmvmv +=+

Now	
  we	
  have	
  two	
  
equaHons,	
  two	
  

unknowns	
  (v1f	
  &	
  v2f)	
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ff mvmvmv 21 += 2
2

2
1

2

2
1

2
1

2
1

ff mvmvmv +=

ff vvv 21 += 2
2

2
1

2
ff vvv +=

ff vvv 21 −=

plug	
  in	
  

2
2

2
2

2 )( ff vvvv +−=
2
2

2
22

22 2 fff vvvvvv ++−=
2
22 22 ff vvv =

vv f =2

ff vvv 21 −= 01 =fv
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Momentum	
  Conserved:	
   KineHc	
  Energy	
  Conserved:	
  



m	
   m	
  
v1i	
   v2i=0	
   Before	
  

m	
  
v1f=0	
   AOer	
  m	
  

V2f	
  

Is	
  that	
  really	
  correct?	
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Two	
  masses	
  of	
  size	
  m	
  and	
  3m	
  are	
  at	
  rest	
  on	
  a	
  fricHonless	
  table.	
  	
  

A	
  compressed,	
  massless	
  spring	
  between	
  the	
  masses	
  is	
  suddenly	
  
allowed	
  to	
  uncompress,	
  pushing	
  the	
  masses	
  apart.	
  

	
  
	
  
	
  
	
  
	
  
AOer	
  the	
  masses	
  separate,	
  the	
  speed	
  of	
  m	
  is	
  ______the	
  speed	
  of	
  3m.	
  	
  

A)	
  the	
  same	
  as	
   	
  B)	
  twice 	
  	
  	
  	
  	
  	
  C)	
  3	
  Hmes 	
  	
  	
  	
  	
  	
  	
  	
  D)	
  4	
  Hmes	
  

v1	
  
v2	
  

1	
   2	
  

Clicker	
  QuesDon	
   Room	
  Frequency	
  BA	
  

21 30 mvmv +=
finalinitial pp =

21 3vv −=March	
  13,	
  2013	
   PHYS-­‐2010	
   15	
  



Two	
  masses	
  of	
  size	
  m	
  and	
  3m	
  are	
  at	
  rest	
  on	
  a	
  fricHonless	
  table.	
  	
  

A	
  compressed,	
  massless	
  spring	
  between	
  the	
  masses	
  is	
  suddenly	
  
allowed	
  to	
  uncompress,	
  pushing	
  the	
  masses	
  apart.	
  

	
  
	
  
	
  
	
  
	
  
AOer	
  the	
  masses	
  separate,	
  the	
  KE	
  of	
  m	
  is	
  _______	
  the	
  KE	
  of	
  3m.	
  
A)	
  the	
  same	
  as	
  	
  	
  	
  	
  	
  	
  	
  B)	
  twice	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C)	
  3	
  Hmes 	
   	
  D)	
  9	
  Hmes	
  

-­‐3v	
   v	
  
1	
   2	
  

Clicker	
  QuesDon	
   Room	
  Frequency	
  BA	
  

22
1 2

9)3(
2
1 mvvmKE == 22

2 2
3)3(

2
1 mvvmKE ==
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