


Physics 12 - Work and Energy Name:

WORK is defined as the transfer of energy from one body to another.
We can calculate the work done on an object with:
Units -

Note that these are the same units as torque yet they are used to describe very difference

quantities.

Work against Gravity:

How much work is required to lift a 2.0 kg textbook from the floor to a height of 1.5 m

at a constant velocity?

We know that W = Fed, so we need to determine the force needed to lift the book at a

constant velocity.

Forces at an angle:

A boy is pulling his sled at a constant velocity of 1.2 m/s. He pulls the 15 kg sled with a
force of 35 N at an angle of 40° to the horizontal. How much work does he do in pulling
the sled 20 m?

Rule: When finding the work done on an object we only consider =

Most of the time the angle is 180° and cos180 = 1, so the formula becomes W=F°d




Net Force vs. Applied Force — Which one do we use when calculating work?

A physics student is pushing a rope 15 m across a flat surface. The student pushes the
rope with a force of 220 N, while the force of friction is 120 N. How much work is the
student doing?

To find the amount of work done by the student should we use ZF or Fa?

So when would we use net force?

Rule: When finding the total work done on an object, we always use the applied force.

Whyv can work be positive or negative when it is a scalar quantity?

Work is the product of a scalar and a vector, but work is scalar. However, work can be

positive or negative...

The concept of work plays an important role in physics since it connects Newton’s
second law of motion to the important scalar quantities of kinetic energy and potential

energy (through the work-energy theorem).
Example 1

A constant force of 40.0 N is needed to accelerate a car as it moves 5.0 km down the

road. How much work is done? Does the energy of the car increase or decrease?



Example 2

In reality, we know there will also be a force of friction acting between the surface of the
road and the tires. How much work does the force do? Is this work causing an increase

or decrease in the energy of the car?

Using a Force vs. Displacement Graph —

The graph below shows the component F of the net force that acts on a 5.0kg object as it
moves along a flat horizontal surface. This information is graphed against the

displacement of the object.

The work done by a force between two points equals the area under the curve of force vs. distance
bebween fwo points.
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Work Done by a Variable Force

The work done by a variable force (a force that changes throughout the motion) is equal

to the area under the F vs.d curve.



The graph shows a variable force acting on a 15.0 kg mass on a level surface which is initially at
rest. Find the total work done on the block. Find the final speed of the mass assuming friction is
negligible.
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WORK-ENERGY THEOREM -

Work-Energy Relationships so far:




With Kinetic Energy:
When we accelerate an object we do work by changing the object’s kinetic energy.

We can use the work-energy theorem to find the speed of an object and this gives us

another framework to solve problems involving motion.
Example 1

If an 85.0 kg has a Net Work of 600 ] done on it in order to accelerate it across a level

horizontal floor starting from rest, what is the final velocity.

Another common use of the work-energy theorem is finding information about the

forces acting on the object.
Example 2

A baseball pitcher can throw a 90.0g baseball with speed measured by a radar gun of
130 km/h. Assuming that the force exerted by the pitcher on the ball acts over a distance
of 0.90m, what is the applied force exerted by the pitcher on the ball (with no friction)?



With Gravitational Potential Energy -

The gravitational force is one of a class of “special” forces called conservative forces.
What makes the gravitational force special is that the work done on an object by gravity
ONLY depends on its initial and final position. The work does NOT depend the path
taken between the initial and final position.

When an object is lifted, work is done by gravity on the object over a distance. The
height is changed as an object is lifted. A change in height produces a change in

potential energy.
Example 3

A 3.00 kg model rocket is launched vertically upward with sufficient initial speed to
reach a height of 100m. However, air resistance (a non-conservative force), performed
8.00 x 102 of work on the rocket. If we were to ignore air resistance, how high would the

rocket have gone?
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Assignment — Work and Energy Problems

1. A 10.0 kg object is accelerated horizontally from rest to a velocity of 11.0 m/s in 5.00s

by a horizontal force.
a) How much work is done on this object if the object is on a frictionless surface? (605])

b) How much work is done in slowing the car if there is a coefficient of kinetic friction
of 0.115 between the object and the horizontal surface? (-310J)

2. How much work is required to accelerate a 1.10 x 10° kg car from rest to 5.00 km/h

along a level, frictionless surface?

3. A 150 N force is pulling a 50.0 kg box along a horizontal surface. The force acts at an

angle of 25.0% as shown in the diagram. If this force acts through a displacement of 12.0

m, and the coefficient of kinetic friction is 0.250, what is the speed of the box, assuming

it started from rest? What if its initial velocity was 2.00 m/s? (3.75 m/s, 4.25 m/s)
F=150N

25.0°

e

4. A 2000 kg truck descending on a 5.0° hill is brought to a stop in 250 m. The driver
applies the brakes so that the wheels lock.

a) If the coefficient of kinetic friction between the truck tires and the road is 0.60, how

much work is done by friction in stopping the truck? (-2.93 x 10¢ J)
b) How much work is done on the truck by gravity? (4.27 x 10°])

c) How fast was the truck travelling immediately before the brakes were applied?
(54.1m/s)



5. Given the following force-displacement graph of an object being pulled along a level
surface, what is the work done in moving the object 8.0 m? Which force is responsible

for the work on the object shown here?
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6. A student wants to lift a 20 kg crate off a floor.

a) If the crate is lifted a height of 0.80 m at a constant speed, what is the work done by
the student? (157 J)

b) If the crate is lifted to a height of 0.80 m at a constant speed using a frictionless ramp
with an angle of 60° above the horizontal, what is the required force and the work done
by the student? (170 N, 157 J)

c) If the crate is lifted to a height of 0.80 m at a constant speed using a frictionless ramp
with an angle of 30° above the horizontal, what is the required force and the work done

by the student? (98 N, 157 J)

d) If the crate is lifted to a height of 0.80 m at a constant speed using a ramp with an
angle of 30° above the horizontal, and the coefficient of kinetic friction between the crate
and the ramp is 0.30, what is the required force and the work done by the student?
(149N, 238 )



7. A system containing a frictionless pulley is illustrated below. If this system is
released, at what speed does the 12.0 kg object hit the floor? (3.14 m/s)

12.0 kg
1.50 m
6.00 kg Floor

8. A 45.0 kg box is pulled across a horizontal surface by a constant horizontal force of
192 N. If the box starts from rest, and the coefficient of kinetic friction is 0.35, what is the
final speed of the box when it has travelled 8.0 m? (3.68 m/s)

9. How much energy is needed to accelerate a 1.1 x 10° kg object along a horizontal
frictionless surface from 15 km/h to 25 km/h in 5.0 s? (1.7 x 104 ])

10. A 4.0 kg box moves on a floor by a force that varies with distance as shown in graph.

What is the speed of the box after moving 15 m starting from rest? (100 J)
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11. A 1200 kg car is travelling at 10 m/s.
a) If the car is accelerated from 10 m/s to 15 m/s, how much work is required? (7.5x10)

b) If the car is accelerated again from 15 m/s to 20 m/s, how much work is required?
(1.1x10°J)

c) The car is traveling at 10 m/s comes to a stop in 12 m when its brakes are applied. If
the speed of the car is doubled to 20 m/s and all else is the same, how far will the car

move before coming to a stop? (48 m)

12. A 0.08 kg arrow is drawn back from a bow whose string exerts an average net force

of 120 N on the arrow over a distance of 0.90 m.
a) How much energy is stored in the bow? (108 J)
b) What is the speed of the arrow when it leaves the bow? (52.0 m/s)

c) When the arrow hits a wooden target, an average force of 4500 N brings the arrow to
rest. What distance does the arrow penetrate the wooden target? Ignore air resistance.
(0.024m)
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Physics 12 - Conservation of Energy

Energy is neither created nor destroyed. It may only be from
one type to another. This means that if we are looking at a closed system (a situation

that has no outside sources of energy), the

There are many forms of energy: mechanical (potential and kinetic), thermal, electrical,

total change in energy is always

nuclear, chemical etc. One form of energy can be converted into another form by

We will be mainly focusing on potential and kinetic (and a little bit of thermal) energy.

Potential Energy (PE):

Remember:
Potential Energy is always...

/Total Initial Energy = Total Final Energy\

L4

Kinetic Energy (KE):

ﬁf otal Change in Energy =0

\

o

All gravitational
potential energy

1/2 gravitational
potential energy,

1/2 kinetic energy

‘%{AII kinetic energy

But at all times the SUM of the gravitational potential energy and the kinetic energy is

constant.



The principle of the conservation of energy states that the energy can be

transformed into another form, but the total energy remains the same. This is

true even when there is friction. ' ‘
PE KE

PE KE

Cy half KE
¥ half PE
PEKE

Some terms to know:

Conservative Force — A force which does work on an object that is independent of the
path taken by the object between its starting point and ending point.

Both gravitational and elastic forces are considered conservative forces. This means
that work done against the force (energy) can be recovered = it is stored.

Non-Conservative Force — A force whose work on an object IS DEPENDENT on the
path taken by the object from starting point to ending point.

An example of a non-conservative force is friction. When work is done against
friction, the energy cannot be recovered as it is converted to another form = mainly
thermal energy.

When work is done by a non-conservative force, it produces a change in the total
mechanical energy of the object.

Last class we learned through the work-energy theorem that:
The change in Potential Energy of an object is equal to the work done on the object.

The change in Kinetic Energy of an object is equal to the work done on the object.



Example: The first peak of a roller coaster is 55 m above the ground. The 1200 kg car
starts from rest and goes down the hill and up a second hill which is 30 m high. How
fast is the car traveling at the top of the second hill? (assume no friction)

When we are dealing with non-conservative forces (such as friction) acting on an
object, not all energy will be transferred between KE and PE.

The “work” done by friction on an object will change some of the mechanical energy
into HEAT (thermal energy). This energy is quickly conducted or radiated in all
directions and is effectively dispersed.

If we observe a block of wood sliding down a ramp with a small amount of friction,
how would the blocks kinetic energy at the bottom compare with its potential energy
at the top?

This does not change the fact that the total energy in the system is CONSTANT.
Now...




Example: A 5.0 kg block of wood is now pushed down a ramp with a velocity of 6.0
m/s. At the bottom of the ramp it is traveling at 7.5 m/s.
a. How much thermal energy is generated due to friction? J 3.5
b. Determine the force of friction. ).5m >m

Example: A 0.50 kg block moving at 3.0 m/s slides from A to C along a frictionless
surface, and then passes through the horizontal surface CD, where a frictional force
acts on it. As a result, the block slows down and comes to a stop at point D. The
coefficient of kinetic friction between the block and the surface in the region CD is
0.40. Ignore air resistance. f

a) What is the total energy of the block at point A?

b) What is the speed of the block at point B? P

c) What are the speed and the kinetic energy of 5 S
the block when it reaches C? 70 P {"‘—“—1‘*—:3

d) How far will the block move before coming to a W a0 o
stop at point D?




Conservation of Energy Problems

1. A physics student lifts his lifts his pet rock 2.8m straight up. He then lets it drop to
the ground. Use the Law of Conservation of Energy to calculate how fast the rock will
be moving (a) half way down and (b) just before it hits the ground (ignore air
resistance). (5.2 m/s, 7.4 m/s)

2. A 65 kg girl is running with a speed of 2.5 m/s. How much kinetic energy does she
have? She grabs on to a rope which is hanging from the ceiling, and swings from the
end of the rope. How high off the ground will she swing? (ignore air resistance) (203 J,
0.32m)

3. How much kinetic energy will an 80.0 kg skier sliding down a frictionless slope
have when he is two-thirds of the way down the slope? The vertical height of the slope
is 60.0m (3.14x10%)

4. A golfer wishes to hit his drives further by increasing the kinetic energy of the golf
club when it strikes the ball. Which would have the greater effect on the energy
transferred to the ball by the driver — doubling the mass of the club head or doubling
the speed of club head? (double speed)



5. A rubber ball falls from a height of 2.0m, bounces off the floor and goes back up to a
height of 1.6m. What percentage of its initial gravitational potential energy has been
lost? Where does this energy go? Has the Law of Conservation of Energy been broken?
(20% lost)

6. A 0.80 kg block slides along a frictionless surface of a 30.0° incline. When the block
passes point A, the velocity of the block is 3.0 m/s. After the block moves 1.2 m from
point A, it reaches point B as shown in the diagram. 0.89 Ly

\Q:\
a) Find the kinetic energy, potential energy, 8
o

and total energy at point A. \'\/

1

. e . 3.0 mis
b) Find the kinetic energy, potential energy, 2 0m
and total energy at point B. g
¢) Find the changes in kinetic energy, potential 36';“«-\\“

energy, and total energy between point A and B.



7. A 3.0 kg stone is projected directly upward with an initial speed of 12 m/s. This
stone experiences an average air resistance force of 20 N.

a) What maximum height does the stone reach? (4.37 m)

b) What is the speed of the stone when it lands on the ground? (5.2 m/s)

8. A 50 kg student steps off a 6.0 m high platform and drops onto a 2.0 m tall spring-
loaded board. As the spring-loaded board is compressed, it brings her to a stop 1.0 m
above the ground. Ignore air resistance.
a) What is the speed of the student when she hits the board? (8.85 m/s)
b) How much energy is momentarily stored in the spring when she comes to rest?
(2.45x 10°]) ’

£

6,0 m
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9. A 7.0 kg block is fired up a 35° incline with an initial speed of 9.0 m/s as shown by
the diagram. If a frictional force of 55 N acts on the block as it moves up the incline,
what maximum vertical height will the block reach? (1.7 m)




10. A 2.6kg laboratory cart is given a push and moves with a speed of 2.0 m/s toward a
solid barrier, where it is momentarily brought to a rest by its spring bumper. How
much elastic potential energy will be stored in the spring at the moment when the
spring is fully compressed? (5.2])

v =2.0m/s

m =2.6Kkg

11. A 2.00-kg block is pushed against a spring with negligible mass and force constant
k=400 Nm, compressing it 0.220m. When the block is released, it moves along a
frictionless, horizontal surface and then up a frictionless incline with slope 37.0°
Spring forces are conservative. (PE of an ideal spring that is completely compressed
can be found using PEcompressed spring = 1/2kx?) :
A) What is the speed of the block as it slides along the horizontal surface after having
left the spring? (3.11 m/s)

B) How far does the block travel up the incline before starting to slide back down?
(0.82m)




Physics 12 - Power and Efficiency

POWER is the rate of doing work or the rate of using energy. In other words, power is

concerned with the amount of time it takes to do a certain amount of work.

Mathematically we define power as:

The unit of power is J/s or Watts (W)

Example: A wrestler is setting up a body slam and lifts his 80 kg opponent clear over his head
to a height of 2.2 m in 0.675 s. How much power did the wrestler generate?

Example: While cruising along level ground in a sleigh at 4.0 m/s, the driver cracks the whip
and speeds up to 12.0 m/s in 4.5 s. If the sleigh and driver have a combined mass of 850 kg,

how much power did it generate? Ignore friction.

Another useful equation for power can be derived:

Example: A student pushes 14 kg of their physics homework up a 40° ramp at a constant

velocity of 3.2 m/s. The friction force is 26 N. How much power must the student exert?

4.0m
2.5m




Whenever we use a machine to do work, some of the energy we put into the machine is

always lost, mainly due to friction.
For example: An electric heater is approximately 95% efficient.
A car is approximately 30% efficient.

A light bulb is approximately 3% efficient.

We can define efficiency in one of two ways:

The most common confusion when calculating efficiency is in understanding which values

apply to work/power IN and which applies to work/power OUT.

Work/Power In: Work/Power Out:

Remember that energy is always LOST somewhere in using the machine, so...

Example: The Top Thrill Dragster is one of the tallest roller coasters in the world. The car is
accelerated along a level track until they take a 90° vertical turn and travel to the peak, 120 m
high. A typical fully loaded car has a mass of 2800 kg.

a) Calculate the minimum amount of work done on the car

in order for it to reach the peak?



b) In reality, the roller coaster is accelerated from 0 to 193 km/h in 3.8 s. Find the actual power
input of the ride.

c) Determine the efficiency of the ride from start to peak.

Example: On the Incredible Hulk roller coaster the car is initially launched up a hill 34 m
high, travelling from 0 to 64 km/h in 2.0 s. A full car has a mass of 4500 kg,

a) Find the power output of the ride.

b) The power consumption during the initial launch is actually 1.45 MW. Determine the

efficiency of the ride during the initial launch.

c) If the car pulls into the station at 8.0 m/s. How much heat has been generated since the first
peak?

d) The car is finally brought to rest over a distance of 2.0 m. How much force is required?



Power and Efficiency Problems:

1. A 20.0 kg object is lifted vertically at a constant velocity 2.50 m in 2.00 s by a student.
Calculate the power output of the student. (245 W)

2. A 2.00 kg object is accelerated uniformly from rest to 3.00 m/s while moving 1.5 m across a

level frictionless surface. Calculate the power output. (9.0 W)

3. An 8.5 x 102 kg elevator is pulled up at a constant velocity of 1.00 m/s by a 10.0 kW electric

motor. Calculate the efficiency of the motor. (83%)

4. A 5.0 kg object is accelerated uniformly from rest to 6.0 m/s while moving 2.0 m across a

level surface. If the force of friction is 4.0 N, what is the power output? (135 W)

5. If a 100 kW motor has an efficiency of 82%, how long will it take to lift a 50.0 kg object to a
height of 8.00m? (0.048 s )



6. A 2.10 x 10* N airplane requires a power of 7.46 x 10¢ W at the propeller to climb at an
angle of 20.0° to the horizontal at a constant speed. How much altitude could it gain in 10.0

minutes if air resistance is ignored? (2133 m)

7. A 1500 kg car accelerates from rest to 75 km/h in 45 s. How much power is supplied by the

engine to accelerate the car? (7.2 x 10° W)

8. A locomotive engine can supply 1.49 x 10¢° W to accelerate a train car from rest to 20.0 m/s

in 9.0 min. Find the mass of the train. (Ignore friction) (4.02 x 10¢ kg)

9. A skateboarder increases his kinetic energy from 800 J to 1600 J in 20 s. He expends 1500 |
of energy during this activity.

a) What is his power output? (40 W)

b) What is the efficiency of this process? (53%)

10. A 1000 kg automobile starts from rest and accelerates along a road to 30 m/s in 15s.

Assume that the air resistance and frictional force remain constant at 500 N during this time?

What is the power developed by the engine?



11. A student pushes a lawn mower 10 m from rest. The graph shows the applied force

e versus distance.
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a) How much work does she do moving the lawn mower 10 m? (640 J)

b) After she pushes the 30 kg lawn mower 10 m, it moves at 5.0 m/s. What is the kinetic

energy of the lawn mower? (375 J)

c) What is the efficiency of this process? (59%)

12. The graph shows the potential energy of a model rocket versus time.,
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a) Find the power output of the model rocket. (87.5 W)

0

b) If the model rocket is 60% efficient, find the power delivered to the rocket by the engine?
(146 W)



13. A force acting upon an object to cause a displacement is known as
a.energy  b.potential c. kinetic d. work

14. Two acceptable units for work are . Choose two.
a. joule b.newton  c. watt d.Nem

15. Power is defined as the is done.
a. amount of work which b. direction at which work c. angle at which work  d. the

rate at which work

16. Two machines (e.g., elevators) might do identical jobs (e.g., lift 10 passengers three floors)
and yet the machines might have different power outputs. Explain how this can be so.

17. There are a variety of units for power. Which of the following would be fitting units of
power (though perhaps not standard)? Include all that apply.
a. Watt b. Joule c. Joule / second d. horsepower

18. Two physics students, Will and Ben, are in the weightlifting room. Will lifts the 100-
pound barbell over his head 10 times in one minute; Ben lifts the 100-pound barbell over his
head 10 times in 10 seconds.

Which student does the most work?

Which student delivers the most power? Explain your answers.

19. Jack and Jill ran up the hill. Jack is twice as massive as Jill; yet Jill ascended the same
distance in half the time. Who did the most work?

Who delivered the most power? Explain your answers.




Conservation of Energy Lab _ Names:

In this lab, you will investigate the law of conservation of energy. You will be demonstrating
how to maximize the conversion of potential energy into kinetic energy. In other words, in
what way will you lose the least amount of mechanical energy to other forms?

You will be provided with 1 meter stick and1 cart and you may request additional materials.
Your team must develop and carry out a lab procedure to achieve the stated goal of finding
the maximum conversion of potential energy to kinetic energy.

Procedure:

Part One: Using a ruler and car, your team needs to design a lab that can exploit the Law of
Conservation of Energy to change one form of energy into another. Once your team is given
the "go," you will have 7 minutes to outline the procedure for such a lab. You will not be able
to use the materials yet, so you must sketch out a design to show me. Once that is complete
we will move onto part 2."

Part Two: Carry out your procedures. Make your measurements are as accurate as you can.
Once the lab is complete, you will turn in your data and conclusions.

Data: Include all measurements. Clearly label all data and use data tables where appropriate.

Calculations: Show all calculations. For repetitive calculations you only need to show one
sample calculation. ‘

Conclusion:

Write a conclusion which states your results. In what way did you maximize the energy
conversion? What was the efficiency of your process? (Energy Out/Energy In x 100%)
Completely explain what caused the “loss” of energy which caused the efficiency to be less
than 100%.

The lab (following lab procedure guidelines) should be completed neatly on lined paper or
typed and turned in next class. One per group.




Conservation of Energy Lab Write-Up Instructions
Purpose: Clearly state the purpose of the lab.
Equipment: List necessary equipment

Procedure: Clearly state the steps that would need to be taken to replicate the experiment.
Include any diagrams that clarify your procedure.

Data: Include all measurements. Clearly label all data and use data tables where appropriate.

Calculations: Show all calculations. For repetitive calculations you only need to show one
sample calculation.

Discussion: No measurement can be perfect. Measurements always have some uncertainty.
Due to the presence of measurement uncertainty, measured values will never be equal to
predicted values. So the question is not: "are the values equal to each other” but instead "do
the values agree with each other within acceptable uncertainty (+5.00%). The values should
agree within this margin, i.e. the percent difference should be less than the percent
uncertainty. If the values are in agreement, we will conclude that the data has supported the
predictions of the theory. No data can ever prove a theory, only support or disprove.

Conclusion:

i) Restate the purpose: what were you trying to measure? What was the hypothesis?

ii) State the measured (and % uncertainty) and predicted values

iii) State the percent difference between these values

iv) State whether the theory is supported by your data

v) Discuss the largest source of uncertainty - the main reason that the predicted values (based

on theory) are different from the measured values (collected in the experiment).
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Physics 12 - Impulse — Momentum Theorem

What is Momentum and how is it different from Kinetic Energy? In physics 11, you
learned that momentum is equal to the mass of an object multiplied by the velocity of an
object. The larger the mass a moving object has, the larger the momentum, and the
faster an object moves, the larger the momentum. But how is this different from kinetic

energy???

MOMENTUM HAS DIRECTION WHILE ENERGY IS ONLY A QUANTITY!!!

Both energy and momentum are relative quantities. If you are driving in your car
down the highway holding a brick in your hand, relative to the ground the brick has
both energy and momentum, yet relative to the carthebrick has zero energy and zero

momentum.

O—©

Momentum can also be thought of in terms of force. A force applied for a certain time

on an object will change the velocity of the object (therefore changing its momentum).

We have a special name for this amount of force given to the object. We call this amount
of force IMPULSE.

Momentum is a quantity of motion that depends on both mass and velocity of the object

in question.

The units of momentum are = kgem/s or Nes

Example: A baseball pitcher hurls a ball (mass = 0.100 kg) at 32 m/s. The batter crushes it
and the ball leaves the bat at 48 m/s. What was the ball’s change in momentum?



Impulse:

Since momentum is the product of mass and velocity. Since we will not be dealing with

changing masses, we can define an object’s change in momentum as:

Whenever a net force acts on an object, an acceleration results and so its momentum

must change.

How do forces relate to changes in momentum?

A student jumps offa desk. When they land they
bend their knees on impact. Why does this help
prevent damage to their knees?

Coaches for many sports such as baseball, tennis
and golf can often be heard telling athletes to
“follow through” with their swing. Why is this so

important?

Conventional wisdom suggests that cars should be
made tough and rigid to prevent injury during a
collision. However, newer vehicles are all built

with large crumple zones. Why?

Example: A 115 kg fullback running at 4.0 m/s east is stopped in 0.75 s by a head-on

tackle. Calculate:

a) The impulse felt by the fullback
b) The impulse felt by the tackler

¢) The average net force exerted on the tackler




Example: A 1250 kg car traveling east at 25 m/s turns due north and continues on at 15
m/s. What was the impulse of the car exerted while turning the corner? S

The Law of Conservation of Momentum

Momentum is a useful quantity because in a closed system it is always conserved.
This means that in any collision, the total momentum before the collision must equal the

total momentum after the collision.

Collisions can be grouped into two categories:

Elastics Collisions:

Inelastic Collisions:

In reality, collisions are generally somewhere in between perfectly elastic and perfectly
inelastic. It is actually impossible for a macroscopic collision to ever be perfectly elastic.
Perfectly elastic collisions can only occur at the atomic or subatomic level.



INELASTIC:

When two or more objects
collide and stick together.

Is momentum conserved?
Is energy conserved?

Is kinetic energy conserved?

A 9500 kg caboose is at rest on some tracks. An 11000 kg engine
moving east at 12.0 m/s collides with it and they stick together.
What is the velocity of the train cars after the collision?

ELASTIC:

When two or more objects
collide and bounce off each
other (do not stick).

Is momentum conserved?
Is energy conserved?

Is kinetic energy conserved?

An alpha particle has a mass approximately 4 times larger than
a proton. A proton travelling to the right at 3200 m/s strikes a
stationary alpha particle and it rebounds at 1920 m/s. What is
the final speed of the alpha particle?

EXPLOSION:

Initial momentum is zero and
therefore the sum of
momentums after the
explosion must also equal

zero.
Is momentum conserved?
Is energy conserved?

Is kinetic energy conserved?

A firecracker is placed in a pumpkin which explodes in into
exactly two pieces. The first piece has a mass of 2.2 kg and flies
due east at 26 m/s. The second chunk heads due west at 34 m/s.

What was the initial mass of the pumpkin?
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Conservation of Momentum Problems — Inelastic Collisions and Explosions
\/“1 A 54 kg womend1vesstra1ght downmto Vt‘hevwater. ]ﬁst‘Before sﬁévs;trikeé theﬂwa"c.é.r; -
her speed is 4.7 m/s. At a time of 2.1 s after she enters the water, her speed is 0.80 m/s.
a) What is the impulse given to the woman by the water? (+211 kgem/s)
b) What is the net force exerted on her by the water? (+100 N)

c) What is her acceleration while she is entering the water? (+1.86 m/s?)

2. A 0.06 kg tennis ball travels east at 15 m/s.

a) If a net force of 12 N is exerted on the ball for 0.030 s in the same direction, what is the
final velocity of the ball? (+21 m/s)

b) If a net force of 18 N is now exerted on the ball (travelling at the final velocity from

part a) in the opposite direction, how long should the impact last to stop the ball?
(0.070s)

V3. The graph below shows momentum versus time for a 5000 kg truck while it is

¥
accelerating uniformly. (ke }m;h, )

0D P Rt

a) What is the initial speed of the truck? (1.0 m/s)

1a004)
b) What is the net force acting on the truck? (5000N) {yygp

1
\

c) What is the acceleration of the truck? (1.0 m/s?) SO0 e

st i e Hper

[ . | ,
i 1.0 R 3.0 4.0
- Time {5}
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4. Twoobjects collide, one of which was initially moving and the other initially at-rest.— -

a) Isit possible for both particles to be at rest after the collision? Give an example in
which this happens, or explain why it cannot happen.

A\

b) Is it possible for one particle to be at rest after the collision? Give an example in
which this happens, or explain why it cannot happen.

5. A 1.0 x 10° N truck moving at a velocity of 15 m/s north collides head on with a
1.0x10* N car moving at a velocity of 25 m/s south. If they stick together upon impact,
what is the velocity of the combined masses immediately after the collision? (+11.4 m/s)

/6. A 32 kg cart moving at 1.2 m/s collides with a 1.8 kg wooden box at rest. After the
collision, the cart and the wooden box stick together. '
a) Find the final speed immediately after the collision. (0.77 m/s)

b) Find the energy transformed from initial kinetic energy to other forms. (0.82])



7. A 5.0 kg block moving at 3.0 m/s to the right collides with a 10 kg block movmg at 2.0

- m/s tothe left. After the collision, the two blocks stick together. -
a) Find the speed of the combined blocks after the collision. (-0.33 m/s)
b) Find how much energy is transformed from the initial kinetic energy to other forms.

(41.77)

8. A 4.0 kg stone moving at 6.4 m/s overtakes and becomes embedded in a 2.8 kg lump
of clay moving in the same direction. After the collision, the combined object moves at
4.2 m/s.

a) Find the initial speed of the Jump of clay. (1.06 m/s)

b) Find the kinetic energy lost in the collision. (23.5 J)

9. A 20 kg boy and his 40 kilogram sister are at rest on ice skates in the middle of a
frozen lake. The boy pushes the girl and the boy moves to the left at 2 m/s. What is the
velocity of the girl after the explosion? (+1.0 m/s)



10. A 12.0 kg object splits into two parts. If part A has a mass of 5.0 kg and a Ve10c1ty of
*7.0'm/s right, what is the velocity of part B? (-5:0t/s)- SR - w

.~ 11. A 90 kg ore cart moving at 8.5 m/s collides with two carts of total mass 180 kg at rest
on a frictionless horizontal track as shown in the figure. The three carts stick together
and rise up the hill. If the hill has no friction, find the maximum height to which the
combined ore cars rise up the hill. (0.41 m)

befors

12. A 5.50 kg cannonball is fired from a 100 kg cannon. If the
velocity of the cannonball is 300 m/s, what is the recoil velocity

of the cannon? (-16.5 m/s)




Physics 12- Conservation of Momentum - Elastic Collisions

Last class we dealt with problems involving explosions and inelastic
collisions. We saw that in an inelastic collision, some of the initial

kinetic energy of the system is transformed to other forms of energy

resulted in less final kinetic energy for the system. We also saw that

momentum is conserved in explosions and inelastic collisions.

Now, we are going to learn about elastic collisions. In an elastic

collision, the objects ‘bounce’ off each other. They do not ‘stick together’ as they do during

inelastic collisions.

In an elastic collision, both momentum AND kinetic energy are conserved.

There is a “spectrum” of collisions and explosions with the extremes being perfectly inelastic

and elastic collisions.

INELASTIC-mmmmmmmmmemmme ELASTIC=nrnmrmmmmmmmmee EXPLOSION
P, = Pt P, = Pt P, = Pt
KEO > KEf KEO = KEf KEO < KEf

Elastic Collisions:

Example 1: A 30.0 kg object moving to the right at a speed of 1.00 m/s collides with a 20.0 kg
object moving to the left at a velocity of 5.00 m/s. If the 20.0 kg object continues to move left
at a velocity of 1.25 m/s, what is the velocity of the 30.0 kg object? Assume a perfectly elastic

collision.



Example 2: When Kinetic Energy is conserved we can find the velocities of BOTH of the

 objects after the collision: Two identical pool balls make a perfectly elastic head-on collision

on a frictionless table. The speeds of the balls for the collision are 2.0 m/s and 3.0 m/s. What

are the speeds and direction of motion for the balls after the collision?

Because in an elastic collision, KEo= KEf and since we are only dealing with velocity, not the
KE, AND the masses are the same, we can simplify the formula to just the ‘velocity” portion

of the equation.

2 —
ar’+br+c=0

b= Vb2 — dac
N 2a

@€



Th final velocity is found by subsututmg these values into =2

ore a ter:
= +3 0 V).: -2.b
m/S m/s

o ‘w ‘@

The only resulting velocities that make sense is for vi’ =-2.0 m/s and v2" = +3.0 m/s. The other
option shows velocities in which the objects pass right through each other which is not

realistic.

The objects transferred their initial velocities to the other object. This is the case when the

masses are the same.

Example 3: Different masses with an initial stationary object:

A1 kg object travelling at 9 m/s to the right strikes a 2 kg stationary object. What are the

velocities of the objects after the collision?

Derived from the conservation of momentum and conservation of kinetic energy:

! 1 2 2m
v — - 1

m, +m, m, +m,




I

(ﬁ\fw U el Nomae wor

%,

Physics 12 — Conservation of Momentum Assignment — Elastic Collisions

1. A 2.0 kg object travelling at 12 m/s to the right strikes a 2.0 kg object travelling to the left at
3 m/s. What are the velocities of the objects after the collision? (vi’=-3.0m/s, v2'= +12m/s)

2. A20 kg object travelling at 12 m/s to the right strikes a stationary 4.0 kg object. What are

the velocities of the objects after the collision? (vi1’=-4.0m/s, v2'=+8.0 m/s)



3. A 2.0 kg object travelling at 12 m/s to the right strikes a 2.0 kg object travelling to the left at

12 m/s. What are the velocities of the objects after the collision? (v1'=-12 m/s, v2’=+12 m/s)

4. A pool ball moving with a speed of 2.5 m/s makes an elastic head-on collision with an
identical ball travelling in the opposite direction with a speed of 5.9 m/s. Find the velocities

of the balls after the collision. (vi'=-2.5 m/s, v2'=+5.9 m/s)



5. A 0.25 kg puck moving at 5.0 m/s due east collides head-on with a 0.45 kg puck at rest. If
the collision is elastic, find the velocities of the pucks after the collision. (vi'=-1.43m/s,
v2'=+3.57 m/s)

6. A 225 g ball moves with a velocity of 30.0 cm/s to the right. This ball collides with a 125 g
ball moving in the same direction at a velocity of 10.0 cm/s. After the collision, the velocity of
the 125 g ball is 24.0 cm/s to the right.

a) What is the velocity of the 225 g ball after the collision? (22.0 cm/s [right])

b) Is this an elastic or inelastic collision? Provide mathematical evidence for your answer.
(NOTE: Calculate the kinetic energy of the objects before and after collision. Re-read your
notes on inelastic and elastic collisions and determine the type of collision based on whether

the energies are the same or not.)

c) If kinetic energy is lost, what happened to it?



7. A 30.0 kg object moving to the right at a velocity of 1.00 m/s collides with a 20.0 kg object
moving to the left at a velocity of 5.00 m/s. If the 20.0 kg object continues to move left at a
velocity of 1.25 m/s, what is the velocity of the 30.0 kg object? (-1.50 m/s)

8. A10.0 g object is moving with a velocity of 20.0 cm/s to the right when it collides with a
stationary 30.0 g dbject. After collision, the 10.0 g object is moving left at a velocity of 6.00

cmy/s.

a) What is the velocity of the 30.0 g ball after the collision?

b) Is this an elastic or inelastic collision? Provide mathematical evidence for your answer.

c) If kinetic energy is lost, what happened to it?
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Momentum in 2-D

Always draw a triangle 1™ and the use the resultant as initial or final momentum,
(Motion in 2D Problems can also be solved using horizontal and vertical components of
momentum vectors or using the cosine and/or sin laws-see Snap p.229 for examples)

Examples:

I. A 60.0 kg football player t'rav.eling at 2.00 m/s North collides and sticks to a §5.0
kg teammate, traveling at 1.00 m/s East;, Calculate their resulting velocity.

2. During supper preparation (spaghetti Land‘meatballs) a 0.0200 kg meatball .
explodes info 3 pieces: =~ =

Piece 1 m =0.0100 kg traveling 7.00m/s, N

Piece 2 m =0.00500 kg traveling 5.00 m/s, E

Calculate the velocity of the remaining piece.



3. A 4.0kgobject traveling at 7.0 m/s 40" above the horizontal strikes a 2.0 kg
object traveling from below the horizontal or reference line. They stick together
and travel along the horizontal at 3.0 m/s. Find vy,



THE LAW OF CONSERVATION OF MOMENTUM Name:

In this activity, you will observe a series of events involving a system consisting of two carts. The
carts will undergo inelastic and elastic collisions with various speeds and masses, as well as some
explosions with varying masses. Prior to running each scenario, you will need to make a prediction
as to what you think will happen after the collision or explosion in each scenario. Once you have

completed your prediction, you will run the scenario and observe.

Indicate the magnitude and direction of the velocity of each cart by drawing an arrow that reflects

the values.

Scenario #1 - A 0.250 kg cart is moving to the right at 0.20 m/s when it hits a stationary 0.250 kg cart.

It is an inelastic collision.

BEFORE AFTER

Prediction Actual
' o=0.20m/s |
0.250kg ‘—+ 0.250 kg

S

OO OX®)

Calculate the final velocity of the two carts when they are stuck together.

Scenario #2 — A 0.250 kg cart is moving to the right at 0.20 m/s when it hits a cart of equal mass

moving at 0.20 m/s to the left. It is an inelastic collision.

BEFORE AFTER

Prediction Actual
0.250kg
) L

Calculate the final velocity of the two carts when they are stuck together.




Scenario #3 — A 0.250 kg cart is moving to the right at 0.20 m/s when it hits a stationary cart of equal

mass. It is an elastic collision.

BEFORE

AFTER

Prediction

Actual

Calculate the final velocity of the second cart after the collision.

Scenario #4 — A 0.250 kg cart is moving to the right at 0.20 m/s when it hits a stationary 0.750 kg cart.

It is an elastic collision.

BEFORE

AFTER

Prediction

Actual

If the final velocity of the 0.75 kg cart is 0.15 m/s to the right, calculate the final velocity of the 0.250

kg cart.




Scenario #5 — A 0.750 kg cart is moving to the right at 0.20 m/s when it hits a stationary 0.250 kg cart.

It is an elastic collision.

BEFORE AFTER
Prediction Actual
[ o=0.20m/s )
0.750kg]~———¥ (0.250 kg

If the final velocity of the 0.25 kg cart is 0.45 m/s, calculate the final velocity of the 0.750 kg cart.

Scenario #6 — A 0.250 kg cart is moving to the right at 0.20 m/s when it hits a 0.750 kg cart moving at

0.20 m/s to the left. It is an elastic collision.

BEFORE

AFTER

Prediction

Actual

o.zsa@}-—» <—La.750kg l

00 OO

If the final velocity of the 0.75 kg cart is 0.05 m/s to the left, calculate the final velocity of the 0.250 kg

cart.




Scenario #7 — A 1.0 kg mass cart system sits stationary on a track when an explosion happens. The

system is split into a 0.75 kg cart moving to the right and a 0.25 kg cart moving to the left.

BEFORE

AFTER

Prediction

Actual

1.0kg

0.250kg | 0.750kg

OO0 OO0

If the final velocity of the 0.75 kg cart is 0.10 m/s to the right, calculate the final velocity of the 0.250

kg cart.

This worksheet will be handed in and marked so please review and make sure

you have shown all work including formulas before you hand it in.




Physics 12 — 2D Momentum — Explosions and Impulse

Conservation of Momentum and Work-Energy Theorem
Recall: W = AKE = KEf — KEo = (Y2 mivi?2 + %2 m2v2?) — (Y2 mivi'2 + %5 mav2'?)

Once again we are able to relate momentum to work and energy.

.00 ke Wi

Before .

We can determine the work done on the block by the spring when the cord holding
everything together breaks apart.

Explosions into three pieces:

Unlike past examples, all of the pieces will not explode into exactly opposite directions.
Therefore we now need to work in more than one dimension.

Before: After:

V2
v=0m/s T i

@ vi

V3



Now let’s assign some values to this explosion. A 10.0 kg object that is at rest breaks into
three pieces as shown. vi=12m/s, v2=6.5 m/s, m1=2.5 kg, m2=5.5 kg, ms=2.0 kg

What is the velocity of the 2.0 kg mass?

Since we are in 2 dimensions now, we need to break the problem into its X and Y
components:

X Component:

Y Component:

Now we find the resultant for vse

FINAL ANSWER:



Impulse in Two Dimensions:

Remember that impulse is the change in momentum — the before and after. This is generally
due to a change in an object’s velocity.

A 2.5 kg model car moving at 6.0 m/s due east experiences a 16 N-s impulse southward.
What is the magnitude and direction of the final momentum of the car?
This is in two dimensions — so we need X and Y:

Conservation of momentum (x-component):

Conservation of momentum (y-component):

Find resultant to determine final momentum:

FINAL ANSWER:



Explosion and Impulse Problems:

1. A 55 kg cannon and a 7.5 kg cannonball are sitting at rest. When the gunpowder has
ignited, the cannonball is shot out of the cannon at a velocity of 45 m/s. What work
was done on the cannon and cannonball by the gunpowder? (8.6 x 10° J)

b

2. An 8.0 kg and 3.0 kg cart are held together and at rest. An internal spring is released
between the two carts and they are pushed in opposite directions. If the 3.0 kg cart is
traveling at 12 m/s after the spring is released, what is the work done on the carts by
the spring? (297 J)

3. A 3200 kg dump car travels along the road at 12 m/s. Suddenly, a 230 kg chunk of coal
is dumped into the car. Find the final velocity of the truck. (+11.2 m/s)




.~ 4. A5.0kgblock at rest is dropped and breaks into three pieces as shown. What is the
velocity (speed and direction) of the 1.6 kg piece? (The block is at rest when it hits the
ground and breaks apart) (vs’ =23.0 m/s @ 37° W of S)

14 m/s

5. A 4.8 kg model airplane flying at 7.0 m/s to the east explodes into two fragments as
shown in the diagram. The larger 3.0 kg fragment moves at 9.0 m/s south.

a) What were the initial momentum and
kinetic energy of the model airplane 3
before the explosion? (+33.6 kgem/s, 117.6]) <

b) What are the velocity (speed and direction)
and the kinetic energy of the smaller 1.8kg
fragment? (24.0 m/s @ 39° N of E, 518 J)

3.0 kg
¢ 9.0 m/s

)
i
HER
i
\ix
3

o L

c) What work was done on the model airplane by the explosion? (522 J) ;



v 6. A0.40 kg ball moving at 20 m/s due south strikes a rock and moves 15 m/s at 30° west
of south.

a. Find the magnitude and direction of the impulse (change in momentum).
(4.10 kgem/s @ 43° N of W)

b. If the ball is in contact with the rock for 0.06 s, what is the average force exerted
on the ball by the rock? (68 N @ 43° N of W)

v 7. A 0.50 kg stone moving at 12 m/s due north makes contact with an electric pole for
0.04s, resulting in a final velocity of 8.0 m/s due west. What is the magnitude and
direction of the net force exerted on the stone by the electric pole? (180N @ 34° W of S)



Physics 12 - 2D Momentum - Collisions

Last lesson, we began dealing with non-linear momentum through impulse and explosions.
Now, we are going to consider non-linear collisions.Collisions between objects are governed
by laws of momentum and energy. When a collision occurs in an isolated system, the total
momentum of the system of objects is conserved.

Elastic collisions are collisions in which both momentum and kinetic energy are conserved.
The total system kinetic energy before the collision equals the total system kinetic energy
after the collision.

If total kinetic energy is not conserved, then the collision is referred to as an inelastic
collision. '

NON-LINEAR ELASTIC COLLISIONS:

In this type of collision, no external forces act on the system. Kinetic Energy is conserved.

Two objects initially travelling east and west as shown have a collision. The object on the left
is bounced ‘up” at 60° with a velocity of 2 m/s. What is the final velocity of the object initially

travelling west?
Before: After: £ M/S

1 kg
= 2 kg

® = e —) 60
& Mas e ¥ r \:\

4 m/s




Method Two:

A 4.0 kg object is moving east at an unknown velocity when it collides with a 6.1 kg
stationary object. After the collision, the 4.0 kg object is travelling with a velocity of 2.8 m/s
32° N of E and the 6.1 kg object is travelling at a velocity of 1.5 m/s 41° S of E. What was the
velocity of the 4.0 kg object before the collision?

Before collision: After collision:

Find p1” and p2":

Resolve both into their vector components:

Find Xpx" and Xpy":

Find Xp”:



NON-LINEAR INELASTIC COLLISIONS:

In this type of collision there are external forces acting on the system. Kinetic energy is
converted into other forms such as sound, thermal etc.

A 2000 kg car is travelling at 20 m/s north and has a collision with a 10000 kg truck travelling
20 m/s east. After the collision the vehicles stick together. What is the speed and direction of
the car and truck after the collision?

BEFORE AFTER

] 1 1

10000 kg H ¥ .
Fne - e 7 /,/ﬁi
o] ] ] ’

e
2

2000 kg
20 nss
)




A 4.0 kg object is travelling south at a velocity of 2.8 m/s when it collides with a 6.0 kg object.
travelling east at a velocity of 3.0 m/s. If these two objects stick together upon collision, what
is the speed and direction of the combined masses?
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2D Momentum — Collision Problems:

P l.A .' A 0.25 kg puck (A) moving at 4.0 m/s to
/ 3.0 mis the right undergoes a collision with a
) 0.50 kg puck (B) at rest. As a result,
@i;/q ?%(ﬁc‘h } puck A moves at 3.0 m/s at an angle of
e AR Y oy 63° north of east. What is the velocity
0.25 kg 0.5 6 e Ny (magnitude and direction) of puck B
TN Br, , after the collision? (1.88 m/s @45° S of E)

H B

v 2. Two objects move on a level frictionless surface. Object A moves east with a
momentum of 24 kg-m/s. Object B moves north with a momentum of 10 kg-m/s. They
collide and stick together. What is the magnitude of the combined momentum after
the collision? (26 kg-m/s)



3. A 1500 kg car traveling at 50 m/s 30° N of E collides with a 1000 kg car traveling at 40
m/s 45° S of E. The two cars collide and stick together. What is the speed and direction
of the cars after the collision? (37.5 m/s @ 5.6° N of E)

4. A 50.0 kg object is moving east at an unknown velocity when it collides with a
stationary 60.0 kg object. After the collision, the 50.0 kg object is travelling at a velocity
of 6.0 m/s 50.0° N of E, and the 60.0 kg object traveling at a velocity of 6.3 m/s 38.0° S
of E. What was the velocity of the 50.0 kg object before the collision? (9.8 m/s [E])



5. A 15.0 kg object is moving east at a velocity of 7.0 m/s when it collides with a
stationary 10.0 kg object. After the collision, the 15.0 kg.object is moving at a velocity .
of 4.2 m/s 20.0° S of E. What is the velocity of the 10.0 kg object after the collision?
(5.06 m/s @ 25° N of E)

v 6. A 0.36 kg lump of clay moving at 3.0 m/s;collides with a 0.52 kg ball and they stick
together as shown in the diagram. Find the speed and direction of the ball before the
collision. (5.13 m/s @ 12° S of W)




7. A 22kgball (A) moving with a speed of 5.0 m/s strikes a second ball (B) of the same
.. mass, 2.2 kg, initially at rest as shown in the diagram. As a result of the collision, ball
B moves at 2.5 m/s at 80° S of E. What is the speed and direction of ball A after the
collision? (4.34 m/s @ 10° N of E)
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PHYSIS |3, AD,DrﬁoNAL PROBLEMS — MOMENTUM

1. What is the weight of an object that has a velocity of 10.0 m/s and momentum of 2.0 x
102 kgem/s?

(2.0 x 102 N)

2. A1.20 x 103 kg car accelerates uniformly from rest to 25.0 m/s in 10.3 s. What was the
i net force acting on the car?

(2.91 x 103 N)

A golfer hits a 5.0 x 10-2 kg ball from a ledge as shown in the diagram. If this ball
leaves the face of the club with a horizontal velocity of 30.0 m/s, what is the impulse

due to the club?

(1.5 Nes)
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Momentum

ity of 10.0 m/s collides head on with a brick wall.

4. A1.1x103kgear travelling at a veloc
0.25 s, what was the average force exerted on the

If the car comes to a complete rest in
car during the collision?

(4.4 x 104 N)

5. Ifao.15kg object has kinetic energy of 9.0 J, what is the magnitude of its momentum?

(1.6 kgem/s)

6. Ifa0.85kg object is dropped from a height of 2.2 m above the floor, what is its
momentum as it hits the floor?

(5.6 kgem/s)

ing at a velocity of 375 m/s becomes embedded 25.0 cm intoa

7. A50.0gbullet travell
the bullet by the wood.

massive wood block. Calculate the average force exerted on

(1.41 x 104 N)

Copyright Protected
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Momentum

8. Ifa0.50 kg object is fired vertically and reaches a maximum height of 15 m, what was
the maximum momentum of this object?

(8.6 kgem/s)

Given the above force-time graph for a 0.75 kg object that was accelerated from rest,
calculate the velocity at 4.0 s. (NOTE: Area under the graph represents the impulse.)

(16 m/s)
10.

N e & @

Force (N)

-
4
4

Given the above force-time graph for a 0.50 kg object that was accelerated from rest,
calculate the velocity at 5.0 8.”

‘(’4.0 x 10' m/s)
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Momentum

11. If a 2.0 kg object accelerates honzontally fromrestata uniform rate of 3.5 m/s2, what
is the momentum of this object after 2.5 s?

(18 kgem/s)

12. Ifao.15kg baH is thrown vertically up ata velocity of 12 m/s, what is the momentum of
this ball when it is halfway to its maximum height?

(1.3 kgem/s)

N O

A 0.020 kg pendulum bob is dropped from a height, h. Atits equlhbrlum position it
has a momentum of 0.070 kgem/s. What is the value of h?

(0.63m)

Castle Rock Research 236 Copyright Protected




Momentum

-.__—_~~

A 0.010 kg pendulum bob is dropped from a height h above its equilibrium position as
shown in the diagram. When the bob reaches its equilibrium position, the string breaks
and the bob now acts as a projectile. After the string breaks the bob falls 1.5 m while
moving 2.0 m horizontally. Calculate the height (h) from which the bob was released.

(0.67m)

15. A 0.45 kg ball is moving east at a velocity of 11.0 m/s when it hits a wall. If the ball

rebounds with a velocity of 10.0 m/s west, what was the impulse of the wall on the ball?

(9.5 Nes west)

16. A 5.0 g bullet is moving at a velocity of 375 m/s when it hits a stationary block of wood
6.0 cm thick. If the bullet emerges from the wood at a velocity of 225 m/s, and the
wood did not move, what was the average force exerted on the bullet by the wood?

(3.8 x103N)

17. A 0.15 kg ball is thrown north at a velocity of 25 m/s while a 2nd ball of identical mass
is thrown west at a velocity of 22 m/s. Calculate the sum of the momenta of these two

balls.

(5.0 kgem/s 41° Wof Nor 5.0 kgem/s 49° N of Wor 5.0 kgem/s 131°)
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Momentum

18.

A 5.0 x 102 kg roller coaster travels from point Ato B along a frictionless track as
shown in the diagram. If the momentum of the roller coaster is zero at point A, what is

itat point B?

(8.6 x 103 kgem/s)

19.

250m

A 98.0 N box slides 25.0 m along a 35.0° incline as shown in the diagram. If the force
of friction along the incline is 32.0 N, and the box starts from rest at the top, what is the

momentum of the box at the bottom?

(1.10 x 10% kgem/s)

20.

3.0kg

2.0kg 0.50 m

Floor

A system containing a frictionless pulley is described in the diagram. If this system is
released, what is the momentum of
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Momentum

a) the 2.0 kg box when the 3.0 kg box hits the floor?

(2.8 kgem/s up)

! b) the 3.0 kg box when it hits the floor?

(4.2 kgem/s down)

21. A 45 kg student standing on a frictionless surface throws a 0.25 kg object at a velocity of
9.0 m/s east. Calculate the velocity of the student after she releases the object.

(5.0 x 1072 m/s westor 5.0 x 1072 m/s 180°)

22. A car moving east at a velocity of 10.0 xh/ s collides with a stationary truck with exactly
twice the mass. If the two vehicles lock together, calculate the velocity of their
combined mass immediately after collision.

(3.33 m/s eastor 3.33 m/s 0°)
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23. A 6.0 g ball moving north at a velocity of 3.0 m/s collides head on making a collision
with an identical ball that is moving south at a veloci

ty of 2.0 m/s. Immediately after
collision the first ball is moving south at a velocity of 1.0 m/s. What is the magnitude of
the velocity of the second ball?

(2.0m/s)

24. A 5.0 g ball collides and sticks to a second ball which is at rest. Ifthe combined mass
moves at a velocity of one quarter the original velocity of the 5.0 g ball, what is the mass
of the second ball?

(15g)

25. A gun with a weight of 25, fires a 6.0 x 10~2kg bullet at a velocity of 325 m/s west,
What is the recoil velocity of the gun?

(7.6 m/s east or 7.6 m/s 0%

26. A 40.0 kg object is moving east at a velocity of 2,00 m

/s when it collides with a 30.0kg
object moving north at a velocity of 2.00 m/s. If the objects stick together upon
collision, what is the velocity of the combined mass immediately after collision?

(143 m/s. 36..9°;N of Eor 1.43 m/s 53.1° Eof N 6r 1.43.m/s '36».9,")‘:;
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Momentum

27. A 2.0 kg object is moving with a velccity of 5.0 m/s west when it collides with a
stationary 3.0 kg object. After collision, the 2.0 kg object is moving west at a velocity of
1.5m/s.

a.  Calculate the velocity of the 3.0 kg object after the collision.

(2.3 m/s west)

b.  Is this an elastic or inelastic collision? Provide mathematical evidence for your
answer. What happened to the kinetic energy lost?

(Ey loss = 15 J, .. inelastic)

28. A 7.0 kg object is moving north at an unknown velocity when it collides with a 5.0 kg
stationary object. After the collision the 7.0 kg object is moving at a velocity of 3.0 m/s

30.0° E of N, and the 5.0 kg object is moving at a velocity of 5.0 m/s 25.0° W of N.

a.  Calculate the velocity of the 7.0 kg object before collision,

(5.8 m/s north)

b.  Is this an elastic or inelastic collision? Provide mathematical evidence for your
answer.- What happened to the kinetic energy lost? '

‘ (Ex loss = 25 J, .. inelastic)
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29. Two cars collide at an intersection. The first car has a mass of 775 kg and was travelling
west. The second car has a mass of 1125 kg and was travelling north. Immediately after
impact, the first car had a velocity of 65.0 km/h 33.0° W of N, while the second car had

a velocity of 42.0 km/h 46.0° Wof N. What were the velocities of these two cars

immediately before collision?

30. N

oEepe
’ iZ.Ocm

L]
Projectile

A 4.0 g projectile is fired at a 2.0 kg wooden pendulum as shown in the diagram. If the
pendulum swings to a height of 2.0 cm after the projectile becomes embedded in it,
how fast was the projectile travelling when it hit the pendulum? Explain, using
conservation laws.

(3.1 x 102 m/s)

**********
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Work Energy + Momen+Hum

Dﬂ)\dj’\ NALY E‘qu Guestiong

I 1Is power a scalar or vector quantity, and which are the correct units for measuring it?

TYPE OF QUANTITY * UNITS
A. Scalar - J/m
B. Scalar J/s
C. Vector ._ J/m :
D. Vector J/s "

&). A climber’s gravitational potential energy increases from 14 000 J..to .21 000 J while
climbing a cliff. -She expends 18 000J of energy during this.activity. What is the efficiency
of this process? '

’

A 3%
B. 39% ‘
C. 61%
D. 97%

3. A 40000kg rail car travelling at 2. 5m/s collides with and locks to a stationary 30 000 kg
car. Determine the speed of the locked cars and state whé.t\her the-collision is elastic or

inelastic.
SPEED OF LOCKED CARS TYPEOF COLLISION
A. 1.4 m/s ,_ Elastic
B. 1.4 m/s | Inelastic
C. 1.9 my/s ‘ '~ Elastic
D. 1.9 m/s ' Inelastic

4 A 025 kg cart traveliing at 3.0.m/s collides with and sticks to an identical stationary cart on
a level track. (Ignore friction.)

v=30m/fs —>

m=0.25kg ,A

To what height & do the combined carts travel up the hill? - (7 marks)




5, A cyclist must do 1 000J of work to speed up from 0 m/s to 5.0 m/s. The same cyclist »
must do 3 0007 of work tospeed up from 5.0 m/s to'10.0 m/s. (Inboth instances friction
| has been ignored.) Using principles.of physics, explain why more work must be done to speed P
up from 5.0'm/s to 10.0 m/s than from O m/s to. 5.0 m/s. (Remember, friction plays no £
role in this problem.) 4 marké)

A cyclist increases his kinetic energy from 1100J to 52007 in 12s. His power output
during this time is '

7. Which of the following best represents the momentum of a small car travelling at a city speed
limit? o
A. 1000 kg-m/s
B. 10000 kg-m/s
C. 100000 kg -m/s ' 2
D. 1000-0600kg-m/s '
8. A 0.080 kg femp’is ball travelling east at 15 my/s is struck by a tennis racquet, giving it a

velocity of 25 m/s, west. What are the magnitude and direction of the impulse given to the
ball?

Starting from rest, a farmer pushed a cart 12 m. The graph:shows the force F which he
applied, plotted against the distance d. s

a) How much vork did the farmer do moving the cart 12 m? (3 marks)

b)  After the farmer had pushed the 240 kg cart 12 m, it was moving with a velocity of “
- 2.2 m/s. What was the cart’s kinetic energy? (2 marks)

¢) What was the efficiency of this process? (2 marks)




1O, Consider the collision between the vehicles in the photograph below.

Cars Have,

- crumpled
. fenders ord

2 afre \j@]nﬁd

The collision is inelastic. Define inelastic. Givé at least-twopieces of ‘€vidérce that show this

to be an inelastic collision. (4 marks)
| — .
L Which 0>f tFIe following correctly describes momentuni and impulse?
MOMENTUM E IMPULSE

A. f vector : r vector i

B. vector scalar |

C. ' scalar - vector

D. ; scalar : scalar

3. A stationary object explodes into two fragments. A 4.0 kg fragment maoves. westwards at
3.0 m/s. What are the speed and kinetic energy of the remaining 2.0 kg fragment?

J&. A 1000kg vehicle ravelling westward at 15'm/s 1s subjectedtoa 1.0x 10* N-s impulse
' northward. What is the magnitude o. the final momentum of the vehicle?

I A 1.50x10° kg car travelling at 11.0 m’s collides with a wall as shown.

v =11.0 m/s v=1.3m/s
.———'—-+ i
— Fg—a
m=150x10" ke m=1.50 x 10° kg

The car rebounds off the wall with a speed of 1.3 m/s. If the collision lasts for 1.7 s, what
force does the wall apply to the car during the collision’ :



\5, A 45 kg child on a water slide passes point A at 8.3 m/s.

[b

I+

As the.child descends from A to B, 3 600 J of heat energy.is created because of friction. What

is his speed-at B? . » (7-marks)

3

What is-the' minimum work done when a 65kg:student climbs-an 8. 0_.m‘-highf:=st:aifway"in 12-5?
s

Which of the following is equal to impulse?

Energy

Momentum

Change in energy
Change in mementum

Ry

.
g

oOWp

18. A 1500 kg car travelling at 25 m/s collides with a 2 560 kg van stopped-at-a traffic light. Asa
result of the collision the two vehicles become entangled. With whatinitial speed will the
entangled mass:move off, and is the collision elastic or. inelastic?

1’qr

Three objects travel as shown.

4.0 kg

=8.3 m/S

What is the magnitude of the momentum of object R so that the combined masses remain
stationary after they collide?



<. A 170 kg cart and rider start from rest on a 20.0 m high incline.

a) How much energy is transformed to heat? (5 marks)

b) What is the average force of .frfic,tion actiri:g"onr-‘tﬁe éaft? ‘ (2 marks)

<. A student plots the graph below, showmg the kmetxc energy Ek of a: motorblke versus-the
square of its veloc1ty v

S
20 000 —
Ek ese
10 000 —-
0 ' 200 400
2 om?/s2e
a) What is'the slope of this graph? " (2:marks)
b)  What does the slope represent? (2 marks)

c¢)  Using the axes below, sketch the graph of kinetic energy E, versus velocity v for this
motorbike. There 1s no need to plot any data points. ‘ (1 mark)




A force is applied to an 8.0 kg object initially at rest. The magnitude of the net force varies
with distance as shown.

¥
A A
ne! (N) 20
10 |
0 >

0 5 10 15
~ Distance. (m).
What is the qpced of the object after rnovmg 15 m‘7

--Asmachine sated-at 1 500-W liftsa: 100. kg ebject 36 m vemca]ly in 45:s. What is the efﬁmency
‘of this. machme"

ay Two c;n‘s colhde head-on and come to a cornplete stop 1mmed1ately after the collision:-
Which.of the following is correct?

"TOTAL MOMENTUM

TOTAL ENERGY

is conserved

is conserved

is conserved

is not conserved

is not conserved

\is comserved

oSN W P

is not conserved

is not conserved

. Two:steel pucks.are 'mov»i'ng. as shown in the diagram. They col-lide inelastically.

Before Collision After.Collision
m; = 4.2 kg
vl = 1.8 m/S
30T oS .
0.7 v =2.3m/s

m, =1.3 kg

Determine the speed and direction (angle 8) of the 1.3 kg puck before the collision.

(7 marks)




A 950 kg elevator ascends a vertical height of 410 m with an average speed of 9.1 m/s. What
average power must the hftmg motor supply?

A 55.0 kg athlete steps off a 10 0m h1gh platform and drops onto a trampoline. As’the
trampoline stretches, it brings him to a stop 1.00 m above the ground.

10.0m |

How- much energy must have been momentarily. stored i the-trampoline when-he came to rest?

&8, Aspace vehicle f;m“ade up of two parts-is travelling at' 230 m/s as.shown..

e
— 1200kg | 45@;4@%/'\.' —
‘ : v=230m/s

An explosion causes the 450 kg part to.separate and t-avel with.a final velocity of 280 m/ g
as shown.

——— 1200kg i

|l 450kg > ——
; v=280m/s

a) What was the momentum of the space vehicle before:the explosion? (2 marks)
B) What was the magnitude of the impulse on the 1 260 kg part durmg the separation?
(3 marks)
c) Using principles, of physics, explain what changes occur, if any, to the
1) momentum of the system as a result of the explosion. (2 marks)

i1) kinetic energy of the system as a result of the explosion. (2 marks)




29, An object starts from rest _and slides down a frictionless track: as shown. It leaves the track
honzonta]ly, stnkmg the ground ata distance d as shown.

The same object is now released from twice the height, 2h. How far away will it laﬂd?

B. 24
C. 2d
'D. 4d
o

30. A 360 kg roller coaster car travelling-at 18 m/s collides irielastically with a stationary 240 k
8 028 ry g
car on a section of horizontal track as shown in the diagram below.

To what maximum height, h do the combined cars travel before rolling back down the hill?
(Assume no frlctlon ) _ . (7 marks)

b

£
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Answers,

"1 change by a factor of four (1 mark) and so.the work done will become-ever greater as-the

~7 velocity increases by uniform amounts. (1 mark)

i W=F- d 61 .niark)_, but if the cyclist travels faster while-exerting:a constant.force, for.each
uniform increment of velocity the distance travelled-will:beeome:greater .(1.mark) and greater.
| Hence W=F-d yields greater values for W as:the-distance-becomes larger. (2:marks)

] E = 1,2 (1 mark), so velocify changing by a facter of two will cause kinetic energy to =~

:,'v‘ . .". A

oo DWW T s - e
- , ’¥""‘ }b \l . . _f'l - ,N.‘..._,.‘..,N 3] “ e e e — i e e e e - e m e -
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. :8,.'___ma._>.._,,l_&.2€1;§_.;):... N ...A\_..W:;.-'_,.;t b e ot e e e e e e e e et e R
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- )oY oMo T —
e _\Q_.q In-inelastic ebﬁl‘flrisiions;—kiinetic energy is not g:oxiser»ved. ‘»»-~£~—’~;--1~‘~’~:~ /
===~ In‘collisions between cars there are skid marks, dents, ..tp.iec_es:.—of.stvwisféd:metaléan.dél"oudf""' o
..., sounds.
-+ Each of these requires energy. This energy comes from the original kinetic energy.
" Sinee anelastic collision requires conservation.of kinetic-energy, any- collision o
— --+- producing:one or more of the above observations must be inelastic. B
WA . -
12| G-0m/5 , 3637 i
120 g xo" TR o B}

|54 NOTE: Provincial Exarm. lona.. answer %Qﬁ&tngﬁ& ,,,,,, Ce%u,u’:g’
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2l During a motor vehicle accident an unbelted passenger experienced a force which varied with

time as shown on the graphs -

Force vs. Time

Force (N)
o0 7 ofo - 020 030 - 040 0.50
. | , ~ Time (s)
a) C;ilcmilate the area of thé shaded région in thesgraph: - (1 mark)
b) ‘ What &oés this area féprésem? (2 ;manks)

the;makifnurﬁf'ﬁéﬁtéé‘Wouldiiha-ve ‘been oif .
h on the graphibelow how the force ur
(2 marks,

c) Ifthe paé-senger was wearing a seatbelt properly,
third the force experienced without the seatbelt. Sketc
the belted passenger might have varied with-time. %,




ig.(@nh’nueds . .
e E=E — 1 mark

E +E,+Ey=E, +E, +Ey -« 2marks ..._ _

Imv?* +mgh=Lm(v)’ + Ey, 1 mark

1550+9 260= 22 s(v') +3%00" « Toark

v =18 m/s elmark.

3(45)(8.3)2 +45(9.8)(21) = L(45)(v')? +3 600 & Trmark b

e E= E’ ) N
! 4 .

; }<—Z.malzks..
Ek+E +E _Ek +E +EH '

E = Lomy? —ISSOJ 5 6_“13_;,,3'14(

; .
i nrd T

E,=mgh=9260J 3%« 1mark

[t SUUPURI W

d B, =36007 .« Lmark e

[ TSN : B et et e e b+ et e e e e i e

V= 18 m/s A « 1 mark

x
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C D) In an.explosion, momentum must:be:conserved.. . -
1) Smce the explosion adds energy to the system, the system will gain kinetic energy
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Physics 12 - Work and Energy Name:

WORK is defined as the transfer of energy from one body to another.

We can calculate the work done on an object with: W: F-‘ d
Units- Al-m or J_

Note that these are the same units as torque yet they are used to describe very difference

quantities.

Work against Gravity:

How much work is required to lift a 2.0 kg textbook from the floor to a height of 1.5 m

at a constant Vel\'c;city? Fa ’:a = Eg S0... W =0/"’:9 - d
Zr):_:O/\J —? @ W= mjd

We know that W = Fed, so we need to determipe the force needed to lift the book at a

constant velocity. W = (Q OX q. @>(, . 5’> = 9 H J

Forces at an angle:

A boy is pulling his sled at a constant velocity of 1.2 m/s. He pulls the 15 kg sled with a
force of 35 N at an angle of 40° to the horizontal. How much work does he do in pulling

the sled 20 m? ‘o stneed 7o break. Fa Z
rto Fy # F =
nio P 4 Fy faid

[ 3L
T

Rule: When finding the work done on an object we only consider = 7L/)C ¢ Omg oOhén ‘IL

W=k d of the force infhe
= CDS40(35> . 90 directon et moyvemenl.

=536 7 W= cos6)d

Most of the time the angle is 180° and cos180 = 1, so the formula becomes W=F°d




Net Force vs. Applied Force — Which one do we use when calculating worl?

A physics student is pushing a rope 15 m across a flat surface. The student pushes the

rope with a force of 220 N, while the force of friction is 120 N. How much work is the

Nl

student doing?

To find the amount of work done by the student should we use IF or Fa?

The shudent puts in F of 0N so ..
W=F, d = Qao)i5) =3500T

Sowhen_would_we use net force? 4~ th -f’h& ﬂC7L WQ(K/\’JI
=ipcludes oll Jorces # the wort they owe doing on
+he. ob\]cr/}. e . fyickon

Rule: When finding the total work done on an object, we always use the applied force.

Why can work be positive or negative when it is a scalar quantity?

Work is the product of a scalar and a vector, but work is scalar. However, work can be

positive or negative...

The concept of work plays an important role in physics since it connects Newton's
second law of motion to the important scalar quantities of kinetic energy and potential

energy (through the work-energy theorem).
Example 1

A constant force of 40.0 N is needed to accelerate a car as it moves 5.0 km down the
road. How much work is done? Does the energy of the car, @u decrease?

NKE T
QA

PLVE 2
PR w=(F - cosi80)- d
7.;"77,0’, — =(40.0)5000) = -+2,o><)og:T‘

—

d = 500m The workis POSITIVE




Example 2

In reality, we know there will also be a force of friction acting between the surface of the

road and the tires. How much work does the force do? Is this work causing an increase

Fp=-a80N

N
b ¢ Vs .0 = e
ﬁg”‘l% ?A’w W F‘;c d 5
> =(-'Q.3.0)( 5000} = ——/,l-{O)QIO :j—-
7=5000M The. work is NEGATIVE

Using a Force vs. Displacement Graph —

The graph below shows the component F of the net force that acts on a 5.0kg object as it
moves along a flat horizontal surface. This information is graphed against the
displacement of the object.

The work done by a force between two points equals the area under the curve of foree vs. distance
between ftwo points.

Fogs 1 (XY

Fows TN}

=
o
o
. ]
8
fang

o {uny

Work Done by a Variable Force

The work done by a variable force (a force that changes throughout the motion) is equal
to the area under the F vs.d curve.



The graph shows a variable force acting on a 15.0 kg mass on a level surface which is initially at

rest. Find the total work done on the block. Find the final speed of the mass assuming friction is
negligible. - -
forl N/ A=b’h

(FCOSH)ao I a
g ¢9\0
: \ 20

/ \ =307
0 / \ AZZQ,D'.QD

/ \ Az=3.0:2D

a2

DO 10 A0 3.0 70 50 B0 9.6 9.0 = 307
V\/;AKE KE % d (meters) .
W =l 10=4(15Y¥) 473.9 m/s)

WORK-ENERGY THEOREM —

( = AKE—%—APE ﬂEr\

1 ) =y 3 j % = 5:, Ty

Work-Energy Relationships so far: \

[WT=AET=/;;'JJ [W:AKE =2F.d} {W=APE=2F,dJ
, | Jf
po®  zFd-foav 2Pd=mghh

[AE}\:F‘?’C’d }




— 2 *
With Kinetic Energy: W=/AKE or Zf- d . ;,L m(\/,’; — Vo >
When we accelerate an object we do work by changing the object’s kinetic energy.

We can use the work-energy theorem to find the speed of an object and this gives us

another framework to solve problems involving motion.
Example 1

If an 85.0 kg has a Net Work of 600 J done on it in order to accelerate it across a level

horizontal floor starting from rest, what is the final velocity.

work eneray Fheorem #clls ws fhat W=Ki, — KE,
99 LT e # 0

600 = - (95.0)(2* - 0%)
7:: = 3.76 m/s

Another common use of the work-energy theorem is finding information about the

forces acting on the object.

Example 2

/ 0.090Kg
A baseball pitcher can throw a 90.0g baseball with speed measured by a radar gun of
,1130 km/h. Assuming that the force exerted by the pitcher on the ball acts over a distance

of 0.90m, what is the applied force exerted by the pitcher on the ball (with no friction)?

31 W=AKE =L(000)s.%-0) = 5877

m/s$
W =="-d 5¢.F<ZF - 0.90
SF= 65N+ o)
Ta=65N




With Gravitational Potential Energy -

The gravitational force is one of a class of “special” forces called conservative forces.
What makes the gravitational force special is that the work done on an object by gravity
ONLY depends on its initial and final position. The work does NOT depend the path
taken between the initial and final position.

[w=ape]  |ZFd=mgah

When an object is lifted, work is done by gravity on the object over a distance. The

height is changed as an object is lifted. A change in height produces a change in

potential energy.
Example 3

A 3.00 kg model rocket is launched vertically upward with suff1c1cent initial speed to
reach a height of 100m. However, air resistance (a non-conservative force), performed
8.00 x 102 of work on the rocket. If we were to ignore air resistance, how high would the
rocket have gone?

- + i +her©cl¢6+
Wac.=OKE + APE rore. Iamched]

+800 =AKE + (3)A-8)(10D) With n0 airresisiane
+hen
AKE= +3740T
(foss of MKE) AKE =-AFE = =M Ah
V""‘”%ﬁ) +3740= ~(3.00(9.3)0h
(T Ah= 127 m



Assignment — Work and Energy Problems

1. A 10.0 kg object is accelerated horizontally from rest to a velocity of 11.0 m/s in 5.00s

by a horizontal force.
a) How much work is done on this object if the object is on a frictionless surface? (605])

b) How much work is done in slowing the car if there is a coefficient of kinetic friction
of 0.115 between the object and the horizontal surface? (-310])

o) a'=1U=0 =3am/

5.5
(1o)(2.2)= Fa +©O Fa=22N
— a2 NEP AT ER
4= o+j(a.:l)(5- 0)" d=aF.5m =705

) Fa=(.15)i0Ya.8)= ~11.3

Wep=Fe- =—-3loJ
A(-ats) (1.39 mls)

2. How much work is required to accelerate a 1.10 x 10% kg car from rest to 5.00 km/h

along a level, frictionless surface? (1.06 x 10°])

R WEAKES= ;Lm(vpl*ﬁ) -
:E =;2L(Hoo)(1.3ﬁ1 ~o?) = /‘%33:”
rg (1,06 41037

3. A'150 N force is pulling a 50.0 kg box along a horizontal surface. The force acts at an
angle of 25.0° as shown in the diagram. If this force acts through a displacement of 12.0
m, and the Ccﬁci f kinetic friction is 0.250, what is the speed of the box, assuming =

est? What if its initial velocity was 2.00 m/s? (3.75 m/s,ﬁ.?_S ) MRy

F=150N @ N:AKE ~__5,<_,_;;
35.0° ZF d :j— m(VP ?ZVDZ) 9
Fu=F- Fy -7 @‘I.&XIZ-D);;%‘@OXV;"" Oz) Ve= 3,25 m/s
N a5 D aD)=tEo)(v- 7)
= a?/\‘ =
F %%Lg.aSOXHQ? =~[07 e 425 m/S
ZF: COSQS(’SO +(-10F) = &0"51\1

it started fro




4. A 2000 kg truck descending on a 5.0 hill is brought to a stop in 250 m. The driver applies the
brakes so that the wheels lock.

a) If the coefficient of kinetic friction between the truck tires and the road is 0.60, how much

work is done by friction in stopping the truck? (-2.93 x 10¢])
b) How much work is done on the truck by gravity? (4.27 x 10°])

c) How fast was the truck travelling immediately before the brakes were applied? (50 m/s)

N = an Fin = (0.60)A000° 9.9 = COS5)
FN F == 2/5 N

- W=/l 5 Xas50) ‘=W
"y b F, = sin5(a000:9.8) = 1708 N

C)-II?IS'M?DS 20000 y\i:j (!“70%)(;1‘50) = ‘/ AT XIO J’
= ~5.00 m/4g* 1-&(—-»5 00)(3}70) Vo 50.0 m/s

e SR Y

5. Given the following force-displacement graph of an object being pulled along a level
surface, what is the work done in moving the object 8.0 m? Which force is responsible

for the work on the object shown here? area —> l: 4 :j

(Fcosf) L .p : - b l"x N I
) 4.0 2
30 5.0-(-2-0>+ (5o -:.L(}/
o
2.0
=-30 + - 10
/.0
- N ~~13J
' /
10 \/ / / /
: | N\ / / ﬂCfGHOf\&J
20 1> rees are

00710 20 30 4o 50 b0 70 go 90 /0.0 <
d (meters) regponsi ble.



6. A student wants to lift a 20 kg crate off a floor.

a) If the crate is lifted a height of 0.80 m at a constant speed, what is the work done by
the student? (157 ])

b) If the crate is lifted to a height of 0.80 m at a constant speed using a frictionless ramp
with an angle of 60° above the horizontal, what is the required force and the work done
by the student? (170 N, 157 J)

c) If the crate is lifted to a height of 0.80 m at a constant speed using a frictionless ramp
with an angle of 30° above the horizontal, what is the required force and the work done
by the student? (98 N, 157 J)

d) If the crate is lifted to a height of 0.80 m at a constant speed using a ramp with an
angle of 30° above the horizontal, and the coefficient of kinetic friction between the crate
and the ramp is 0.30, what is the required force and the work done by the student?

WPWngh = (a0Xa.8)(0 30) = [157]
. Y=

b) ¢s F;,:(g}h(90°é10'q'%>= 70N =F, (21’*’-’:0“)
& we=(70)0.924) =[I57 T
_&[oﬁwm — smbb=%§@ d :O.@;’#m

Y) Fy=(sin30-20-99) = 9§N=Fa (ZF=ON)

T w=@8) L) =[I57 J]

o S
0¥y sinzo= 0;’" d=1bm

F,/: '—78/\,

Fr=(0.30(204.9:C0s30) = =51 N
0=Fa "’Fu‘f‘)Ff

_,,Fa-.'-(.—qg
w=(119)1.6) = T2237]

50 Fp=*+IH9N



7. A system containing a frictionless pulley is illustrated below. If this system is
released, at what speed does the 12.0 kg object hit the floor? (3.14 m/s)

¥System : Find ZF % sygkm will accel aT Same
i
SF=118 +(,:,5<5 D W=AKE
A -1 sF-d= (> - W)
A (59150)= $(18- 0?3
{SOm V}_T—,B. MM/@
6.00 kg Floor

8. A 45.0 kg box is pulled across a horizontal surface by a constant horizontal force of
192 N. If the box starts from rest, and the coefficient of kinetic friction is 0.35, what is the
final speed of the box when it has travelled 8.0 m? (3.68 m/s

: CVEAE

AN _ N
F'Pé——g._\__Fg?’;q; zr’d:j‘”’(\fpl"uoz>
ZF= 1aa+(-151)=38N 6%-%0—-‘{45)(\/ 2_2)
= E -
F
[%f{gq&s)(qgovl%ﬁj Ve < 2.0% m)

9. How much energy is ngeged /to acceleﬁat/e allx10°kg object-along a horizontal
frictionless surface from 15 km/h to 25 km/h in 5.0 s? (1.7 x 10*])

W:AKEz;’mAVz = ;{-(1100}(6.%4714,172)
= 16926 T - /,?x:o‘*gr

10. A 4.0 kg box moves on a floor by a force that varies with distance as shown in graph.

What is the speed of the box after movmg 15 m starting from rest? (100 J)

1o}

i Kl 1 15 o (m)



11. A 1200 kg car is travelling at 10 m/s.

a) If the car is accelerated from 10 m/s to 15 m/s, how much work is required? (7.5x10)

b) If the car is accelerated again from 15 m/s to 20 m/s, how much work is required?

(1.1x105])

¢) The car is traveling at 10 m/s comes to a stop in 12 m when its brakes are applied. If
the speed of the car is doubled to 20 m/s and all else is the same, how far will the car

move before coming to a stop? (48 m)

o) W= BHE L oc)(155- 1) = #5000 + F.5110"T
b) w=AKE=;'—(IZOO)(9,o¢/ 15*)= l05P00T > |, 1£105 T
_ 4
<) F d- AV —H000 ‘d'—‘ﬁ(agoo D ,202->
Foin-t(nd(o-w
S FeIx &(lué(o l0> e ig

12. A 0.08 kg arrow is drawn back from a bow whose string exerts an average net force

of 120 N on the arrow over a distance of 0.90 m.
a) How much energy is stored in the bow? (108 ])
b) What is the speed of the arrow when it leaves the bow? (52.0 m/s)

c) When the arrow hits a wooden target, an average force of 4500 N brings the arrow to

rest. What distance does the arrow penetrate the wooden target? Ignore air resistance.

& W=nPE=5F.d 120090~ 108 T

) APE=AKE
108=4{00)(p>-¢) V= 510M)s

c) W=AKE
2F -d =;{—m (vpz_-vf)
4500 - d= L(0.09)(c-52) o= 002




Physics 12 - Conservation of Energy

Energy is neither created nor destroyed. It may only be _C h an g € CJ from
one type to another. This means that if we are looking at a closed system (a situation
that has no outside sources of energy), the total change in energy is always 2€/0D .

There are many forms of energy: mechanical (potential and kinetic), thermal, electrical,
nuclear, chemical etc. Ope form of energy can be converted into another form by

We will be mainly focusing on potential and kinetic (and a little bit of thermal) energy.

<

Potential Energy (PE): Kinetic Energy (KE):
stored energy energy of mohon
= 2
PE =m 9 h KE - EL M\

Remember:

Potential Energy is always.. £€lahVE

Hfo a reference point- |

/ Total Initial Energy = Total Final Energy\
KE, +PE,= KEp +PE}p

2 L 2
;21. M, *mgh, = 3V +mghy

N J

But at all times the SUM of the gravitational potential energy and the kinetic energy is

constant. r? F"

All gravitational PE—'—-* /OOJ—
potential energy KE - OJ

> 3 } %{AH kinetic energy

/ Total Change in Energy =0

NAKETAPE=E=D

AVE =~ APE

-

/

=50T0"

1/2 kinetic energy

PE=0TJ
KE =100 J

Ef’b oJ

1/2 itational =
@ s, Pe = 50T Erioou

E;,: 100J



The principle of the conservation of energy states that the energy can be
transformed into another form, but the total energy remains the same. This is
" true even when there is friction.

PT. KE

™

Jn
By

3

PE KL

KE, +PE,, = KE:+PEp +(5d)
;{mvj? mgh,= jm\¢2+m \ghs + /ﬁz 4)

Some terms to know:

Conservative Force — A force which does work on an object that is independent of the
path taken by the object between its starting point and ending point.

Both gravitational and elastic forces are considered conservative forces. This means
that work done against the force (energy) can be recovered = it is stored.

" remains mec han,cal E %Amu‘ghol/# MOHon

Non-Conservative Force — A force whose work on an object IS DEPENDENT on the
path taken by the object from starting point to ending point.

An example of a non-conservative force is friction. When work is done against
friction, the energy cannot be recovered as it is converted to another form = mainly

thermal energy. '-' Nno /Onj er mechal)/'ca/ E

When work is done by a non-conservative force, it produces a change in the total
} Wae Eﬁf

%{ Last class we learned through the work-energy theorem that:

mechanical energy of the object.

The change in Potential Energy of an object is equal to the work done on the object.

The change in Kinetic Energy of an object is equal to the work done on the object.



Example: The first peak of a roller coaster is 55 m above the ground. The 1200 kg car
starts from and goes down the hill and up a second hill which is 30 m high. How
fast is the cdr traveling at the top of the second hill? (assyme no friction)

+ PE, = KE_; +PEF
N
S webase our mess'S o .7% is ref,
M)e being b= om +hen
KEO-—O ,__Q ‘IEF’-'O
so-- - PEL KE;
gho mVF

25)= 4+ =02
@‘3\( > = r.?oig

.

When we are dealing with non-conservative forces (such as friction) acting on an
object, not all energy will be transferred between KE and PE.

The “work” done by friction on an object will change some of the mechanical energy
into HEAT (thermal energy). This energy is quickly conducted or radiated in all
directions and is effectively dispersed.

If we observe a block of wood sliding down a ramp with a small amount of friction,
how would the blocks kinetic energy at the bottom compare with its potential energy

atl thv ¢ : PE@
tthe top? PE, > KE,; becawe some
PE - E KEp.

This does not change the fact that the total energy in the system is CONSTANT.
Now...

KE,#PEo = ey +PEf + Ey AKEHAPE+DE,= O




Example: A 5.0 kg block of wood is now pushed down a ramp with a velocity of 6.0
m/s. At the bottom of the ramp it is traveling at 7.5 m/s. e, -Omy,

a. How much thermal energy is generated due to friction?

b. Determine the force of friction. ). N
l S
a) KE, +PE, = KE, +PEL + Ey
2.
;Lc;oXb;o)ﬁ (5.5(q.8)X15) = H50(F8) +O+ Et
Ey=a2.9J

) AEy=Tped  229=Fp-35  Fp=bSN

Example: A 0.50 kg block moving at 3.0 m/s slides from A to C along a frictionless
surface, and then passes through the horizontal surface CD, where a frictional force
acts on it. As a result, the block slows down and comes to a stop at point D. The
coefficient of kinetic friction between the block and the surface in the region CD is
0.40. Ignore air resistance. ‘ 3.0 mis
a) What is the total energy of the block at point A? g
b) What is the speed of the block at point B? Ca
c) What are the speed and the kinetic energy of 050 kg
the block when it reaches C? 70 m
d) How far will the block move before coming to a
stop at point D?

o N
A4 A

*LosD(30) + (050 4)2:0) = 36.6T
b) E; = KE +PE = 121 m/s
36.b= J"{OSD)\/ +0
) Er =KE+PE
3662 Hos)v? »(os)a(t0) Vo= .35 ms
d) erc = AKE "’;’;m Ve - \J{D = ;I{(o-soy(ol- 3.;6’)

Wep> 1703 =~ 19~ d F2(0.4Y050)4.5)
d=8.63M = =96 N




Conservation of Energy Assignment

1. A physics student lifts his lifts his pet rock 2.8m straight up. He then lets it drop to

the ground. Use the Law of Conservation of Energy to calculate how fast the rock will

be moving (a) half way down and (b) just before it hits the ground (ignore air

resistance). (5.2 m/s, 7.4 m/s) ¥ho mass j;r&n - Luj“ i+ remains +he .

O PE,y , KEr Some s0 rahosremarn o
: PE=(.9)(28)KE, =0T T conelat
= €
_1__IPESKE 27HT %d |
1 %—-—

Lo7.4=133T=4v" v=_5.2mls
___s:L——-PEF yKEp PEz=0 KE=27M4 =i\/2 V= 7"""‘)

2. A 65 kg girl is running with a speed of 2.5 m/s. How much kinetic energy does she
have? She grabs on to a rope which is hanging from the ceiling, and swings from the
end of the rope. How high off the ground will she swing? (ignore air resistance) (203 J,

" K< Hes)as™ = 03T

AKE +APE =

(/ost KE by 1op)

3. How much kinetic energy will an 80.0 kg skier sliding down a frictionless slope
have when he is two-thirds of the way down the slope? The vertical height of the slope

is 60.0m (3.14x10*

PR Goxa )bo) = Y2040 |
2 = | t
5(4?0%@) 3./4x10°J

60.0m

4. A golfer wishes to hit his drives further by increasing the kinetic energy of the golf
club when it strikes the ball. Which would have the greater effect on the energy
transferred to the ball by the driver — doubling the mass of the club head or doubling
the speed of club head? (double speed)

KE=2 pv™ ) *doublifpecd
double mass = L)1) = 1T hag grear
donble speed = _;Lf( Y2 = A Sheth.



5. A rubber ball falls from a height of 2.0m, bounces off the floor and goes back up to a
_height of 1.6m. What percentage of its initial gravitational potential energy has been
lost? Where does this energy go? Has the Law of Conservation of Energy been broken?

(20% lost)
PE=@8(A.0)= 1.6 %’f X 1007, = #9b
L TPEP(WXL@ =E3T /00~ 39.b= 2047, lost
a.
- — therma l E
l L —> No)ev"g}ml E 1s cons-)-arﬂ"

6. A 0.80 kg block slides along a frictionless surface of a 30.0° incline. When the block
passes point A, the velocity of the block is 3.0 m/s. After the block moves 1.2 m from

point A, it reaches point B as shown in the diagram. \:::0:8?} by

\‘:.:Z\ *\wl
a) Find the kinetic energy, potential energy, a

and total energy at point A.

34 ms

b) Find the kinetic energy, potential energy, 5 0m _
and total energy at point B. B
¢) Find the changes in kinetic energy, potential 3‘;‘.:\\

energy, and total energy between point A and B.

o) KE=1(030(3)" =3.b7 Ey =35 +1568 =193
pE= (0.90(1.9)(2.0) = 15:68 7 L & 2

b) Fu= sindo(080)(a.8) = 392N ZF=my 39220800 a2
V2= 3.0%4 2(1)1.2) Ve© 4.56m]s
KE‘%(D.%O)(Q.S/O)Z ~¢37 PE=193-83= 10T 71937

c) DKE= §.373.b = 16T APE< N—15.68="1b]

AEr: Hot(-4.6)= 0T



7. A 3.0 kg stone is projected directly upward with an initial speed of 12 m/s. This VE < O
stone experiences an average air resistance force of 20 N.

a) What maximum height does the stone reach? (4.37 m)

b) What is the speed of the stone when it lands on the ground? (5.2 m/s)

a) KE + PE, = KEp * PEp W vee=0
Lo+ 0= 0 + (2.0)a-8)h + 20°h -

b) REo+ PEo = WEf + PEf Nrg
O * <3,o)(o).3)(’7’-3?) =§[3~0 Ve~ + O+ 30(4-’3'71>
I28.5 = ’-EVFz + 8. I
Yl 1= 15 N2 Ve= 3.2 m/s

8. A 50 kg student steps off a 6.0 m high platform and drops onto a 2.0 m tall spring-
loaded board. As the spring-loaded board is compressed, it brings her to a stop 1.0 m
above the ground. Ignore air resistance.

a) What is the speed of the student when she hits the board? (8.85 m/s)

b) How much energy is momentarily stored in the spring when she comes to rest?
(2.45 x 10° )

% q) KE+ FE, = Kep + PEY
Ve 0s(s0Ya 8)(69) = h(50)vp> + (50X4-9fa)
' 2940 = 25> + 980 == 9.85m)s

b) HE,+ PEo = KEp+ PEr + Egyred
o +( 50)(9.8)(b.0>= O 41_(50‘)(4‘3)(“0) * E syoret

Eyorcd = 2150
=245 X100 T

x

?‘I

b =daldh+20n  alb=i14h h=437M LE =0
=

6,0 1| &

the diagram. If a frictional force of 55 N acts on the block as it moves up the incline, FL° d
what maximum vertical height will the block reach? (1.7 m)

v b
N i—lq'qu'o>2 +0=0+ [?oOXQ.%>h_’: +Q55Xh.[.‘__ ™
~y T N25

T b03.5 = (8.6hs + 15.9h; |
\ 9.4 m/s 353-5’-’ /64‘6%,&
b ‘ . ~$\. ’.LF = \ ’? M

350 7.0 ke

T ——




10. A 2.6kg laboratory cart is given a push and moves with a speed of 2.0 m/s toward a
solid barrier, where it is momentarily brought to a rest by its spring bumper. How
much elastic potential energy will be stored in the spring at the moment when the

spring is fully compressed? (5.2]) K = = :QL/Y) VQ. — PE

v =20m/s :‘-,.,L . >
n m =26Kkg 02 (Qé)(; D)
=5.2J

11. A 2.00-kg block is pushed against a spring with negligible mass and force constant
k =400 Nm, compressing it 0.220m. When the block is released, it moves along a
frictionless, horizontal surface and then up a frictionless incline with slope 37.0°
Spring forces are conservative. (PE of an ideal spring that is completely compressed
can be found using PEcompressed spring = 1/2kx?)

A) What is the speed of the block as it slides along the horizontal surface after having
left the spring? (3.11 m/s) ‘

B) How far does the block travel up the incline before starting to slide back down?

(0.82m) : a) since spring force is (ohservahve

. ME=-APE

s

" PE = L= L (gov)(022 §
2 KK = 5 (toox0:
rra =9.68T
KE= 3V 949 > 5@.00)\/7'
\ Ry = Sin(ﬁé{.oo-q.X) v=3llm/s
b)i‘) e TNEN

3 @.oo)(3)= N.g 'd)= - 5.40m/s
—
o*= 311> +2(-590)d d=0.82M




Physics 12 - Power and Efficiency

POWER is the rate of doing work or the rate of using energy. In other words, power is

concerned with the amount of time it takes to do a certain amount of work.

Mathematically we define power as: P W _ AE

Py

t t

The unit of power is J/s or Watts (W)

Example: A wrestler is setting up a body slam and lifts his 80 kg opponent clear over his head

to a height of 2.2 m in 0.675 s. How much power did the wrestler generate?

P=APE = mgh - (@o)9.9)2.2) - [2529 W]
b b 0,675 (3-5’“03W)

Example: While cruising along level ground in a sleigh at 4.0 m/s, the driver cracks the whip
and speeds up to 12.0 m/s in 4.5 s. If the sleigh and driver have a combined mass of 850 kg,

how much power did it generate? Ignore friction.

pefKE - Emlyet_v) = Hos)(s 10
t £ 4.5

Y
=[]2,069 W, (/,,u 1o W)
Another useful equation for power can be derived: V

pP=W W=Fd
.b
=Fd v=d

t t

P=Fy l % constant velocity

Example: A student pushes 14 kg of their physics homework up a 40° ramp at a constant

velocity of 3.2 m/s. The friction force is 26 N. How much power must the student exert?

pP=Fy EI"‘E,C"'FQ:O E(”/ 4.0m
2.5m
- Sin LIO(“{-Q,?)'/"(")Q"’F% =0 o 0°

Fa= 14N P=(114)(32) =365 W




Whenever we use a machine to do work, some of the energy we put into the machine is

always lost, mainly due to friction.

For example: An electric heater is approximately 95% efficient.

A car is approximately 30% efficient.

A light bulb is approximately 3% efficient.

We can define efficiency in one of two ways:
W. + . P
= X 1007, or out’
M/; Pi n

The most common confusion when calculating efficiency is in understanding which values

X 100%

apply to work/power IN and which applies to work/power OUT.

Work/Power In: ’IL‘D7LH / 4 grg \/ Work/Power Qut: W}'l aj" Was
power used Ly r acma{ly acwmp)ishzl

the process., by The process.

Remember that energy is always LOST somewhere in using the machine, so...

Work IN > Work OUT - gt o< 100
power IN 7 Power OUT

Example: The Top Thrill Dragster is one of the tallest roller coasters in the world. The car is

accelerated along a level track until they take a 90° vertical turn and travel to the peak, 120 m

high. A typical fully loaded car has a mass of 2800 kg. o OD‘(-:S

oY%
a) Calculate the minimum amount of work done on the car 120m
in order for it to reach the peak? ' J'

=3,292,%00J
= 2.29010°T



53.bmls
b) In reality, the roller coaster is accelerated from 0 to 193 km/h in 3.8 s. Find the actual power

input of the ride.
A * =T7 ob%10° W]

W=AKE = +m{ve>-v2) na‘-(zsoo)(53.bzfoz>= 4,02 X10%

c) Determine the efficiency of the ride from start to peak.

b
E = Wow}" © 2.29X10 XIDOOD _ 5;2,0
f XIDD/ H.p2 x10" / U A

Example: On the Incredible Hulk roller coaster the car is initially launched up a hill 34 m
high, travelling from 0 to 64 km/h in 2.0 s. A full car has a mass of 4500 kg.

17.9m/s
a) Find the power output of the ride. b
Pyut= Wout= 1,499 10° + ¥ 13210° :& /.]1X10 W\
3 Q.0

Wout = APE +AKE =__°1'9~’X'O°’L‘I
A\ PE =(dsp0(9 g)(34) = 1.49900°T
A KE = -(4500)(17.97-0%) = 21305 T

b) The power consumption during the initial launch is actually 1.45 MW Determine the
K 000000

efficiency of the ride during the initial launch.

Eyr = L x__;o X /00 /o \77 A
J.45x10°

¢) If the car pulls into the station at 8.0 m/s. How much heat has been generated since the first

peak? En = KE"L + 'E;_} EH '&m

2-
2.0 X10°= j(%’oo)(?.o) + E,

d) The car is finally brought to rest over a distance of 2.0 m. How much force is required?

i g‘“ W= AKE = ZF-d
(;{—m(o)z- j{qu@(‘z,oY) =zF-2.0

(2F = 572,000 A
oppvsiic o moho"




Power and Efficiency Problems:

1. A 20.0 kg object is lifted vertically at a constant velocity 2.50 m in 2.00 s by a student.
Calculate the power output of the student. (245 W)

f P=W = (20.004 8)(&.50)
Py

2. A 2.00 kg object is accelerated uniformly from rest to 3.00 m/s while moving 1.5 m across a

level frictionless surface. Calculate the power output. (9.0 W) 3 02_ Oz -}—.an IS

ﬁc=°N$FN Lo P=Fv f(é'owl’5> 2=3.0m/s"
Fg B_'_?___I @,OYB,O)‘: F”q +0

V= 0430 = 1.5 m/s Fq=6.0N

e

2
3. An 8.5 x 10? kg elevator is pulled up at a constant velocity of 1.00 m/s by a 10.0 kW electric

motor. Calculate the efficiency of the motor. 83%

gl Routyiooy @503 100) y jo0 =|83%
P, 0 OO0

Y9
4. A 5.0 kg object is accelerated uniformly from rest to 6.0 m/s while moving 2.0 m across a

level surface. If the force of friction is 4.0 N, what is the power output? (135 W)
o—" Rip==F-v 6-0_;0;26}50
o=9.0pm/s
(l/ >(3 ) (5',o)(°7.o>s SF=4YS N
Vav =O 16 - 3,0p/s

A
5. If a 100 kW motor has an efficiency of 82%, how long will it take to lift a 50.0 kg object to a

height of 8.00m? (0.048 s )

02z Fout Pout= 82000 W = 60)2.8)(8.00)
t
[O©O0 O
7 L{—=o,o48§J




A
6. A 2.10 x 10* N airplane requires a power of 7.46 x 10* W at the propeller to climb at an

angle of 20.0° to the horizontal at a constant speed. How much altitude could it gain in 10.0

minutes if air resistance is ignored? (2133 m)
D= W 2.4 bx101 = W w=4d.4gx0t T
T (10X 60)

W= APE  Hyguot=@u3)Xaf)h  [h=2133m)

7. A 1500 kg car accelerates from rest tp 75 km/h in 45 s. How much power is supplied by the
engine to accelerate the car? (7.2 x 10° C%O omls

P= W - OKE = £(1s00)Q0 3)" W
t ot H5 )

8. A locomotive engine can supply 1.49 x 10 W to accelerate a train car from rest to 20.0 m/s

in 9.0 min. Find the mass of the train. (Ignore friction) (4.02 x 106 kg)
P=AK= /HaAxipe = ~M(&00 C 4o02x10 /{gj
1= (9.0)( w)

9. A skateboarder increases his kinetic energy from 800 J to 1600 J in 20 s. He expends 1500 J

of energy during this activity.
a) Ry = AKE _
a) What is his power output? (40 W) ‘ _{7 _

b) What is the efficiency of this process? (53%)

&) Pip= 1500 [75 W] ;—;’—g—xtw’ 53%

LD
10. A 1000 kg automobile starts from rest and accelerates along a road to 30 m/s in 15s.

Assume that the air resistance and frictional force remain constant at 500 N during this time?

What is the power developed by the engine?

P=Ev =(2s00(15) J2.7510'W) 5 - s0-0 - 2.0 mfs

(100 o)(.? 0) =F, + (- 500>

Fo=a5b0 1\/




11. A student pushes a lawn mower 10 m from rest. The graph shows the applied force

versus d1stance

F A

1o

ey 0)W=area=(6-49(4100)
\ YO

Sl LKE- Lo 75T

C’).,S_zéxmo JS@"
18 R e

Hy ()

a) How much work does she do moving the lawn mower 10 m? (640 J)

b) After she pushes the 30 kg lawn mower 10 m, it moves at 5.0 m/s. What is the kinetic

energy of the lawn mower? (375 J)

c) What is the efficiency of this process? (59%) -

12. The graph shows the potential energy of a model rocket versus time.

FE { 3 | e i b ﬂ;__ﬂ,,?_,m, ._4.;-‘_,“;___“ % e L Rk

o =2 -[FEsW)

2 T i

o) W=APE

Q~

i b)0.60 = 225

i

“t(s)

.5 1.0
a) Find the power output of the model rocket. (87.5 W) P In~= ’I '7‘@ W ’

b) If the model rocket is 60% efficient, find the power delivered to the rocket by the engine?

(146 W)



13. A force acting upon an object to cause a displacement is known asCl
a.energy  b.potential c. kinetic ork

14. Two acceptable units for work are . Choose two.

e oule b. newton ¢ watt @N em

15. Power is defined as the is done.
a. amount of work which b. direction at which work c. angle at which work he
rate at which work

16. Two machines (e.g., elevators) might do identical jobs (e.g., lift 10 passengers three floors)
and yet the machines might have different power outputs. Explain how this can be so.

depends on 1he hme +hey complete The workin “rat”

17. There are a variety of units for power. Which of the following would be fitting units of
power (though perhaps not standard)? Includei il that apply.

Watt b. Joule @O ule / second 10rSEpOwWer

18. Two physics students, Will and Ben, are in the weightlifting room. Will lifts the 100-
pound barbell over his head 10 times in one minute; Ben lifts the 100-pound barbell over his
head 10 times in 10 seconds.

Which student does the most work? A D'H\ d 0+he Same

Which student delivers the most power? Be n Explain your answers. SIM m” cr
| “amountof hme
19. Jack and Jill ran up the hill. Jack is twice as massive as Jill; yet Jill ascended the sam
distance in half the time. Who did the most work? [4 (I hi 9)'\ er mass

Who delivered the most power? Ssamé Explain your answeys. .
M has QX Mass, ehe has ax velo ciy
=qancel ow




Physics 12 - Impulse - Momentum Theorem

What is Momentum and how is it different from Kinetic Energy? In physics 11, you
learned that momentum is equal to the mass of an object multiplied by the velocity of an
object. The larger the mass a moving object has, the larger the momentum, and the
faster an object moves, the larger the momentum. But how is this different from kinetic

energy???
Momentym = veckor!  Kinehe Energy = scalar]
MOMENTUM HAS DIRECTION WHILE ENERGY IS ONLY A QUANTITY!!!

Both energy and momentum are relative quantities. If you are driving in your car
down the highway holding a brick in your hand, relative to the ground the brick has

both energy and momentum, yetrelative to the car the brick has zero energy and zero

momentum. ) / I ;&r;f‘g"‘r!’*—‘ §Fgm w;»n Pl ijgﬁff brl Ck- moves
v=lom/s a+ Omls =My
=(.0)I0) |,

Fi’jom*f*ﬁ’;’:‘ g{j 353%

: ,.hz&,,_“ =
,V,a,, f?“%f.f‘s

=br;ck does not move
V= —

i~ 7 . )
r =(1.oY0) = O kgmis

Momentum can also be thought of in terms of force. A force applied for a certain time

on an object will change the velocity of the object (therefore changing its momentum).

ZF=ma  net force appled will resubt [n accel. = AV

We have a special name for this amount of force given to the object. We call this amount
of force IMPULSE.

Momentum is a quantity of motion that depends on both mass and velocity of the object

in question. *VeCTLDr‘ q,uan%/\/ X )_D? _ m_\;

The units of momentum are - kgem/s or Nes

Example: A baseball pitcher hurls a ball (mass = 0.100 kg) at 32 m/s. The batter crushes it
and the ball leaves the bat at 48 m/s. What was the ball’s change in momentum?

~32mls —
® AR = maV
g_qum/s P‘(O.IODX‘{@"(’ 337
=180 Ky mfs



Impulse:

Since momentum is the product of mass and velocity. Since we will not be dealing with

changing masses, we can define an object’s change in momentum as:

— —
Ap = MAV

- ZF 4

Whenever a net force acts on an object, an acceleration results and so its momentum

must change.

How do forces relate to changes in momentum?

A student jumps off a desk. When they land they
bend their knees on impact. Why does this help
prevent damage to their knees?

AN =zF-1
Cm:f%ht J 7T

Coaches for many sports such as baseball, tennis
and golf can often be heard telling athletes to
“follow through” with their swing. Why is this so

1mportant7

miV = ZF -t

: conﬂarﬂ /[\ onshant ’I\

mA7

Conventional wisdom suggests that cars should be
made tough and rigid to prevent injury during a
collision. However, newer vehicles are all built

with large crumple zones. Why?

consinrrf

=>F-1
L1

Example: A 115 kg fullback running at 4.0 m/s east is stopped in 0.75 s by a head-on

tackle. Calculate:

a) The impulse felt by the fullback
b) The impulse felt by the tackler

c) The average net force exerted on the tackler

£y B

Y, = 'iOml,s %=0mls  ve=0mls

2) Ap=mid = (15 o-140) =} ¥ho kgl

b A= ZFtx . =[rio Kj.m/ﬂ ¢) H0=ZF- 0.75

“:?‘?gmk ('5""\"‘\"h

ZF=6I3N




Example: A 1250 kg car traveling east at 25 m/s turns due north and continues on at 15
m/s. What was the impulse of the car exerted while turning the corner? -

Ap=mdV W= -V,  Ve=a5mls
A‘,S’ =(1250(29.2) Vo = 25mis TVF: |5 /s
Zgéew kg.mls S . szlgm/..’:
(259° Wof N AN A=\[as2+5% =292

/
Jan~"(25)= 59° Wb

The Law of Conservation of Momentum

Momentum is a useful quantity because in a closed system it is always conserved.
This means that in any collision, the total momentum before the collision must equal the
total momentum after the collision.

- O, 2
Po:PF APmle

MVig 7 MaVp, = MV +Mp\,

Collisions can be grouped into two categories:

Elastics Collisions: Inelastic Collisions:
KE 1s conserved KE is not conserved

ﬁ%\/

oIL_f is always conserved
o foial eneryy s always conserved

In reality, collisions are generally somewhere in between perfectly elastic and perfectly
inelastic. It is actually impossible for a macroscopic collision to ever be perfectly elastic.
Perfectly elastic collisions can only g at the atomic or subatomic level.

Why? ° a change in shape = HEAT

s sound ' *work :‘5)
o other Vibrahons done




INELASTIC:

When two or more objects
collide and stick together.

Is momentum conserved?

E S
Is energy conserved?
23 \ E S

Is kinetic energy conserved?

KE, 7 KEy

A 9500 kg caboose is at rest on some tracks. An 11000 kg engine

moving east at 12.0 m/s collides with it and they stick together.
f,is the Veloc1ty of the ;ﬁ cars after the collision?

-

ve 7

/
MYV, vy =y +ma)V
(11006D)12)+(95D0)0) = (/0004—‘15ot>)v
v -@ 44 m/s)

ELASTIC:

When two or more objects
collide and bounce off each
other (do not stick).

Is momentum conserved?

Yes
Yes

Is kinetic energy conserved?

Ves = KE, = HKEp

Is energy conserved?

An alpha particle has a mass approximately 4 times larger than
a proton. A proton travelling to the right at 3200 m/s strikes a
statloﬁ);y alpha par’acﬁ and it rebounds at 1920 m/s. What is

37’00 Zpeed of thea alg a parhcle?;v

ot p+ ol

MmN +=Mava = My, ‘4 maVs’
m(3200) + 4mto) = m(-1920) + Yoz

S7200h = HYpv,' v,’= 1280 m/s

EXPLOSION:

Initial momentum is zero and
therefore the sum of
momentums after the
explosion must also equal

Zero.
Is momentum conserved? ves
Yes

Is kinetic energy conserved ?2NO

KE o < kEF

Is energy conserved?

A firecracker is placed in a pumpkin which explodes in into

exactly two pieces. The first piece has a mass of 2.2 kg and flies

due east at 26 m/s. The second chunk heads due west at 34 m/s.
was the 1mt1al

Blore e

HEo-

P,eo
0= (23)2b) + m{-3)) m,=1.68Kg

my = 1,68 +2.2 =l.3.q Iéé l

of the pumpkin?
26 mls




Conservation of Momentum Problems — Inelastic Collisions and Explosions

1. A 54 kg women dives straight down into the water. Just before she strikes the water,

her speed is 4.7 m/s. At a time of 2.1 s after she enters the water, her speed is 0.80 m/s.
a) What is the impulse given to the woman by the water? (+211 kgem/s)
b) What is the net force exerted on her by the water? (+100 N)

c) What is her acceleration while she is entering the water? (+1.86 m/s?)

a>Ap mAV b) ED=2F-t C) 2F= ma
=(sd)-0-3-(-47F)  2n=3F-2l J00= 510 .
=+l Rg-m/5 SFEAI00N T=+.86 m/s

2. A 0.06 kg tennis ball travels east at 15 m/s.

a) If a net force of 12 N is exerted on the ball for 0.030 s in the same direction, what is the
final velocity of the ball? (+21 m/s)

b) If a net force of 18 N is now exerted on the ball (travelling at the final velocity from

part a) in the opposite direction, how long should the impact last to stop the ball?

(0.070s) - -

a) mZV S F-t AV = 6.0m/s 6.0= V= =15 V==l m/s
(0.06)AN = 12.-0.030 | [E]

b) (0.06(o-2))=-18-t t= 0.070s

3. The graph below shows momentum versus time for a 5000 kg truck while it is

. ¥
accelerating uniformly. (k&f,m‘s )

260
a) What is the initial speed of the truck? (1.0 m/s) [

150040 -

b) What is the net force acting on the truck? (5000N) ;44pp

c) What is the acceleration of the truck? (1.0 m/s?) S060

i
H

) ,D mv L) A 27: f/ n 1.0 3,;>“m'{$},3,ﬂ L
5000= (5p000)V 15000 =2F-3.0 ) ZF=ma

Ve lLom/s SF= 5000 N 500D= 5000 &
o= lomfe*




4. Two objects collide, one of which was initially moving and the other initially at rest.

a) Isit possible for both particles to be at rest after the collision? Give an example in
which this happens, or explain why it cannot happen.

Not possible = one Pa/h'c/e had romentumn before

Fhe coll;sion sedhere must o an eiua/ amount
atfcr +he collision.

b) Isit possible for one particle to be at rest after the collision? Give an example in
which this happens, or explain why it cannot happen.
Vies > ift both haveFhe same mass, one will stop and the other
wWill conhnu€ on arF+he same velocity as +he inhal parhcte

before : atter:

O % fhey do rot “shck”
% v=0 A % Together

5. A 1.0 x 10° N truck moving at a velocity of 15 m/s north collides head on with a
1.0x10* N car moving at a velocity of 25 m/s south. If they stick together upon impact,
what is the velocity of the combined masses immediately after the collision? (+11.4 m/s)

be-réfev:-zgm/é affer: mV, # MyV, = (m/"‘MJ v’ )
O\L ,ﬁ;z,oooy msl.1x10%9 (1000 0)(i5) + (100 2)(-25)= (1000)V
V= ? / -+
: ve ] ‘/m/s
DTV,::I'SM[S
My 10000 4

6. A 3.2 kg cart moving at 1.2 m/s collides with a 1.8 kg wooden box at rest. After the
collision, the cart and the wooden box stick together.

a) Find the final speed immediately after the collision. (0.77 m/s)
b) Find the energy transformed from initial kinetic energy to other forms. (0.82 J)

&

/ rﬂe
before: ater: a) (3.2)1.2) +0 = (5.0)V Wé’;;
, — Ve ©.7Fmls N
gl % — !

b KE, = KE. + TE.
4320020 = H5.9(0.37)" + TE.

2.5= 148 +TE.
TE.=0.32J




7. A 5.0 kg block moving at 3.0 m/s to the right collides with a 10 kg block movmg at 2.0

- m/s to the left. After the collision, the two blocks stick together: - e
a) Find the speed of the combined blocks after the collision. (-0.33 m/s)
b) Find how much energy is transformed from the initial kinetic energy to other forms.

“1.77])
before: atter: a) (5,0)(3 O+ (toX=2.0)= (15)v’
: - ‘= —0.33m/s
@ b) J—(!;o)/z 0 4—%0)[20) “—(ISX-O%)*"
—30 v::i.o v=? Ha.5= 0.82 +TE
" /s m/s TE= 43 T

8. A 4.0 kg stone moving at 6.4 m/s overtakes and becomes embedded in a 2.8 kg lump
of clay moving in the same direction. After the collision, the combined object moves at

4.2 m/s.
a) Find the initial speed of the lump of clay. (1.06 m/s)

b) Find the kinetic energy lost in the collision. (23.5 J)
before: 1 atler: | a)(t} o)X6. ) +(a 5)‘{2 (6.8)(42)
@D weloemk
& o ; B
v B "’_:_‘_";2_;"‘5 b) L (1 N6H) + £L(2.9)0.00) (;_(e. B2
m/5
=235J
e ———

9. A 20 kg boy and his 40 kilogram sister are at rest on ice skates in the middle of a
frozen lake. The boy pushes the girl and the boy moves to the left at 2 m/s. What is the
velocity of the girl after the explosion? (+1.0 m/s)

before : Her O =(0(-2.0)* (‘/O)V;’

: A0 Vl/=+lp 0 m/é
(55 s
&-—
= -2.
m/s

v=0m/s




10. A 12.0 kg object splits into two parts. If part A has a mass of 5.0 kg and a velocity of
- 7.0 m/s right, what is thevelocity of part B? (-5.0 m/s)

H before . alfer; Gl Oy + (5.0(7.0)
\/'5 = —-5.0 m/s
y=0m/s =7 = 7.0mls

11. A 90 kg ore cart moving at 8.5 m/s collides with two carts of total mass 180 kg at rest
on a frictionless horizontal track as shown in the figure. The three carts stick together

and rise up the hill. If the hill has no friction, find the maximum height to which the
combined ore cars rise up the hill. (0.41 m)

before . ;—-i o
B “G“J \Q—c’\ fyied
qQ 1 911 ky 180 ke
Vi=g5 V=0 KED = PE#
m/S 2 _
Lla7o) (249 = (270)2.9)
L= 0.4/ m
9o(3.5) + 0= 270V’ ‘
V7=2.83 m/s

12. A 5.50 kg cannonball is fired from a 100 kg cannon. If the

velocity of the cannonball is 300 m/s, what is the recoil velocity
of the cannon? (-16.5 m/s)

66’6/@: \GHLI’ H
) :
V=0 m/5 v=?  V,'=300mls

0= 0oy, +(5)Boo) v,z = 16.5 m/s




Physics 12- Conservation of Momentum - Elastic Collisions

Last class we dealt with problems involving explosions and inelastic |
collisions. We saw that in an inelastic collision, some of the initial

kinetic energy of the system is transformed to other forms of energy

resulted in less final kinetic energy for the system. We also saw that

momentum is conserved in explosions and inelastic collisions.

Now, we are going to learn about elastic collisions. In an elastic

collision, the objects ‘bounce’ off each other. They do not ‘stick together’ as they do during

inelastic collisions.

In an elastic collision, both momentum AND kinetic energy are conserved.

There is a “spectrum” of collisions and explosions with the extremes being perfectly inelastic

and elastic collisions.

INELASTICmmmmmmmmmmma ELASTIC-nnmmmmmmmmmcce EXPLOSION
Po = Ps Po = Pt Po = Pt
KEO > KEf KEO = KEf KEO < KEf

Elastic Collisions:

Example 1: A 30.0 kg object moving to the right at a speed of 1.00 m/s collides with a 20.0 kg
object moving to the left at a velocity of 5.00 m/s. If the 20.0 kg object continues to move left
at a velocity of 1.25 m/s, what is the velocity of the 30.0 kg object? Assume a perfectly elastic

Zm;zl; my,+myl, =My, " m, Vz/
erofeE ¢
- (%) I'O)+(20X—5.o)=(3’o)v,’+(20)(—/.zS)
30.0 200 y
KY v,’= = .25 mls
o ) ? \e-135
¢ m/s




Example 2: When Kinetic Energy is conserved we can find the velocities of B{3TH of the
werfectly elaste head-on collision

Triviaiy ©

objects after the collision: Two identical pool balls make a p
on a frictiondess table. The speeds of the balls for the collision are 2.0 m/s and 3.0 m/s. What

are the speeds and direction of motion for the balls after the collision?

bcéfc alter: X-Sa/me mass. ,
f‘:v‘“?"i/ +}§*}%V = ,‘s X.j +‘z~’ i’\/}

O | @@

Vl'_j; é = V,/;? V, =
+30 22 > 3, 0+(—2 D) v, *f*Vz
mE - m/s 1.0 =V +Vy
m/s

= K.E and since we are only dealing with velocity, not, the

" -
lision, ks

Because in an elastic col
KE, AND the masses are the same, we can simplify the formula to just the {velocity’ port1on

of the equation.
— from above.:
KEo= KEg 2 2 V= 1.0-V,

2 /
%Vf "L%Vz& = %V,/ + %\’2
/2 12

(3.0)"+ (20 =

2. 2
|3 = (/O’V),) "’V,zl

/3 = VI/Z"LV;/Z —_— 2
13=(1.0-\, )(IO“\Q>4’V2,
[3=1,0 2\/} +vzzz+v
3= 1.0 =av,’ +)v,

reearron ‘76 for ?ma.draffc

Lformula ;
/12 / i
ar? +br+e=0 - 92\/2 —QVJ_ — [ =0
Lo hEVE e —( 2)* (a) 42)42)
a0 2@
/= 5,0£10.0 =

V3

4.0 or
+3.0m/5

~2.0mls



fmal velocity is found by substituting these Values into ""? —
ty YF .Ag AV( +V2,...f‘f v,n,"l'vg

ore , ~atter:.
/ /
@ @ @ @ Vi= 1.0 —V,
S ’ f 4r =|.0 *—(—‘ 2 (5)
~—+3O V 25=2.0 v,)==3.0 V¥, =+3.0 _
m/s /s M5 mls =+3.0m/s
or
=
@ @ V,/=1.0-32.0
ot = - 0m/s
of E S /
V=20 V,'=43.0
mis m/s
The ooty resulting valocities that make sense 15 for vi7 = -2.0 my/s and w2 = +3.0 /5. The other

option shows velocities in which the objects pass right through each other which is not

realistic.

The objects transferred their initial velocities to the other object. This is the case when the

masses are the same.

pa}
§
=)
J—
(¢°]
OJ
2
L ma)
=
"]
-t
[¢°]
=
-
j<¥]
[#2]
w
4]
[95]
\ &
jand
=
=]
‘3
e
E"
e
h
w
2]
o
£,
i
g‘“k
s
)
it
)
o)
i
hend
Py
£
e

/
Ve—3.0m/s V,':--l'é.omls

Derived from the conservation of momentum and conservation of kinetic energy:

1.0-2.0 -
v, [”21_”72]‘) v.:( 2m, ]"1 V N |].O+2.0 10 “"—"B’OM/S
m, +nt, my +n,
/ 9\(1 0>> = b.0 /
V, = ( 9,0 = *0.0M/[S5
|.0 +2.0

¥Use when one object
is stafonary Jo beginwith



Phys1cs 12 - Conservatlon of Momentum Ass1gnment Elastic Collisions

1. A 2.0 kg object travelhng at12 m/s to the right strikes a 2.0 kg ob]ect travelling to the left at
3 m/s. What are the velocities of the objects after the collision? (vi'=-3.0m/s, v2'= +12m/s)

beﬁpfc. " atter: same. maS.S/: ,
JT 00 ivr
& (12)+(-3) =v,! +\/
/ — / /
- /.er;/é v, = “'3m/._5 v, /_ 7 | V2= | CilO =V, 1‘—:/}
|V.’=9.0-v,
2 2
(A 2 2 . _ ) !
KE: Vlz+ Y, = V,, 4.\)), \osh“"'&c 153—(‘7,0-\/)> +\‘/32 .
W /
125 4(-3) =v ey, 2 S /53)7- 31 =19,V v
/ / _
/53"‘4’21"\’)2 AV, —18v,) =32 =0
7u\.admh’c: V2/= "L(-I‘D +J(-13)? ";L_{(«i)("?'a)
, ;(a>
v, = 19+ 30 = =3.0mls or 1/))
4.0
what males sense) -
@ @ |i-demk
/
-me/«sua m7s v, = +12 YY)/S
2. A 2.0 kg object travelling at 12 m/s to the right strikes a staticnary 4.8 kg object. What are
the velocities of the ob]ecﬁs after the collision? (vi'=-4.0m/s, v2'= +8.0 m/s)
6eﬁore mcfcr' A ( ™ "mzyv,
,'UD m, +m,
+/2 / V Omlé
S
e - z-/,o m/s +8 07%[5
\4’:(0’2'0—‘10>l; Vll..(oFZ{;D
2.0 +4.0 2.0+4.0

V,\'= —Y.om/s vV, = + 8.0 m/s



3. A 2.0 kg object travelling at 12 m/s to the right strikes a 2.0 kg object travelling to the left at
12 m/s. What are the velocities of the objects after the collision? (vi'=-12 m/s, v2'= +12 m/s)
ée-.(;m | o f4e momentum:.

/ /
2.0 ' Vi +\y =V, 4—\/,{
)éﬂ /2 +—[-la.) = \/,/-I-—l/}

I =/ /
V.:Hl \[2;:_-(2_ v, -—,l 2, +'2 O Vl 4—\/)
m|& m/5 m)s m/$

¥same mass , only result
SFhat makes sense 1s For +hem

+o rebound at- same specds in
pposite direchons

4. A pool ball moving with a speed of 2.5 m/s makes an elastic head-on collision with an
identical ball travelling in the opposite direction with a speed of 5.9 m/s. Find the velocities
of the balls after the collision. (vi'=-2.5 m/s, v2'=+5.9 m/s)

y
alter: | V,+V, =V, +V,
/
& @ e
3‘4 =y V7

_3—5: r’—svg

. +5’°2rn6
m/%
4 , ;2
Z = g
A 41.,1—’('3;4 \228+/i2-v' v
— / 4 . - . Sous® ) v e
FtH(as) =iy 112’ /2 i'z°l ;~O ’
/ — — SO —
Lllll’ - '/Z-/-V) ’ VZ_ 6'5\62

v, ==(= 6.8) £ (6.8 - {2 5)
2N

v,'=0.9% 6.8 |¢/=+59 o0 %= 25
"o )% m/5




5. A 0.25 kg puck moving at 5.0 m/s due east collides head-on with a 0.45 kg puck at rest. If
the collision is elastic, find the velocities of the pucks after the collision. (v1'=-1.43m/s, -

gejo 57 m/s)

V‘I-— 5.0 m/s
e

6. A 225 g ball moves with a velocity of 30.0 cm/s to the right. This ball collides with a 125 g
ball moving in the same direction at a velocity of 10.0 cm/s. After the collision, the velocity of
the 125 g ball is 24.0 cm/s to the right.

a) What is the velocity of the 225 g ball after the collision? (22.0 cm/s [right])

before ; after (.225)(30) +(.125)00) = 25V, (1231540)

v,/ = 22.0 emls [right]

V=390 v 0.9 |2 grahe

i

cmls c
b) Is this an elastic ot inelastic collision? Provide mathematical evidence for your answer.
(NOTE: Calculate the kinetic energy of the objects before and after collision. Re-read your

notes on inelastic and elastic collisions and determine the type of collision based on whether

the energies are the same or not.) KE KE )

< zzSXu) J-J‘( rzS')(zl-D> ( A 225)30 4“( 125)(.10)

0.00904S — 0.010F5 = — .7 X0 -3 T KE, # Kep
=inelashC

c) If kinetic energy is lost, what happened to it?

Hronsformed +o other A/ms = Fhermal, sound elz.



7. A 30.0 kg object moving to the right at a velocity of 1.00 m/s collides with a 20.0 kg object
moving to the left at a velocity of 5.00 m/s. If the 20.0 kg object continues to move left at'a
velocity of 1.25 m/s, what is the velocity of the 30.0 kg object? (-1.50 m/s)

Ae?@fc .

/oo

" /s

-=-5 o0

V2 /5

(30.0(1.09) +(20.9)(- 5.0)= (30)(v, ')+Cz:§( L.

. v’ = 1-50m/s

i'=

3 e-—
, ==).25

m/s

8. A 10.0 g object is moving with a velocity of 20.0 cm/s to the right when it collides with a

stationary 30.0 g object. After collision, the 10.0 g object is moving left at a velocity of 6.00

cmy/s.

a) What is the velocity of the 30.0 g ball after the collision?

belore .

o\o
@0

10 )
crf)/s

(. obCZO) +0 = (ol)~b.0) + ( .03)\&/

atier: :
\o .0 \{Z =+ 867’0"’1,15
W 9
S r 9
V!l: "L,OO v, =,
cm/.b

b) Is this an elastic or inelastic collision? Provide mathematical evidence for your answer.

:_(jao.ol’(_‘o)" ¥ i.o.o?-(g,(ﬁ)z> # ( }L'O‘O"(ldz_ + d)
KE,

inelasfic

+  UE,

¢) If kinetic energy is lost, what happened to it?

hanstormed o eother torms



Physics 12 — 2D Momentum — Explosions and Impulse

Conservation of Momentum and Work-Energy Theorem

Recall: W = AKE = KEf — KEo = (Y2 mivi? + Y2 m2v2?) — (Y2 muvi1'2 + %2 mav2'?)

Once again we are able to relate momentum to work and energy.

We can determine the work done on the block by the spring when the cord holding
everything together breaks apart.

O = (0.60(-15) + (1.A(v,) . '=+0.75 m/s

® Find AKE 1o Aind work done
W= AKE = KEp — KE, = (106009 +1(13075) ) - 0 =

Work done = .0l T

Explosions into three pieces:

Unlike past examples, all of the pieces will not explode into exactly opposite directions.
Therefore we now need to work in more than one dimension.

Before: After:
v
v=0m/s T ? Fran SIQ7L3 m;

® L,

my
@ Q— ™,

P Vi

V3




Now let’s assign some values to this explosion. A 10.0 kg object that is at rest breaks into
three pieces as shown. vi =12 m/s, v2= 6.5 m/s, m1 = 2.5 kg, mz=5.5 kg, ms=2.0 kg

What is the velocity of the 2.0 kg mass?

5 1, (5549) Zp. =2p

—
:_-\) m, Zpo = mVD
Ve (ag) =(IO)(0) , /
{9 = , 2 =0 Kg'rm/s
Mg O Kg'mls 2p 9

Since we are in 2 dimensions now, we need to break the problem into its X and Y

components:

X Component: Z / =0
Px/ / / Vv, = =15 m/s
O =m,\1,x + I'Yh_sz_ + ma\/&x , 3%
6 =5 D) + (5.5(0) + 2.0V,

Y Component:

Zpy =0 Va'y = = 17.9 m/s
y , y
0= (2.5)0)+(55)6:5) + (2-0)Vzy

Now we find the resultant for vse:

// R=\1z.a*+15> = 234 m/s
5 .
K / \7'-:/.5
/
- E _ ©
Vi Jan (1?‘17 4O Wof S
15 m/s
FINAL ANSWER:

234 mls @ 40" W of S



Impulse in Two Dimensions:

Remember that impulse is the change in momentum — the before and after. This is generally
due to a change in an object’s velocity.

A 2.5 kg model car moving at 6.0 m/s due east experiences a 16 N-s impulse southward.
What is the magnitude and direction of the final momentum of the car? = p ‘= :

v=6.0m[S This is in two dimensions — so we need X and Y:
e componem‘.s:
Ap=1bNs _ .
L p Voxs-i'é.()m/s APX"‘OM‘S
oy Ol BpyTTIeN'S

Conservation of momentum (x-component):
, ,
R, MV + Apy =(g,5)((9,o + 0 = 15 kg-m/s

Conservation of momentum (y-component):

Py/-’- mVoy"/‘!-\Py: (3'5XO)+(—/5) = — b ;9 m/s

Find ressgltant to determine final momentum:;:
— g -1 0
R=\lb™+ 15" “+an (%)3 17

= 1/.9 Kﬂ'm/s - Sof E

fi

FINAL ANSWER: P/= 2.9 Kj'm/s @ 47° Sof E



Explosion and Impulse Problems:

1. A 55kg cannon and a 7.5 kg cannonball are sitting at rest. When the gunpowder has
ignited, the cannonball is shot out of the cannon at a velocity of 45 m/s. What work
was done on the cannon and cannonball by the gunpowder? (8.6 x 10° J)

O =Y, + (7.5)X45)
ve-6.19 m/s

i e~ Ko 1
o __(_L 55'(—6'4) 4—-L 75(45)> 0
T = geX 03T = Work done

2. An 8.0 kg and 3.0 kg cart are held together and at rest. An internal spring is released
between the two carts and they are pushed in opposite directions. If the 3.0 kg cart is
traveling at 12 m/s after the spring is released, what is the work done on the carts by

biders

the spring? (297 J) O = (8,0){,' +(3 ,O)(ll)
Lefore alkr. V=45 mfs
Pergl | B8l G w-ake= 5 - KE,
v=0m/s ﬁ? 'f,;;?;,‘jmb —(_— .8.0-fus)* + L-3.0° (-'z) ~0
| = 91 g of work done

3. A 3200 kg dump car travels along the road at 12 m/s. Suddenly, a 230 kg chunk of coal
is dumped into the car. Find the final velocity of the truck. (+11.2 m/s)

i g =)
(3200)(D) +O = (3200+230)v
38400 = 3'—/30V
=+/.2 m/s




4. A 5.0kgblock at rest is dropped and breaks into three pieces as shown. What is the
velocity (speed and direction) of the 1.6 kg piece? (The block is at rest when it hits the
ground and breaks apart) (vs' =23.0 m/s @ 37° W of 5)

14 m/s ZP (@) l% mS
ke v, v, =-13.8
“; T é /Yo)*"‘(l 3)(/4)+(1 ‘a) 3 V3x /s
,Dy = QXM+ (o (6)vs, Voy=~13-4
TR m 16
Lot m/.s un”! 138 _ /'5
TS 37 ° W of &
lszmk

V3 = 23.0m/s@37° Wof S

5. A 4.8 kg model airplane flying at 7.0 m/s to the east explodes into two fragments as
shown in the diagram. The larger 3.0 kg fragment moves at 9.0 m/s south.

a) What were the initial momentum and
kinetic energy of the model airplane
before the explosion? (+33.6 kgem/s, 117. 6])

b) What are the velocity (speed and direction)
and the kinetic energy of the smaller 1.8kg
fragment? (24.0 m/s @ 39° N of E, 518 J)

c) What work was done on the model airplane by the explosion? (522 ]) 4'

@ =1. +(3.0)(
ZPO (‘i 8)( 30) =*33.6 l(j m/s &vi- 'j\gfx;l '(:/;9 0)

KE,= "{‘/‘3)(’7‘/‘»'//7'6‘7 :‘;‘@Mo—lﬂv\/ *(SO)(‘qO
d“‘y Vy = +15 mfs /8.7

© K - T R=J1€.9%1)5% =24. Ost@
(5K+}-3.9 )* I13.b= 50T | ST NoEE
of woll —

olone KE= L 1.9\a0) = 513 T



6. A 0.40 kg ball moving at 20 m/s due south strikes a rock and moves 15 m/s at 30° west
of south.

a. Find the magnitude and direction of the impulse (change in momentum).
(4.10 kgem/s @ 43° N of W)

b. If the ball is in contact with the rock for 0.06 s, what is the average force exerted
on the ball by the rock? (68 N @ 43° N of W)

Vo)(-‘:Om/S voy = =0 mZS

before:.
= () Vi=-5in30(i5) Vy =-c0$3005)
m/s = ~2.5mls =~ |3mls

Apy= m{vy —VYox) = (0H0(-2.5—0) = ~3.0 Kkg'm/
APpy= iy ~Voy) =(0.40)(~13-(~20) =+22Kg m/s
R Ja82i3.0 =410 kg-mis (A 43 NoF W,

oL AP=3F ¢ SF-68N@
H.l=3F" 0.0 43°NoF W

7. A 0.50 kg stone moving at 12 m/s due north makes contact with an electric pole for
0.04s, resulting in a final velocity of 8.0 m/s due west. What is the magnitude and
direction of the net force exerted on the stone by the electric pole? (180N @ 34° W of S)

Apy = 0.5‘0(9,0—@ = -1, 0 kg m/S
APy = @-SD(o-—/;) = —é:z/?l{g'm/,s

- R= \[6.02+4.0" =3.2 kg-m/s @)
/6] 6.0 34" Wt
/ 49\:2}'—’-(3

40 / Z2=3F0.0M 2F=< I1BON@

3w ofS



Physics 12 - 2D Momentum - Collisions

Last lesson, we began dealing with non-linear momentum through impulse and explosions.
Now, we are going to consider non-linear collisions.Collisions between objects are governed
by laws of momentum and energy. When a collision occurs in an isolated system, the total
momentum of the system of objects is conserved.

Elastic collisions are collisions in which both momentum and kinetic energy are conserved.
The total system kinetic energy before the collision equals the total system kinetic energy
after the collision.

If total kinetic energy is not conserved, then the collision is referred to as an inelastic
collision.

NON-LINEAR ELASTIC COLLISIONS:

In this type of collision, no external forces act on the system. Kinetic Energy is conserved.

Two objects initially travelling east and west as shown have a collision. The object on the left
is bounced ‘up’ at 60° with a velocity of 2 m/s. What is the final velocity of the object initially
travelling west?

Before: After: E m/s
] 3
kg R
- . £ kg
LA > 3 50°
& m/s 4 s f A
~ -

affer: V;q;=-CQS€>D(&rO) = ~1.0 M/S x
Vay = sinbp(2.0)= +173mfs “\/ B
ZPXSZPX/ (l.o)(e.o) -}-(2.0X——LI,O) = ().OX"LO>"’ (2.0)\/[3)(
VB;-: ~050m/s
' /
2P7=2Py/ o + o = (.oX123) *(Z,TDVBV
VB\// = ~=—0.365m,[§

R= \/(~o.%s>5; (-o.50)* 1.0m/s (A 60° Sof I

v,

(1




Method Two: (ano—Hwef’ WQ,V 10 SO)V&)

A40 kg ob]ect is moving east at an unknown ve10c1ty when it colhdes with a 6.1 kg
stationary object. After the collision, the 4.0 kg object is travelling with a velocity of 2.8 m/s
32° N of E and the 6.1 kg object is travelling at a velocity of 1.5 m/s 41° S of E. What was the
velocity of the 4.0 kg object before the collision?

Before collision:

® @

a7 ,=0m(s

Find p1” and p2": PI /2 mv’/: (4’Ora'8>;-_//'a Kj'm/‘S@SZONO)[E
B =y = ()15 * 915 kg 5@ 5 oF €

Resolve both into their vector components:

’Dlx/: cos32(11.2)=+7.50 ¥ m/5
P/y/ 51/133(// L) = +5. Q"l Vj m

' castl(ais)=+6 Al kgimls
/ = —Siht (q,l5) =~6.6D Mﬂ'”’/*s

1

i3

Find Xpx" and Zpy”

ZPx 95D+ 6.9l = /b ‘/Ky m/é
o/ 5. (~00) = 0.0k Ko mls
Find Tp: R = \}/Q,ql-.:(:o.oe,);= /6.4 /g'm/s

Zp=2p’ = my FmyVp = b e
(4o, + 0 = lo/




NON-LINEAR INELASTIC COLLISIONS:

In this type of collision there are external forces acting on the system. Kinetic energy is
converted into other forms such as sound, thermal etc.

A 2000 kg car is travelling at 20 m/s north and has a collision with a 10000 kg truck travelling
20 m/s east. After the collision the vehicles stick together. What is the speed and direction of

the car and truck after the collision?

BEFORE AFTER

E;nclnn ng- H N ls i
e g 07 |M+3,35
(D e l > mds

v #bFmls
= (10000)(20) =+200000 gl R=\lle32r333" =170
P:y =0 o _'[‘E m/'s
02a0 @1" No
Px=o € i

sz = (2000%20) oo O @ m/

2Px =1R00000 K9-mls X pr Z’P)\
.,’lo vooo = (10000 -»‘—200'0)\/,4
Vi —7"/‘9'7 m/.S

)’2 Z.py =2PY/ ,
Ho 60O = (/.20 003\/)/
vy /=13.33 m/s

V= 17.0mls@ II° N of E

Zi py =000 w5




A 4.0 kg object is travelling south at a velocity of 2.8 m/s when it collides with a 6.0 kg object . =

travelling east at a velocity of 3.0 m/s. If these two objects stick together upon collision, what
is the speed and direction of the combined masses?

Ae)éfe: ® - 014‘742/.‘
Ky
vy =28mfs
d V=2/2mls@32° S of E

Px= O | ZIP)(: +/%.Dl§9'm/5
Py = (4aX29)= 7112 gl Sipy=— 12 kg m/s
Pyu= (6.0)(3.0)= * 180 Kg: /5

P2y ® 0

xe B.0=(0.0)  '=*l30mls

Yo —-(l.a= (lo.o)vy/ v = -].12m/s

R= JI:82 #1125 = adam/s @ 32° S of E



2D Momentum — Collision Problems:

. P ,.“3* : A 0.25 kg puck (A) moving at 4.0 m/s to
' / 3.0 m/s the right undergoes a collision with a
/ 0.50 kg puck (B) at rest. As a result,
Qiﬂm;l/q \{(ﬂc’_ 3 puck A moves at 3.0 m/s at an angle of

63° north of east. What is the velocity

0.4 6 ko Ve (magnitude :flr}d direction) of puck B

S - after the collision? (1.88 m/s @45° S of E)
B

V.. = cosb3(3.0)= *+1.30 mls

Vay” = sinb3(3.0)= +2.6F mls

Y (029)4.0)+0 = (025} ARI() 50)va
vw/ = +/.32 m/s

J: o+o=(o 25)(2.62) H 0.5y,
V = —]. 4 m/s

R=\132" W, ]’/%m/é 45"5’5@

%11,39

2. Two objects move on a level frictionless surface. Object A moves east with a
momentum of 24 kg-m/s. Object B moves north with a momentum of 10 kg-m/s. They
collide and stick together. What is the magnitude of the combined momentum after
the collision? (26 kg-m/s)

Ae)é?fe: afder: ZPX =24 +0 =ﬁ4Kij
t Spy= 0+ 10 =+0KME

R = ,/QL}Z-HD = b 'm/6

P=
£y lf,m/.s TP=




- 3.. A 1500 kg car traveling at 50 m/s 30° N of E collides with a 1000 kg car traveling at.40
m/s 45° S of E. The two cars collide and stick together. What is the speed and direction
of the cars after the collision? (37.5 m/s @ 5.6° N of E)

bk - Vy = C0sYS(HO) =+83mls

: Fer L “Bx
. < “ g™ Vay :.,S;nqg[qdmﬂZSm/s
._‘.. Vax = w630(50)= +"/33M/$

Vay = s;n30(50) = +2 S.om/<

="

/
X: (00O (283) 7 /S 43.3) = 2S00V,

VX/: +37.3 m/é )
Y:( 1000)(~28.3)+ Jcor(25 .0) 250D Vy
\//..—; 4368 m/5

R=[37.37+ 368"
V' = 325 mls @ 5.6° Nof E

4. A 50.0 kg object is moving east at an unknown velocity when it collides with a
stationary 60.0 kg object. After the collision, the 50.0 kg object is travelling at a velocity

of 6.0m/s 50.0° N of E, and the 60.0 kg object traveling at a velocity of 6.3 m/s 38.0° S
of E. What was the velocity of the 50.0 kg object before the collision? (9.8 m/s [E])

before: Vs =cos50(6,0)= +3.8bml
vy, "=5in50 (6 0)= +4.60m/s

Ve
O\’ d )
5‘(4)9 60 V,x :CQSZY(L 3))*'"‘7-96’"/.5
Vlgo/s Vlly =-51n 39(6,2)=-3.%% w/s
m

Z,D; - (soY2.86)+ (coX496) = 491 Ilg-m/s
Sply = (s0)db0)+ (60X ~389)= =3B kgnls

=,/ - JIarA29* = 41l bgrls
Zp=2p" (5ot 0o=H4al v, = 9.8 mls [E]



5. A 15.0 kg object is moving east at a velocity of 7.0 m/s when it collides with a
. .stationary 10.0 kg object. After the collision, the 15.0 kg object is moving at a.velocity
of 4.2 m/s 20.0° S of E. What is the velocity of the 10.0 kg object after the collision?

(5 O6m/s@25°NofE

Ve cosad(#2) =335,

" V; /== fn2o(42) = -/, 44

@ &l m/s
Ve ?—om/s, Vs omls

Z’p =(/5)X(3.0) +O = 105 ky'mls
=0 /{g /s _ Aaue
105 =05)(3. 45) +(/°)\/2x sz =+4.5%8 m/s e

O (15‘)(—/4@7"(/0)\/; Vay” =2 dbm/s
v /= \’ A+ Y53+ = 5.06 m/g @ng N of E

6. A 0.36 kg lump of clay moving at 3.0 m/s:collides with a 0.52 kg ball and they stick
together as shown in the diagram. Find the speed and direction of the ball before the

collision. (56.13 m/s @ 12° S of W) VA ’60532(3 0)-_- -2 S_L/ "h/.S
Vyy = 5in32(3.0)= +1.57 m/s

X 0.2 + (v .5;)?)26:3: (036+0.52).0) Vo, = ~50Im/s
K (036159 + (0.52)\py = (0,3Q,+0.§QY0) Vg\,s ~1.1omls

> Vg, = 50" LI0* = 5.03mfs @, 12" sof W




7. A 22 kgball (A) moving with a speed of 5.0 m/s strikes a second ball (B) of the same
. .mass, 2.2 kg, initially at rest as shown in the diagram. As a result of the collision, ball.. ...
B moves at 2.5 m/s at 80° S of E. What is the speed and direction of ball A after the

collision? (4.34 m/s @ 10° N of E) VAX CoSQOfS' O\ =+ 3 mls
VH,\, =-%] h)O(g,O) - ’ 7 ,’Y\/S

VB;( sin Io(:c‘S) = +0.4YMm/s
) = —al. L/lom/5

»-"""'»:; "

5’5- Vﬁ\/ "-"CO.S/O(.Z/

@ 2)(43)ro = (a. ;z)vpx_» (2.2)0 H3
Vo =+4.27 mis
: (a a)(—-l 3 +0=@ a}vﬁy+(z 2

Vﬁy=4025 m s

VA/" J 423tr0. 95° L-/3"‘lm/5 @ 10° Nof F






