July 2, Week 5

Today: Chapter 9, Conservation of Momentum

No Office Hours on Friday.

Homework Assignment #5 - Due Monday, July 7. (Homework
assignment #6 will be due Friday, July 11)

Test #5 on Tuesday, July 8

There will be a reading quiz due Monday.
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Impulse-Momentum Theorem - Variable Forces

The Impulse-Momentum Theorem also holds for non-constant
forces!
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Impulse-Momentum Theorem - Variable Forces

The Impulse-Momentum Theorem also holds for non-constant
forces!

F F,, Is a constant force F A changing force

bty =t J = area

Fav T

t; ts t; s

J = F,At = F, (t; — t;) It Is beyond the scope of

. this course but |J = A
Impulse Is the area . M
under the curve still!
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Variable-Force Exercise |

Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force

shown is applied to theglock for 1 s. What impulse is imparted?
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A 5-kg block is sitting on a horizontal, frictionless floor. The force
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Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force
shown is applied to the block for 1 s. What impulse is imparted?
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Variable-Force Exercise |

Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force
shown is applied to the block for 1 s. What impulse is imparted?
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Impulse-Momentum Theorem: ‘ J = Ap for any forcel
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Variable-Force Exercise I

Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force
shown is applied to the block, how fast is it going after 1 s?

P
P(N) _)-_
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Variable-Force Exercise I

Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force
shown is applied to the block, how fast is it going after 1 s?

N .

(@) 50m/s (b) 25m/s

(c) 10m/s
t(s)
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Variable-Force Exercise I

Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force
shown is applied to the block, how fast is it going after 1 s?

N .

(@) 50m/s (b) 25m/s

(c) 10m/s (d) 5m/s
t(s)
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Variable-Force Exercise I

Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force
shown is applied to the block, how fast is it going after 1 s?
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Variable-Force Exercise I

Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force
shown is applied to the block, how fast is it going after 1 s?

N .

(@) 50m/s (b) 25m/s

(c) 10m/s ‘(d)5m/s|

ts) (e) 0m/s
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Variable-Force Exercise I

Impulse-Momentum Theorem: ‘ J = Ap for any forcel

A 5-kg block is sitting on a horizontal, frictionless floor. The force
shown is applied to the block, how fast is it going after 1 s?

N .

Jo =m(vg) s —m(vy); =

25 kg -m/s = (5kg)(vs); — 0

£(s) ‘(d)5m/s|
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Conservation of Momentum

Conservation of Momentum - In the absence of external forces, the
total momentum of the system cannot change.
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ﬁA on g = Force on B due to A
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Conservation of Momentum

Conservation of Momentum - In the absence of external forces, the
total momentum of the system cannot change.

AT
4 ﬁAonB:TptB

FiﬁlonB

ﬁA on g = Force on B due to A

ﬁ; on 4 = Force on A due to B

T on At Faons =
ﬁBonA:Lm BonAT EFAonB 0
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Conservation of Momentum

Conservation of Momentum - In the absence of external forces, the
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Conservation of Momentum

Conservation of Momentum - In the absence of external forces, the
total momentum of the system cannot change.

ADp

K"ﬁAonB:Tt

FiﬁlonB

ﬁA on g = Force on B due to A

ﬁ; on 4 = Force on A due to B

3rd Law: ﬁB on A — —ﬁA on B

ﬁ AT ﬁBonA"‘ﬁAonB:O
BonA: AI:;A &)
APA _|_APB — (0

A (Pu+ Do) =0 =|A(Pa+Ps) =0| | The total momentum
can’t change
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the system. Always come In
action/reaction pairs
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Conservation of Momentum - In the absence of external forces, the
total momentum of the system cannot change.

External forces

Internal Forces - Forces inside
the system. Always come In

action/reaction pairs
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External Forces - Forces from
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Conservation of Momentum |l

Conservation of Momentum - In the absence of external forces, the
total momentum of the system cannot change.

External forces

Internal Forces - Forces inside
the system. Always come In

action/reaction pairs

P

External Forces - Forces from
outside the system

Internal forces

Impulse Hypothesis - During the small times
that a collision lasts, the external forces are
small compared to the internal forces so we

can ignore them
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Using Conservation of Momentum

A (ﬁA + ﬁB) — 0 = the total momentum of the system can’t
change.
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Using Conservation of Momentum

A (ﬁA + ﬁB) = 0 = the total momentum of the system can't
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Using Conservation of Momentum

A (ﬁA + ﬁB) = 0 = the total momentum of the system can't

change.
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Using Conservation of Momentum

A (ﬁA + ﬁB) = 0 = the total momentum of the system can't

change.
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Using Conservation of Momentum |l
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Before After

mA7A¢ =+ mBVBz' = mAVAf =+ mBVBf

Component Form:
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Using Conservation of Momentum |l

VBi
/VAi

\VAJ,

Before After

mA7A¢ =+ mBVBz' = mAVAf =+ mBVBf
Component Form:

ma (Vaz); + mp (VBz); = ma (Vaz) + mp (VBz)

Momentum

2nd July 2014



Using Conservation of Momentum |l

VBi
/VAi

\VAJ,

Before After

mA7A¢ =+ mBVBz' = mAVAf =+ mBVBf
Component Form:

ma (Vaz); + mp (VBz); = ma (Vaz) + mp (VBz)

ma (Vay); + mp (VBy); = Ma (UAy)f +mp (UBy)f

Momentum

2nd July 2014



Conservation Exercise |

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with another 1-k£¢g mass at rest. If the first mass stops
after the collision, how fast must the second mass be going?

At rest

-2m/8 H

BEFORE
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Conservation Exercise |

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with another 1-k£¢g mass at rest. If the first mass stops
after the collision, how fast must the second mass be going?

At rest At rest

|7 - RS
BEFORE AFTER
(@) 0m/s (b) 1m/s (c) 2m/s
(d) 3m/s
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Conservation Exercise |

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with another 1-k£¢g mass at rest. If the first mass stops
after the collision, how fast must the second mass be going?

2m/s At rest : At rest ,
BEFORE AFTER
(@) 0m/s (b) 1m/s (c)2m/s
(d) 3m/s (e) 4m/s
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Conservation Exercise |

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with another 1-k£¢g mass at rest. If the first mass stops
after the collision, how fast must the second mass be going?

[V nE
BEFORE AFTER
(@) 0m/s (b) 1m/s ‘(C)Qm/sl
(d) 3m/s (e) 4m/s
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Conservation Exercise |

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with another 1-k£¢g mass at rest. If the first mass stops
after the collision, how fast must the second mass be going?

@ B
BEFORE AFTER
(@) 0m/s (b) 1m/s ‘(C)Qm/sl
(d) 3m/s (e) 4m/s

Conservation: (1kg)(2m/s)+0=0+ (1kg)(vps)r = (vBs)r =2m/s
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Conservation Exercise Il

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with a 2-kg mass at rest. If the first mass stops after
the collision, how fast must the second mass be going?

At rest

[ |
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Conservation Exercise Il

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with a 2-kg mass at rest. If the first mass stops after
the collision, how fast must the second mass be going?

At rest
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the collision, how fast must the second mass be going?
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Conservation Exercise Il

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
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the collision, how fast must the second mass be going?

At rest
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Conservation Exercise Il

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with a 2-kg mass at rest. If the first mass stops after
the collision, how fast must the second mass be going?

At rest
| ‘B
2m/s | ?
% :
BEFORE AFTER
(@) 0m/s (b) 1m/s (c)2m/s
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Conservation Exercise Il

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with a 2-kg mass at rest. If the first mass stops after
the collision, how fast must the second mass be going?

At rest
] | At rest
R N E
% :
BEFORE AFTER
(@) 0m/s (b) 1m/s (c)2m/s
(d) 3m/s
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Conservation Exercise Il

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with a 2-kg mass at rest. If the first mass stops after
the collision, how fast must the second mass be going?

At rest
-Qm/s i A% ?
BEFORE AFTER
(@) 0m/s (b) 1m/s (c)2m/s
(d) 3m/s (e) 4m/s
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Conservation Exercise Il

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with a 2-kg mass at rest. If the first mass stops after
the collision, how fast must the second mass be going?

At rest
-Qm/s i A% ?
BEFORE AFTER
(@) 0m/s ‘(b)lm/sl (c)2m/s
(d) 3m/s (e) 4m/s
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Conservation Exercise Il

A 1-kg mass sliding to the right with speed 2m /s on a frictionless
floor collides with a 2-kg mass at rest. If the first mass stops after
the collision, how fast must the second mass be going?

At rest
Dein s | At rest ,
BEFORE AFTER
(@) 0m/s ‘(b)lm/sl (c)2m/s
(d) 3m/s (e) 4m/s

Conservation: (1kg)(2m/s)+0=0+ (2kg)(vps) s = (vBs)r =1m/s
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Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be
going?

At rest
- 3m/s prm—

BEFORE
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Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be

going?
At rest
- 3m/s pmmem 1 1m/s r ?
 — | - —_—
I
BEFORE AFTER
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Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be

going?
Atrest
3m/s H | 1m/5ﬁ ?
—_— : - —_—
BEFORE AFTER

(@) 0m/s

Momentum 2nd July 2014



Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be

going?
Atrest
3m/s | 1m/s ?
BEFORE AFTER
(@) 0m/s (b) 0.5m/s
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Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be

going?
3m/s Atrest gz e ,
I B
BEFORE AFTER
(@) 0m/s (b) 0.5m/s (c) 1m/s
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Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be

going?
|
BEFORE AFTER
(@) 0m/s (b) 0.5m/s (c) 1m/s
(d) 3m/s

Momentum 2nd July 2014



Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be

going?
3m/s % | 1m/Sﬁ ?
BEFORE AFTER
(@) 0m/s (b) 0.5m/s (c) 1m/s
(d) 3m/s (e)4m/s
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Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be

going?
3m/s % | 1m/Sﬁ ?
BEFORE AFTER
(@) 0m/s (b) 0.5m/s ‘(C) 1m/3|
(d) 3m/s (e)4m/s
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Conservation Exercise lll

A 1-kg mass sliding to the right with speed 3m/s on a frictionless
floor collides with a 4-kg mass at rest. If the first mass bounces
back with a speed of 1m/s, how fast must the second mass be

going?
3m/s I% | 1m/5ﬁ ?
BEFORE AFTER
(@) 0m/s (b) 0.5m/s ‘(C) 1m/3|
(d) 3m/s (e)4m/s

Conservation: (1kg)(3m/s)+0= (1kg)(—1m/s) + (4kg)(vp.)¢
(Bkg-m/s) = —(1kg-m/s)+ (4kg)(vBe)r = (4kg-m/s) = (4kg)(vBs)s

Momentum 2nd July 2014
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