Day 23 and 24

Day 23

Take up test

From grade 11…

a) Push a book half way across your desk

b) Push a book all the way across your desk

c) Put a book on top of your book, push them half way across you desk.

W=F*Δd

d) push on a wall = 0 work

e) With one quick push give the single book more energy than (a) but less than (b)


How did the extra work manifest itself? – speed left over at halfway point.

Talk through sample problems – all of chapter 4

4.1 P’s and Q’s as req’d  
P#2-6,9,10

4.2 P’s and Q’s as req’d  
P#1,2,4,7

4.3 P’s and Q’s as req’d  
P#2,5
Q#2

4.4
P’s and Q’s as req’d  
P#1,2,4,6,10,12,14
Q# 5,6

Day 24

WP

Day 25

Overhead notes - Hooke’s Law and Elastic potential energy

R+MN 4.5
P#1-5




Q#9,10,13


Skip SHM

Energy so far…
Ek = ½ mv2




Eg = mgh

Elastic Potential energy - Ee – energy stored by the temporary deformation of an object

Eg]spring, elastic, bow

Hooke’s Law – The magnitude of the restoring force is directly proportional to the distance the spring has been stretched or compressed


Vector form:
F = -kΔd  
because F is in opposite

direction of Δd

Magnitude:

F = kx

Elastic limit – the stretch distance beyond which the spring cannot return to its original shape

	F (N)
	X (m)

	1.73
	0.5

	2.42
	0.7

	4.15
	.12

	5,54
	.16

	7.27
	.21




W=F*d does not work for a spring because F changes

Energy stored in a spring –work done in stretching (or compressing) the spring a distance ‘x’ is given by the area under the F vs. x graph – area is a series of infinitely thin vertical rectangles – calculus – integral

F






kx




x

1. A spring in a pinball machine is compressed 7.5cm.  If k was 45 N/m find the stored Ee.

2. A rifle bullet of mass 25g strikes a block attached to a spring (k=9500 N/m) and compresses it 0.4 m.  Find the speed of the bullet.

Day 26

Sample problem 4 pg 209

Assign launcher 
– you make a launcher to launch your spring into a target box.

· Δd is known

· Θ is your choice

· ‘k’ = ?


Launch day  (
Find ‘k’ for ONE spring – Inv. 4.5.1 pg 220 – check for non-ideality

Work period for spring problems – 4.5

Day 27

Momentum and impulse - overheads

5.1 
P# 1,3,5,7,10


Q#4,5,6,8

Momentum

What would you rather be hit with?

· a medicine ball or baseball if v’s are same.

Newton came up with the concept of Momentum

p = m *  v

p = momentum (kg*m/s)





m = mass (kg)





v = velocity (m/s)


Newton’s #2
F = m*a





Fnet = m  v2-v1





    Δt





= mv2 – mv1





    Δt





=   p2-p1
 Δt


Impulse – J – product of Force acting on an object and Time


J = F*Δt

Sub into above…

J =  Δp Δt
Δt


So…


J = Δp

Impulse is a change in momentum.

Calculus
    F







t1


t2


  t

Impulse is the area under an F vs. t graph during Δt.







t2

J = ∫ F∂t







t1
Day 28

Conservation of Linear Momentum

5.2
P# 1,3,4,5,6,8


Q# 1,3,4,6,7,10

Law of Conservation of Momentum

In all cases of explosion, collision or interaction momentum is conserved. (in a closed system)


ρbefore = ρafter
indicates ‘after’

m1v1 + m2v2 + …  =  m1v1’ + m2v2’ + …

1. A 10 000 kg car moving at 20 m/s collides with a stationary 10 000 kg car and sticks together.  What is the speed (all motion in a straight line) of the wreckage? [10m/s]

2. A 0.050 kg bullet is fired from a 4.0 kg rifle at 280 m/s.  What is the recoil velocity of the gun?  [-3.5m/s]

Day 29 and 30

Spring Shoot – in class (day 29)

Stairs (day 30)

Work period for momentum (if done early on either day)

Day 31

5.3 – Elastic and inelastic collisions

 

P# 2,3,4,10,12

Q#  3,7

Handout – Momentum and Energy Assignment

Momentum and Energy Assignment

1.  An air glider of mass 0.200kg moving at 1m/s elastically collides with another of mass 0.050kg initially at rest.  

a) What are the velocities after collision?

b) What is    v     at minimum separation?

c) How much energy is stored at minimum separation?

2.  If both objects are initially moving as shown…

2 m/s


 1.5m/s


Find v1’ and v2’.

3.  A sphere A, of mass 2.4 kg, moving in a straight line with velocity 10 m/s makes a head-on collision with sphere B, of mass 3.6 kg, which is initially at rest.  The collision is cushioned by a perfectly elastic bumper.

a) What is the velocity of each sphere after the collision? 

[-2.0 m/s, 8.0 m/s]

b) What percent of A’s kinetic energy is transferred to B by the collision. [96%]
4.  A 2.0 kg trolley moving east at 3.0 m/s collides head-on with a 1.0 kg trolley moving west at 2.0 m/s.  After the collision, the 2.0 kg trolley has a velocity of 1.0 m/s east.

a)  What is the final velocity of the 1.0 kg trolley?  [2.0 m/s east]
b)  Is the collision elastic or inelastic?

5.  Two air track gliders of mass 0.30 kg and 0.20 kg are moving towards each other with speeds of 0.50 m/s and 1.0 m/s respectively.  Take the direction of the more massive glider as positive.

a)  If the collision is elastic, find the velocity of each glider after the collision. 

[-0.7 m/s, 0.80 m/s]

b)  The most inelastic collision occurs when the two gliders stick together after impact.  If this were the case, find the velocity of the pair after the collision and the kinetic energy ‘lost’ as a result of the collision.  [-0.10 m/s, 0.135 J]
6.  A 6.0 kg trolley moving at 6.0 m/s right overtakes and collides with a 2.0 kg trolley moving at 2.0 m/s in the same direction on the same track.  The collision is cushioned by a perfectly elastic bumper attached to one of the trolleys.

a)  What is the speed and direction of each trolley after the collision?  

[4.0 m/s right, 8.0 m/s right]

b)  What is the maximum amount of potential energy stored in the bumper during the collision? 
[12 J] 

Collisions and Energy

Energy is neither created nor destroyed in any interaction.  It is merely transformed into different types of energy.

Types:  Kinetic, heat, sound, light, grav. pot.

Kinetic energy MAY NOT be conserved!

1. Elastic Collision – Kinetic Energy IS 

  
conserved.

Ek = Ek’

½ m1v12  + ½ m2v22  =  ½ m1v1’2  +  ½ m2v2’2 

Elasticity usually occurs in “non-contact” interactions. (electrical, magnetic) 

2. Inelastic Collisions – Kinetic Energy IS NOT 

conserved.

Ek = Ek’ + Q        






Energy lost (tough to determine.

Elastic Collision Problems – Ek is conserved

(straight line)

Set-up – Object #1 is moving at v1 then collides with object #2 which was stationary.  They move apart at v1’ and v2’.

½ m1v12  =  ½ m1v1’2  +  ½ m2v2’2
Divide out ½  and bring m1v1’2 to left side.

m1v12 - m1v1’2  =  m2v2’2
factor out m1
m1( v12 – v1’2)  =  m2v2’2
momentum is also conserved so…

m1v1  =   m1v1’  +   m2v2’
Divide out ½  and bring m1v1’ to left side.

m1v1 - m1v1’  =  m2v2’

factor out m1
m1( v1 – v1’)  =  m2v2’

m1( v12 – v1’2)  =  m2v2’2

m1( v1 – v1’)  =  m2v2’

( v12 – v1’2)  =  v2’


     ( v1 – v1’)nnnnnnnn                       


v1 + v1’ = v2’

Sub 3 into 2 and solve for v1’

m1( v1 – v1’)  =  m2(v1 + v1’)

expand

m1v1 – m1v1’  =  m2v1 + m2v1’

m1v1  =  m1v1’+ m2v1 + m2v1’

m1v1 -  m2v1 =  m1v1’+ m2v1’

m1v1 -  m2v1 =  v1’(m1+ m2)


v1(m1 -  m2)  =  v1’


(m1 +  m2)nnnnn   


OR

Sub 3 into 2 and solve for v2’

v1 + v1’ = v2’

rearrange

v1’ = v2’  -  v1
sub 3a into 2

m1( v1 – v1’)  =  m2v2’

m1( v1 –( v2’  -  v1))  =  m2v2’

m1v1 – m1v2’ + m1v1  =  m2v2’

2 m1v1  =  m1v2’  +  m2v2’

2 m1v1  =  v2’(m1  +  m2)


v2’  =     2 m1v1

              (m1  +  m2)

5.4 P # 2b,3,4,5









Day 32

5.4 – Conservation of Momentum in 2-D

If there are no external forces acting on a system then p is conserved.

2-D is just 2 (1D) problems…(components)


px = px’
and
py = py’

eg]  2 balls of equal mass.  One initially at rest.  







V1


indirect hit

After collision the following occurs
  v2’ = 1.1 m/s

+y








40o

     +x








θ









v1’ = 1.36 m/s

Find v1.



Day 33, 34, 35

Day 33

Chapter 4 Review – 
Self Quiz - Skip SHM





Q# 1,6,9,10,12,16,17,22,23,36,37,39

Chapter 5 Review - 
Self Quiz





Q# 7,10,11,12,14,16,18,20,22

Day 34
-
More reviewing.

Day 35 – Test – Chapter 4,5

F





          F





Δd





Δd





If spring is stretched or compressed the spring exerts a restoring force on the mass in the direction of equilibrium position.





-mass at rest


-spring is at natural length


-spring exerts no net force


 on mass  (equilibrium)





  M





  M





  M





k=slope





F





Inelastic – no longer a spring





elastic





x





Elastic limit





This work is stored as elastic potential in the spring.


Ee = ½ kx2 (in J)





W = ½ bh	 


     = ½ x(kx)


     = ½ kx2 





Fnet =   Δp


	     Δt








2 kg








1 kg





 1





 2





 1





 2





Difference


of  squares


factors





 3





 3





 3a





 2





2





1





2





1





x coordinate


ρx = ρx’





m1v1 + m2v2 = m1v1’ + m2v2’


m’s cancel


v1x + 0 = 1.36cosθ + 1.1cos40o


stuck – 2 unknowns





v1x = 2m/s





y coordinate


ρy = ρy’





m1v1 + m2v2 = m1v1’ + m2v2’


m’s cancel


v1y + 0 = -(1.36sinθ) + 1.1sin40o





v1y = 0.707066-1.36 sinθ


but v1y =0 !!





0 = 0.707066-1.36sinθ





θ = 31.4o








