[bookmark: _Toc478472977][bookmark: _Toc478933180]STRAND 1: MECHANCIS

Sub-strand 1.1: Translational motion 

Key Learning Outcome: Students are able to demonstrate understanding of the physical phenomena, concepts and principles relating to translational motion.

Lesson 1:
At the end of this lesson, students are able to:
	SLO #
	Specific Learning Outcomes
	Skill Score
	SLO Code

	2
	Calculate the magnitude of force on an object in a given situation
	2
	phy1.1.2.1

	Rev
	Use a vector diagram to determine the magnitude of an unknown force
	3
	Revision

	Rev
	Draw a vector diagram
	2
	Revision




Formulae:
F = ma

[image: ]
Key words: force, translational equilibrium, net force


Year 12 Revision Notes:
When an object is in translational equilibrium, the net force on it is zero:
[image: ]
The sum of all forces is equal to zero. This means all the forces acting on the object are added up and the resultant is zero. This allows the calculation of unknown forces using free body diagrams.














Here are two examples of forces acting on object shown below:

Example 1
[image: ]
[image: ]
Example 2
[image: FG06_11-02aEx]


Resolution of forces on an inclined plane

[image: https://qph.fs.quoracdn.net/main-qimg-1e095a892cea774cc9bbf38751a76228]


https://www.quora.com/






· Here “mg” is the force due to gravity which acts vertically downwards towards the centre of earth.
· There are two components of gravitational force you can see here namely mgcos and mgsin
· f is the force of friction which is acting opposite to the motion of block. Its value is f=mg sin (assuming a frictionless plane)
· N is the normal force or the reaction force of gravity (component).
 
To find the unknown force, we can use free body diagrams. 

A free-body diagram shows every force acting on an object. The steps are shown below:

· Isolate the object of interest
· Draw a simple representation of the object/body
· Choose a convenient coordinate system
· Draw the forces one by one using arrows pointing to the direction of forces
· Resolve the forces into components
· Apply Newton’s second law to each coordinate direction

Example:

The diagram shows a car of mass 980kg parked at the top of the hill that makes an angle of 5.0° with the horizontal. The value of gravity is 9.81 Nkg-1. 

a) On the diagram, draw and label all the forces acting on the car. Level 1

b) Calculate the size of the force that is preventing the car from accelerating down the hill. Level 3
Fg (component down the hill) = Ffriction Ff = Fg x sin 5.0°= 980 x 9.81 x sin 5.0 = 837.89 = 840 N.


c) Calculate the size of the reaction force of the road on the car. Level 3
Fg (component into the slope) = Ffriction FR = Fg x cos 5.0°= 980 x 9.81x cos 5.0 = 9600N
 
Activity 1:

Q1.  Two cranes are being used to lift a 5.0 tonne load. At the time shown in the diagram, the load is stationary and the cables attached are at right angles to each other. (Note: 1 tonne equals 1 000 kg.)

[image: ]


a. The tension forces applied by the cables can be combined to give a resultant tension force.
i. Draw a vector diagram to show the resultant tension force on the load. Level 1








ii. Calculate the size and direction of the resultant tension force on the load. Level 2
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

b. Calculate the tension force in each of the two cables, assuming they are both the same. Level 2
__________________________________________________________________________________________________________________________________________________

c. The tension forces are each changed by the same amount and the load accelerates vertically upwards at 0.10 m s–2.
i. Explain whether the resultant tension force will have been increased or decreased in order to accelerate the load upwards. 
__________________________________________________________________________________________________________________________________________________

ii. Calculate the size and state the direction of the unbalanced force acting on the load while it is accelerating. Level 2
__________________________________________________________________________________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

iii. State the direction of the unbalanced force acting on the load while it is accelerating. Level 1

_________________________________________________________________________

iii. Calculate the tension force in each cable at the instant the load starts accelerating. Level 3
________________________________________________________________________________________________________________________________________________________________________________________









Lesson 2:


At the end of this lesson, students are able to:


	#
	Specific Learning Outcomes
	Skill Level
	SLO Code

	6
	Define momentum
	1
	Phy1.1.1.3

	10
	State the relationship between momentum and velocity
	1
	Phy1.1.1.5

	11
	State the law of conservation of momentum
	1
	Phy1.1.1.6

	9
	Determine the speed of a moving object given its momentum and mass
	2
	Phy1.1.2.7

	12
	Show that objects with bigger mass will have larger momentum and vice versa
	2
	Phy1.1.2.6

	19
	Analyse the change in momentum during collisions
	3
	
Phy1.1.3.2

	14
	Describe qualitatively the collision of a moving object with a stationary object;
	
2
	
Phy1.1.2.8

	20
	Solve problems that apply the principle of conservation of momentum during collision of a moving object with a stationary object
	
3
	
Phy1.1.3.3


	
Formulae: 
p = mv      pt (before) = pt (after)	

m1 v1 before + m2 v2 before = m1 v1 after + m2 v2 after
Key words: Momentum, velocity, mass, law of conservation of momentum

Momentum

Momentum (pl. momenta) is the product of the mass and velocity of an object. It is a vector quantity, possessing a magnitude and a direction in three-dimensional space. If m is an object's mass and v is the velocity (also a vector), then the momentum is p = mv.

In SI units, it is measured in kilogram meters per second (kgms-1). Newton's second law of motion states that a body's rate of change in momentum is equal to the net force acting on it.
All objects have mass; so if an object is moving, then it has momentum - it has its mass in motion. The amount of momentum that an object has is dependent upon two variables: how much stuff is moving and how fast the stuff is moving.

[image: ]








Law of conservation of momentum

[image: FG09_01]For a collision of two objects: m1 v1 before + m2 v2 before = m1 v1 after + m2 v2 after

For an explosion of an object: m1 v1 before = m1 v1 after + m2 v2 after + m3 v3 after

Making judgments about the speed and direction of objects in a collision uses a law of physics called the conservation of momentum. In Year 12 Physics, the law of conservation of momentum is used to solve one-dimensional problems. In this level, the same law is used in two-dimensional situations.


The net (resultant) force acting on an object is the rate of change of its momentum:

If the net force is zero, the momentum does not change.

Two-dimensional collisions and explosions
The law of conservation of momentum applies to explosions, as well as to collisions. An explosion, in this context, is an event where a single object breaks into several fragments.
The law of conservation of momentum states that during a collision or explosion, providing there are no external forces acting, the sum of all the momentums before the collision or explosion is equal to the sum of all the momentums afterwards.
For a collision of two objects:
m1 v1 before + m2 v2 before = m1 v1 after + m2 v2 after

For an explosion that creates three fragments:
mv before = m1v1 after + m2v2 after + m3v3 after

When a collision or explosion is two-dimensional, the velocities are not parallel. So, the equations about the conservation of momentum must include directions to make them vector equations, and the additions must be vector additions.

Activity 2:

Q1. Define “momentum” with an example. Level 1
__________________________________________________________________________________________________________________________________________________

Q2. What is the relationship between momentum and velocity? Level 1
__________________________________________________________________________________________________________________________________________________

Q3. State the law of conservation of momentum. Level 1
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

Q4. The ‘Before’ diagram shows a 35 g white pool ball travelling at 2.1 ms-1  towards a stationary black ball of mass 40 g. After they collide, the ‘After’ diagram shows the white ball is travelling at right angles to its original path at a speed of 1.8 ms-1.       .

[image: ]
a. Calculate the total momentum of the two balls before they collide collision. Level 2
__________________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________

b. Explain how the value and direction of the total momentum after they collide are known. Level 3
_________________________________________________________________________
_________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

c. Write a vector equation for the total momentum of the two balls after the collision. Level 2
_________________________________________________________________________
_________________________________________________________________________



d. In the space provided, draw a vector triangle for the vector equation and use it to calculate the momentum of the black ball after the collision. Level3

__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

e. Calculate the speed of the black ball after the collision. Level 2
_________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________


Lesson 3
At the end of this lesson, students will be able to:


	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	26
	Define elastic collision
	1
	Phy1.1.1.7

	27
	Define inelastic collision
	1
	Phy1.1.1.8

	18
	Explain why momentum is conserved in collision in terms of Newton’s Third Law of motion
	
3
	
Phy1.1.3.1

	16
	Analyse the change in momentum during collisions
	3
	Phy1.1.3.2




Key words: collision, explosion, Newton’s Third Law of motion.

Newton’s third law of motion states that there is always an equal and opposite reaction to an action.
There are internal forces acting between objects within the system. As all pairs act between objects within the system, the internal forces always sum to zero:
[image: ]
Therefore, the net force acting on a system is the sum of the external forces acting on it.

Change in momentum when two objects collide
Momentum depends upon the variables mass and velocity. There is change in momentum when there is change in velocity.

Two moving objects, both possessing momentum by virtue of their mass and velocity, collide with one another. Within the system created by their collision, there is a total momentum (mv) that is equal to their combined mass and the vector sum of their velocity.
This is the case with any system: the total momentum is the sum of the various individual momentum products. In terms of a formula, this is expressed as m v =  m 1 v 1 + m 2 v 2 + m 3 v 3 +… and so on. The actual distribution of momentum within the system may change.
Imagine, though, the differences in a collision if the two objects colliding are super-bouncy balls compared to two lumps of clay. In the first case, the balls would bounce off each other. In the second, they would stick together and become, in essence, one object. Obviously, you need more ways to characterize collisions.

Elastic collisions occur when the colliding objects bounce off each other. This typically occurs when you have colliding objects which are very hard or bouncy. Officially, an elastic collision is one in which the sum of the kinetic energy of all the colliding objects before the event is equal to the sum of the kinetic energy of all the objects after the event. Put more simply, kinetic energy is conserved in an elastic collision.
There is no law of conservation of kinetic energy  IF kinetic energy is conserved in a collision, it is called an elastic collision, but there is no physical law that requires this.

Inelastic collisions occur when two objects collide and kinetic energy is not conserved. In this type of collision some of the initial kinetic energy is converted into other types of energy (heat, sound, etc.), which is why kinetic energy is NOT conserved in an inelastic collision.  In a perfectly inelastic collision, the two objects colliding stick together.
In reality, most collisions fall somewhere between the extremes of a completely elastic collision and a completely inelastic collision.


Here are some situations involving change in momentum:
1. An object colliding with a stationary object.
2. An object colliding with an immovable object.
3. An object colliding with an object moving in the opposite direction.
4. An object colliding with an object moving in the same direction.
N.B. There can only be a change of momentum when there is a change in velocity.


Activity 3

1. Analyse the change in momentum during collisions for the following situations:
a. A pool ball colliding with the object ball. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________

b. A tennis ball moving towards a wall. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________

c. A piece of clay moving towards another piece of clay moving in the opposite direction. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________



Q2. Explain why momentum is conserved in collision in terms of Newton’s Third Law of motion. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________

Lesson 4

At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	8
	Define impulse as the product of force and time
	1
	Phy1.1.1.4

	30
	Discuss the implications of high speed vehicular collisions and suggest practical measures for safety.
	
4
	
Phy1.1.4.2

	34
	Explain why air bags were introduced in vehicles in relation to impulse and momentum
	3
	Phy1.1.3.11




Formulae:
[image: ]
Key words: Change in momentum, Impulse, force, time, collisions, safety


Impulse, force, time

Whether it is realized or not, situations involving impulse and momentum are everywhere. Before we get into analyzing these everyday situations we will first go over the basic concepts of impulse and momentum. An impulse (FΔt) in physics is a force (F) acting over a specific period of time (t) resulting in the change in momentum (Δp) of an object. Equating impulse with the change in momentum is called the impulse-momentum theorem. The product of average force and the time it is exerted is called the impulse of force. 

From Newton's second law:
[image: http://hyperphysics.phy-astr.gsu.edu/hbase/imgmec/ipls.gif]

The impulse of force can be extracted and found to be equal to the change in momentum of an object provided the mass is constant.
[image: http://hyperphysics.phy-astr.gsu.edu/hbase/imgmec/ipls2.gif]
The process of minimizing an impact force can be approached from the definition of the impulse of force:
[image: http://hyperphysics.phy-astr.gsu.edu/hbase/imgmec/ipls3.gif]

If an impact stops a moving object, then the change in momentum is a fixed quantity, and extending the time of the collision will decrease the time average of the impact force by the same factor. This principle is applied in many common-sense situations:
· If you jump to the ground from any height, you bend your knees upon impact, extending the time of collision and lessening the impact force.
· A boxer moves away from a punch, extending the time of impact and lessening the force.
· Automobiles are made to collapse upon impact, extending the time of collision and lessening the impact force.


Implications of high speed vehicular collisions

[image: ]
[image: ]
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Some Impacts are:
- Injury 
- Accidents 
- Killing innocent people 
- Causing inconvenience to other motorists 
- Cost for repairing the vehicle 



Practical measures for safety
[image: ]
[image: ]

 Suggestion for Safety 
- Speed lock by the manufacture by the land transport authority 
- Hefty fines or imprisonment for over speeding 
- Seat belts and air bags 
- Legislation (low speed zones in busy areas)

Activity 4:

1 Define impulse. Level 1
_________________________________________________________
_________________________________________________________
_________________________________________________________


2. Discuss the possible consequences of vehicles moving at high speed and causing collisions. Level 4
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________


3. Explain how air bags enhance safety in relation to impulse and momentum. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________



Lesson 5

At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	8
	Define impulse as the product of force and time
	1
	phy1.1.1.4

	31
	Describe the inertia of an object (e.g. vehicle as its tendency to remain in uniform motion or at rest using Newton’s first law of motion
	
2
	
phy1.1.2.13

	32
	Explain why Newton’s First Law of Motion is not apparent in many practical situations;
	
3
	
phy1.1.3.9

	33
	Give reasons for the introduction of low speed zones in busy areas with respect to the concepts of impulse and momentum
	
3
	
phy1.1.3.10

	36
	Assess the effectiveness of some safety measures of motor vehicles and suggest ways to improve them
	4
	Phy1.1.4.3



Formula: 𝑝=𝑚𝑣	𝐹=𝑚𝑎
Key words: Newton’s First Law of Motion, inertia and momentum

Inertia

Inertia is the resistance of any physical object to any change in its state of motion. This includes changes to the object's speed, direction, or state of rest. 
Inertia is also defined as the tendency of objects to keep moving in a straight line at a constant velocity. The principle of inertia is one of the fundamental principles in classical physics that are still used to describe the motion of objects and how they are affected by the applied forces on them. 

The mass of a body determines the momentum, as mentioned earlier, but mass also can be referred to as inertia mass. The "inertia" of a body, can also be defined by the formula: 

F = ma, where, F is force, m is inertial mass, and a is acceleration.

Mass is the quantitative or numerical measure of a body’s inertia that is of its resistance to being accelerated. 

This meaning of a body's inertia therefore is of the measure of how difficult it is to change the velocity of a body.


Newton’s First Law of Motion (also known as the Law of Inertia)
Newton's First Law states that an object will remain at rest or in uniform motion in a straight line unless acted upon by an external force. It may be seen as a statement about inertia, that objects will remain in their state of motion unless a force acts to change the motion. (http://hyperphysics.phy-astr.gsu.edu)

Newton's first law, Inertia, is not apparent in various circumstances today in the real world because, usually there are many external forces that act upon objects in the real world and upon the earth's surface. Examples of this would be air resistance, gravity and friction. We experience friction, this is the resistance of a surface when encountered by or moving over another object. As a result of forces such as friction, energy can be lost, commonly through heat, therefore the force is not constant. The law of Inertia assumes that there is no loss in speed, however when forces like friction take part, the speed is becoming slower. According to the law, a car travelling on the road will keep going at the same speed even when you let go of the accelerator, however in a real world situation, the car would slow down and eventually come to a stop. This is due to air resistance pushing against the car, the gravity pushing the car down to the road and also the friction between the road and the tyres.	


Impulse and Momentum
Impulse shows effect of time interval that a force acts over. Impulse is a vector, acting in the same direction as the average force.

[image: ]
[image: ]
The impulse is equal to the change in momentum.


Momentum and speeding vehicles

Low speed zones are pivotal for the safety of road users in a built-up environment. A built-up environment is considered to be an area which consists of residential and non-residential buildings, this may include housing, schools or even shopping areas. These are areas that have many pedestrians and is subject to frequent stopping. Both of these factors become potential hazards for drivers using vehicles in this vicinity. The introduction of low speeds to areas such as these are put in action because it minimises the risk of major damage by decreasing the momentum of vehicles. 

Momentum, the quantitative measurement of the motion of a moving body is measured using the formula p=mv, Momentum = Mass x velocity, therefore if we decrease the accelerative power by reducing the speed there is less momentum which in turn also means less force which minimises major accidents. To stop and object in motion, we have to apply a force over a period of time, this is called Impulse. A change in momentum of the vehicle means that it has the ability to slow down which gives the driver more time to react or make a judgment in the case of a hazard. This is how it can relate to Impulse.

Activity 5:

1. Define the inertia of an object. Level 1
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________


2. Explain why Newton’s First Law of Motion is not apparent for a car traveling at a constant speed without the foot on the accelerator. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
________________________________________________________________________
________________________________________________________________________

3. Explain how the introduction of low speed zones in busy areas such as residential areas and schools, improve road safety, with respect to the concepts of impulse and momentum. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________

5. Based on your experience, have safety measures in cars or on roads been helpful in improving road safety? Suggest other ways of improving road safety, and relating these to impulse and momentum. Level 4
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________





Lesson 6

At the end of this lesson, students will be able to:

	SLO #
	Specific Learning Outcomes
	Skill Score
	SLO Code
	Achieved

	34
	Give reasons for the introduction of air bags in vehicles with respect to the concepts of impulse and momentum
	
3
	
phy1.1.3.11
	

	35
	List two safety features of a motor vehicle
	2
	Phy1.1.2.14
	

	36
	Assess the effectiveness of safety features of motor vehicles  and suggest ways of improving them
	
4
	
phy1.1.4.3
	




Key words:  air bags, impulse and momentum, safety


Safety features in a car
[image: ]

[image: ]

Safety features of a car:
· Engine block
In the event of impact, the engine block slides safely under the passenger safety cell.
· Front crumple zone
The front of the car is designed to crumpled, dissipating the energy of an impact and slowing the deceleration of the car.
· Antilock braking system (ABS)
Wheels are prevented from locking (which can cause skidding) controlled by an active computer system that rapidly pumps the brake.
· Steering wheel column
A collapsible section on the steering wheel column reduces the risk of driver injury by the steering wheel in a crash.
· Side-impact bars
Strong bars inside the door frames offer passengers some protection in the event of a side impact.
· Safety glass
Windshield glass is designed to fracture into rounded pieces instead of shattering.
· Air bags
Air bags are automatically inflated with compressed air within 1/100th of a second of an impact to cushion the passengers.
· Safety belts
Inertia-reel safety belts lock to keep wearers tightly pressed to their seats when a car decelerates rapidly.
· Passengers safety cell
This rigid cage prevents the roof from collapsing onto the passengers.
· Rear crumpled zone
The trunk of the car crumples to protect passengers from rear impact.

Vehicle safety laws require the installation of air-bags in all cars that are driven on the road. Air-bags are safety devices that are installed into a vehicles steering wheel, dashboard, door and/or roof, "consisting of a cushion designed to inflate rapidly in a fraction of a second to protect passengers from an impact in the event of a collision." The purpose of an air-bag, is to slow the passenger's forward movement motion as rapidly as possible (a fraction of a second). 

Observations suggest that the greater the time over which a collision occurs the smaller the force acting upon the object. In the case of an accident, according to Newton's first law the driver and passengers in a car would keep moving forward and receive fatal injuries. However, with the introduction of air bags, the impulse action causes the occupants of the vehicle to hit onto a cushion, which increases the time duration of the collision and decreases the force that has taken place (Force x time = Impulse, therefore, Force = Impulse / Time). Through this, according to recent research, together with the help of seat belts, there is a 75% more chance of survival in the case of an accident.

Crumple Zones are particular sections of the vehicle that are designed to crumple and deform in the event of a collision. The purpose of this is to absorb some of the energy from the impact and to prevent it from reaching the occupants of the vehicle. The paramount way of reducing the initial force of a crash, given the mass and speed is to slow down the deceleration process. Vehicles that do not have crumple zones (such as the 1959 Chevrolet shown in the clip) deform and crumple the whole car with such a force that the occupant feels the full impact. However, newer vehicles that have a crumple zone (such as the 2009 Chevrolet) because of regulations allow the car to take an impact and redistribute it so that the occupants only feel a minimised effect of the force. Crumple Zones create a buffer zone around the perimeter of the car, while a rigid and stronger metal protects the mainframe of the car and the engine bay. The purpose of this is so that the crumple zone can absorb the initial impact and therefore deduce the impact towards the rigid parts of the car. This means that the car can start decelerating as soon as the collision meets the crumple zone, which in turn enhances the length of the impact. As Force = Mass x Acceleration, a reduced acceleration would mean that there would be a reduced force. With this and the help of air-bags and seat belts many lives can be saved.


Activity 6:

1. Explain how air bags in vehicles improve safety during collision, in terms of impulse and momentum. Level 3
__________________________________________________________________________________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________


2. List three safety features of motor vehicles and their descriptions. Level 2
___________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

3. Based on your judgement, which safety measure is best for improving road safety, and why? Suggest other ways of improving this road safety measure, relating these to impulse and momentum. Level 4
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________






Lesson 7

At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code
	Achieved

	3
	Define centre of mass of a system
	1
	Phy1.1.1.2
	

	4
	Calculate the center of mass of a system
	2
	Phy1.1.2.2
	

	6
	Calculate the unknown parameters using the center of mass
	2
	Phy1.1.2.3
	



The centre of mass
The center of mass of a body or a system of particles is defined as a single point at which the whole mass of the body or system is imagined to be concentrated and all the applied forces acts at that point. (www.citycollegiate.com)
	

	



The coordinates of the centre of mass are
[image: ][image: ]
M is the total mass of the system 

There is a special point in a system or object, called the centre of mass, that The centre of mass moves as if all of the mass of the system is concentrated at that point. The system will move as if an external force were applied to a single particle of mass M located at the centre of mass.
 


Activity 7:

1. Define centre of mass of a system. Level 1
_________________________________________________________
_________________________________________________________


2. Calculate the center of mass of a system consisting of two balls A (1.5kg) and B (0.8kg) hung on 0.5m rod of negligible weight. Calculate the centre of mass (or center of gravity) (this is a case of two objects in a line) Level 1

_________________________________________________________
_________________________________________________________

3. Determine the center of mass for 3 objects on a flat board with the following masses and locations on the coordinate plane in meters: A: 2kg (0, 10), B: 3kg (10, 1) and C: 7kg (2,2). This is a case of three objects on a plane. Level 2

_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________







Lesson 8
At the end of this lesson, students will be able to:

	SLO
#
	Specific Learning Outcomes
	Skill Level
	SLO Code
	Achieved

	15
	Describe qualitatively the collision of a moving object with a stationary object
	2
	Phy1.1.2.9
	

	21
	Solve problems that apply the principle of conservation of momentum during collision of a moving object with a stationary object (two dimensions).
	3
	Phy1.1.3.4
	

	29
	Assess collisions in different situations to identify if a collision is elastic or inelastic
	4
	Phy1.1.4.1
	





The Collision Of A Moving Object With A Stationary Object
For a head-on collision with a stationary object of equal mass, the projectile will come to rest and the target will move off with equal velocity, like a head-on shot with the cue ball on a pool table. This may be generalized to say that for a head-on elastic collision of equal masses, the velocities will always exchange. 

[image: ] For a non-head-on elastic collision between equal masses, the angle between the velocities after the collision will always be 90 degrees. The spot on a pool table is placed so that a collision with a ball on the spot which sends it to a corner pocket will send the cue ball to the other corner pocket.

In a head-on elastic collision where the projectile is much more massive than the target, the velocity of the target particle after the collision will be about twice that of the projectile and the projectile velocity will be essentially unchanged. [image: ] For non-head-on collisions, the angle between projectile and target is always less than 90 degrees. This was important in the analysis of the original Rutherford scattering experiment.

In a head-on elastic collision between a small projectile and a much more massive target, the projectile will bounce back with essentially the same speed and the massive target will be given a very small velocity. One example is a ball bouncing back from the Earth when we throw it down. In the case of a non-head on elastic collision, the angle of the projectiles path after the collision will be more than 90 degrees away from the targets motion. 

[image: ]

Activity 8:

1. Describe qualitatively the collision of a moving object with a stationary object. Level 2
_________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

2. A 3 kg ball travelling at 6 ms⁻¹ collides with a stationary 6 kg ball. After the collision the 3 kg ball rebounds with a speed of 4 ms⁻¹.
[image: ]
(a) Calculate the momentum of the 3 kg ball before the collision. Level 3 
_________________________________________________________
_________________________________________________________
_________________________________________________________


(b) Calculate the total momentum of the two balls after the collision. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________


(c) Calculate the velocity of the 6 kg ball after collision. (Show working) Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________


3. Liliane wants to show her classmates how the concept of momentum can be used to solve some physics problems. She decides to use a train set. There are two identical carriages of mass 0.125 kg. They are both able to be filled with sand. Liliane arranges the carriages and fills up carriage A so that its mass is 0.500 kg. Liliane pushes carriage A so that it moves with a velocity of 0.515 m s-1. After it strikes carriage B, the two carriages stick together and move off. The train track can be assumed to be frictionless. 

 (a) Calculate the total momentum, before the collision, of the system of the two carriages A and B. Level 2
___________________________________________________________________
___________________________________________________________________

 (d) Calculate the velocity of the combined carriages after the collision and explain why conservation of momentum applies in this case. Level 3
___________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________


(e) Assess why the collision between the two carriages is inelastic or what happens if the collision is elastic and both carriages have the same mass. (Calculations are not required but can be used if necessary.) Level 4
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________




Lesson 9

At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	
15
	Describe qualitatively the collision of a moving object with an immovable object;
	
2
	
Phy1.1.2.9

	22
	Solve problems that apply the principle of conservation of momentum during collision of a moving object with an immovable object
	
3
	
Phy1.1.3.5

	9
	Calculate the impulse of an object
	2
	Phy1.1.2.5






Key words: collision, conservation of momentum, immovable object

The Collision Of A Moving Object With An Immovable Object;
A ball bouncing off a floor or wall with no decrease in the magnitude of its velocity is an elastic collision. This type of collision has these characteristics: 
– The kinetic energy does not decrease.
– No energy has been lost.

Activity 9:

1. Describe qualitatively the collision of a moving object with an immovable object. Level 2
__________________________________________________________________________________________________________________________________________________

2. A ship is involved in a minor collision with the wharf. The ship is extremely large having a mass of 1.02 x 108 kg. A collision with such a large object, even when it is moving very slowly, can cause considerable damage. 
[image: ]

The ship moves west towards the wharf at 1.75 km h-1. 

(a) Calculate the size and direction of the ship’s linear momentum. Level 2
____________________________________________________________________ 
____________________________________________________________________ 

The ship’s engines are put into reverse and they apply an average force of 1.23 x 106 N for 25.8 s. They are then switched off. Level 3

(b) Calculate the size and state the direction of the impulse acting on the ship. Level 3
____________________________________________________________________ 
____________________________________________________________________ 

(c) Deduce the size of the change of momentum of the ship. Level 3
____________________________________________________________________ 

(d) Show that the velocity of the ship after the engines have been switched off is 0.175 m s-1 towards the wharf (west). Level 3
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 


The ship collides with the wharf. It takes 2.34 seconds for the ship to come to a complete stop. 
(f) Calculate the size and direction of the average force that the wharf exerts on the ship to bring it to a stop. 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 


3. A 12 kg ball is moving at 2.5 ms-1 collides with a brick wall and rebounds at 1.75 ms-1.

a) Calculate the change in momentum of the ball. Level 3
_________________________________________________________
_________________________________________________________
_________________________________________________________

b) Calculate the impulse the ball applies to the wall. Level 2
_________________________________________________________
_________________________________________________________
_________________________________________________________

c) If the collision lasts 0.15 s, calculate the force the wall places on the ball. Level 2
_________________________________________________________
_________________________________________________________
_________________________________________________________



Lesson 10
At the end of this lesson, students are able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	16
	Describe qualitatively the collision of a moving object with an object moving in the opposite direction
	2
	Phy1.1.2.10

	23
	Solve problems that apply the principle of conservation of momentum during collision of a moving object with another object moving in the opposite direction
	
3
	
Phy1.1.3.6



Key words: momentum, collision

The Collision Of A Moving Object With An Object Moving In The Opposite direction.
Billiard balls

The game of pool provides an example of a collision in which one object, the cue ball, is moving, while the other—known as the object ball—is stationary. Due to the hardness of pool balls, and their tendency not to stick to one another, this is also an example of an almost perfectly elastic collision—one in which kinetic energy is conserved.
The colliding lumps of clay, on the other hand, are an excellent example of an inelastic collision, or one in which kinetic energy is not conserved. The total energy in a given system, such as that created by the two lumps of clay in collision, is conserved; however, kinetic energy may be transformed, for instance, into heat energy and/or sound energy as a result of collision. Whereas inelastic collisions involve soft, sticky objects, elastic collisions involve rigid, non-sticky objects.


Kinetic energy and momentum both involve components of velocity and mass: p (momentum) is equal to m v , and KE (kinetic energy) equals ½ mv2. Due to the elastic nature of pool-ball collisions, when the cue ball strikes the object ball, it transfers its velocity to the latter. Their masses are the same, and therefore the resulting momentum and kinetic energy of the object ball will be the same as that possessed by the cue ball prior to impact.
If the cue ball has transferred all of its velocity to the object ball, does that mean it has stopped moving? It does. Assuming that the interaction between the cue ball and the object ball constitutes a closed system, there is no other source from which the cue ball can acquire velocity, so its velocity must be zero.

It should be noted that this illustration treats pool-ball collisions as though they were 100% elastic, though in fact, a portion of kinetic energy in these collisions is transformed into heat and sound. Also, for a cue ball to transfer all of its velocity to the object ball, it must hit it straight-on. If the balls hit off-center, not only will the object ball move after impact, but the cue ball will continue to move—roughly at 90° to a line drawn through the centers of the two balls at the moment of impact.

Impulse: Breaking or Building the Impact

When a cue ball hits an object ball in pool, it is safe to assume that a powerful impact is desired. The same is true of a bat hitting a baseball. But what about situations in which a powerful impact is not desired—as for instance when cars are crashing? There is, in fact, a relationship between impulse, momentum change, transfer of kinetic energy, and the impact—desirable or undesirable—experienced as a result.

Impulse, again, is equal to momentum change—and also equal to force multiplied by time interval (or change in time). This means that the greater the force and the greater the amount of time over which it is applied, the greater the momentum change. Even more interesting is the fact that one can achieve the same momentum change with differing levels of force and time interval. In other words, a relatively low degree of force applied over a relatively long period of time would produce the same momentum change as a relatively high amount of force over a relatively short period of time.

The conservation of kinetic energy in a collision is, as noted earlier, a function of the relative elasticity of that collision. The question of whether KE is transferred has nothing to do with impulse. On the other hand, the question of how KE is transferred—or, even more specifically, the interval over which the transfer takes place—is very much related to impulse.

Kinetic energy, again, is equal to ½ mv2. If a moving car were to hit a stationary car head-on, it would transfer a quantity of kinetic energy to the stationary car equal to one-half its own mass multiplied by the square of its velocity. (This, of course, assumes that the collision is perfectly elastic, and that the mass of the cars is exactly equal.) A transfer of KE would also occur if two moving cars hit one another head-on, especially in a highly elastic collision. 

Assuming one car had considerably greater mass and velocity than the other, a high degree of kinetic energy would be transferred—which could have deadly consequences for the people in the car with less mass and velocity. Even with cars of equal mass, however, a high rate of acceleration can bring about a potentially lethal degree of force.

Two lumps of clay.

Consider the behavior of two lumps of clay, thrown at one another so that they collide head-on. Due to the properties of clay as a substance, the two lumps will tend to stick. Assuming the lumps are not of equal mass, they will continue traveling in the same direction as the lump with greater momentum.

As they meet, the two lumps form a larger mass, m, that is equal to the sum of their two individual masses. Once again, m v = m1 v1 + m2 v2 . The m in mv is the sum of the smaller values m, and the v is the vector sum of velocity. Whereas m is larger than m 1 or m 2 —the reason being that scalars are simply added like ordinary numbers— v is smaller than v1 or v2. This lower number for net velocity as compared to particle velocity will always occur when two objects are moving in opposite directions. (If the objects are moving in the same direction, v will have a value between that of v1 and v2).

To add the vector sum of the two lumps in collision, it is best to make a diagram showing the bodies moving toward one another, with arrows illustrating the direction of velocity. By convention, in such diagrams the velocity of an object moving to the right is rendered as a positive number, and that of an object moving to the left is shown with a negative number. It is therefore easier to interpret the results if the object with the larger momentum is shown moving to the right.

The value of v will move in the same direction as the lump with greater momentum. But since the two lumps are moving in opposite directions, the momentum of the smaller lump will cancel out a portion of the greater lump's momentum—much as a negative number, when added to a positive number of greater magnitude, cancels out part of the positive number's value. They will continue traveling in the direction of the lump with greater momentum, now with a combined mass equal to the arithmetic sum of their masses, but with a velocity much smaller than either had before impact.

Activity 10:

1. Describe qualitatively the collision of a moving object with an object moving in the opposite direction. Level 2
_________________________________________________________
_________________________________________________________
________________________________________________________


2. Two carts move towards each other as shown in the figure. They collide and join together.
[image: ]
(a) Calculate the total momentum before collision. Level 3 
_________________________________________________________
_________________________________________________________
________________________________________________________

(b) Calculate the velocity of the combined masses after collision. Level 3
__________________________________________________________________________________________________________________________________________________

(c) Calculate the total kinetic energy of the combined masses after collision. Level 3
__________________________________________________________________________________________________________________________________________________




Lesson 11
At the end of this lesson, students are able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	17
	Describe qualitatively the collision of a moving object with an object moving in the same direction.
	2 
	Phy1.1.2.11

	24
	Solve problems that apply the principle of conservation of momentum during collision of a moving object with another object moving in the same direction
	
3
	
phy1.1.3.7




Lesson Notes

The notes supplied in lessons 9 and 10 are to be used here as well. The facts and process of solving problems have to be adapted to suit the situation in which tow objects are moving in the same direction.

Activity 11

1. Describe qualitatively the collision of a moving object with an object moving in the same direction. Level 2
_________________________________________________________
_________________________________________________________
________________________________________________________



2. A 350 g toy train engine is moving at 12 ms-1 when it collides, and couples with a 200 g carriage moving at 5 ms-1 in the same direction. Calculate their combined speed. Level 3
_________________________________________________________
_________________________________________________________
________________________________________________________

3. A 400 g toy engine pulls four 150 g carriages. They move at 0.3 ms-1 when they run into and couple with two identical carriages moving at 0.15 ms-1 in the same direction. Calculate the speed of the combination. Level 3
_________________________________________________________
_________________________________________________________
________________________________________________________









[bookmark: _Toc478472978][bookmark: _Toc478933181]Substrand 1.2: Circular and Rotational Motion 

Key Learning Outcome: Students are able to demonstrate understanding of the physical phenomena, concepts and principles relating to circular and rotational motion.

Lesson1:
At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	3
	Identify uniform circular motion
	1
	Phy1.2.1.3

	4
	Identify that centripetal force is always perpendicular to velocity
	1
	Phy1.2.1.4

	5
	Identify the type of force supplying the centripetal force acting on a body in uniform circular motion
	
1
	
phy1.2.1.5



Key words: uniform circular motion, centripetal force

Year 12 Revision notes: Circular motion
Uniform circular motion is motion along a circular path in which there is no change in speed, only a change in direction.

To keep the object going around the circular path, a force is needed. This force is known as the centripetal force. When central force is removed, object continues in straight line.
In order to keep the earth going around the sun and the satellites going around the earth they need a centripetal force and it’s not magic! It is force of gravity.

[image: ]
Activity 1
1. Identify which situations illustrate uniform circular motion: Level 1

a. the moon orbiting the Earth


b. a piece of chewing gum on a car’s tire as the car slows down


c. a spot on the second-hand of a clock


d. a spot on the turbine of a jet plane taking off into the skies.

2. What is the relationship between the direction of centripetal force and velocity of an object in centripetal motion? Level 1



3. Identify the type of force supplying the centripetal force acting on a body in uniform circular motion for the following situations: Level 1

a. a car going around a bend

__________________________________________________

b. an electron orbiting a nucleus

__________________________________________________

c. the earth orbiting the sun.

__________________________________________________

d a stone attached to a string, moving in uniform circular motion

_______________________________________________


Lesson 2:

At the end of this lesson, students are able to:

	SLO #
	Specific Learning Outcomes
	Skill Level
	SLO Code
	Achieved

	18
	Explain the principle utilised by banked corners to allow vehicles to travel around corners safely.
	
3
	
Phy1.2.3.7
	

	23
	Calculate the banking angle for a given situation
	2
	Phy1.2.2.10
	

	21
	Resolve the forces acting in a banked curve
	2
	Phy1.2.2.8
	

	19
	[bookmark: _GoBack]Label the direction of Net force/ Gravitational force/Normal force/Frictional force on a banked curve.
	1
	Phy1.2.1.6
	

	24
	Calculate the maximum velocity for a banked curve in a frictionless case
	2
	Phy1.2.2.11
	



Lesson Notes
Formulae: 	  		[image: mgtan theta = mv^2/r]		[image: v = sqrt(rg sin theta)]		
Key words: uniform circular motion, force, banked corners, banking angle, frictionless, banked corner, velocity, acceleration and resultant force.

Banked corners
Friction force between the car’s tyres and the road produces the centripetal force needed for the car to go around the bend. In colder countries, cars have to go round smooth ice covered road bends (frictionless) without causing accidents by swerving off the road.
A Banked Turn - No Friction
What if there is absolutely no friction between a car's tires and the road - could the car still get around a curve? Well, yes, it could happen if the curve is banked, and the car had precisely the right speed. Here's how:
Conceptual:
	[image: car on level road]
	[image: car on banked road]
	[image: http://www.batesville.k12.in.us/physics/phynet/mechanics/circular%20motion/Images/banked_car3.gif]

	A Car on a Level Surface
All forces on the car are vertical, so no horizontal force can be generated.
	A Car on a Banked Turn
The normal force on the car due to the road is no longer vertical, so a component of the normal force acts in the horizontal direction.
	The Centripetal Force
The horizontal component of the normal force is shown in blue in the diagram above. This force can supply a centripetal force to turn the car.



If a car is on a level (unbanked) surface, the forces acting on the car are its weight, mg, pulling the car downward, and the normal force, N, due to the road, which pushes the car upward. Both of these forces act in the vertical direction and have no horizontal component. If there is no friction, there is no force that can supply the centripetal force required to make the car move in a circular path - there is no way that the car can turn.
On the other hand, if the car is on a banked turn, the normal force (which is always perpendicular to the road's surface) is no longer vertical. The normal force now has a horizontal component, and this component can act as the centripetal force on the car! The car will have to move with just the right speed so that it needs a centripetal force equal to this available force, but it could be done. Given just the right speed, a car could safely negotiate a banked curve even if the road is covered with perfectly smooth ice!
Mathematical:
[image: FBD for the car]A free-body diagram for the car on the banked curve is shown on the left. The banking angle between the road and the horizontal is [image: theta](theta). The normal force, N, has been resolved into horizontal and vertical components (the blue vectors).
In the vertical direction, there is no acceleration, and:
[image: Ncos theta = mg]
[image: n = mg/cos theta]so:

In the horizontal direction:
[image: Fnet = mg tan theta]
Since Fnet = Fcentripetal:
[image: mgtan theta = mv^2/r]
Solving for v gives:
[image: v = sqrt(rg sin theta)]

A car moving at velocity v will successfully round the curve!

Example 1:
A curve has a radius of 50 meters and a banking angle of 15o. What is the ideal, or critical, speed (the speed for which no friction is required between the car's tires and the surface) for a car on this curve?
[image: FBD for the car]Solution:
· radius of curve, r = 50 m
· banking angle, [image: theta] = 15o
· free-fall acceleration, g = 9.8 ms-2
· no friction speed, v = ?


From the free-body diagram for the car:
[image: Example 1 solution]
If the car has a speed of about 11 ms-1, it can negotiate the curve without any friction.
Example 2:
A turn of radius 100 m is being designed for a speed of 25 ms-1. At what angle should the turn be banked?
Solution:
[image: FBD for the car] 
· radius of turn, r = 100 m
· speed of car, v = 25 ms-1
· free-fall acceleration, g = 9.8 ms-2
· bank angle, [image: theta] = ?
From the free-body diagram for the car:
[image: Example 2 solution]
So, the banking angle should be about 33o. Whoops! That's a pretty extreme angle, even for a race track.
Activity 2
1. Explain the principle utilised by banked corners to allow vehicles to travel around corners. safely.  Level 3
__________________________________________________________________________________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

2. Calculate the banking angle following given situations:
a. A car travels around a curve (radius = 60.0 m) at a speed of 22.0 ms-1. At what angle must the curve be banked so that the car does not have to rely on friction to remain on the road? Level2
__________________________________________________________________________________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

b. Calculate the angle at which a frictionless curve must be banked if a car is to round it safely at a speed of 22 ms-1. The radius of the curve is 475 m. Level 2
__________________________________________________________________________________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

c. An airplane flying at a speed of 205 ms-1 makes a complete horizontal turn at a radius of 7.73 x 103 m. Calculate the banking angle? Level 2
__________________________________________________________________________________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________




Lesson 3:
At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	26
	Predict, with reasons, what will happen to a vehicle if it travels faster/ slower than speed required to safely go round a frictionless banked corner
	
4
	
phy1.2.4.1

	17
	Explain relationship between velocity, acceleration and resultant force of objects under the influence of 2 or more forces, e.g. banked corners
	
3
	
phy1.2.3.7



Keywords: frictionless banked corner, velocity, acceleration and resultant force of objects

Conceptual:
	[image: banked turn 1]
	[image: banked turn 2]

	v < videal
	v > videal


Suppose we consider a particular car going around a particular banked turn. The centripetal force needed to turn the car (mv2/r) depends on the speed of the car (since the mass of the car and the radius of the turn are fixed) - more speed requires more centripetal force, less speed requires less centripetal force. The centripetal force available to turn the car (the horizontal component of the normal force = [image: mg tan theta] if you follow the mathematics) is fixed (since the mass of the car and the bank angle are fixed).
So, it makes sense that we found one particular speed at which the centripetal force needed to turn the car equals the centripetal force supplied by the road. This is the "ideal" speed, videal, at which the car the car will negotiate the turn - even if it is covered with perfectly-smooth ice. Any other speed, v, will require a friction force between the car's tires and the pavement to keep the car from sliding up or down the embankment:
1. v > videal (right diagram): If the speed of the car, v, is greater than the ideal speed for the turn, videal, the horizontal component of the normal force will be less than the required centripetal force, and the car will "want to" slide up the incline, away from the centre of the turn. The friction force will oppose this motion and will act to pull the car down the incline, in the general direction of the centre of the turn.
2. v < videal (left diagram): If the speed of the car, v, is less than the ideal (no friction) speed for the turn, videal. In this case, the horizontal component of the normal force will be greater than the required centripetal force and the car will "want to" slide down the incline toward the centre of the turn. If there is a friction force present between the car's tires and the road it will oppose this relative motion and pull the car up the incline.

Mathematical:
 Case 1: v > videal:
[image: FBD for the car]A free-body diagram for the car is shown at left. Both the normal force, N (blue components) and the friction force, f (red components) have been resolved into horizontal and vertical components. Notice that there are now 3 vectors in the vertical direction (there were 2 vectors in the no-friction case), and:
[image: N cos theta = mg + f sin theta]
Using the approximation [image: f = mu N], where [image: http://www.batesville.k12.in.us/physics/phynet/mechanics/circular%20motion/Images/mu.gif] is the coefficient of friction, gives:
[image: n = mg/(cos theta - mu sin theta)]
If the coefficient of friction is zero, this reduces to the same normal force as we derived for no-friction, which is reassuring. If the coefficient of friction is not zero, notice that the normal force will be larger than it was in the no-friction case. Now, in the horizontal direction:

Activity 3

1. Predict, with reasons, what will happen to a vehicle if it travel
a. faster than speed required to safely go round a frictionless banked corner Level 4
__________________________________________________________________________________________________________________________________________________

b. slower than speed required to safely go round a frictionless banked corner Level 4
_________________________________________________________________________
_________________________________________________________________________

2. Explain relationship between velocity, acceleration and resultant force of objects under the influence of 2 or more forces for banked corners. Level 3
___________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________




Lesson 4:

At the end of this lesson, students will be able to :

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	8
	Analyse  the forces involved in uniform circular motion for a range of objects, including satellites orbiting the Earth
	
3
	
phy1.2.3.1

	12
	Calculate force on a satellite in circular orbit
	2
	phy1.2.2.4




Formulae: F = ma    Fc = mv2/ r	Fs = µs mg  	Tan θ = v2/gr	T cos θ = mg

                     ac = v2/r

Key words: uniform circular motion, circular orbit, gravitational constant, satellites

Circular motion

Uniform circular motion is the motion of an object moving at a constant speed in a circular path. The acceleration—centripetal acceleration—toward the centre of the circle can be explained using the definition of acceleration (rate of change of velocity) where the direction of the acceleration is the same as the direction of the change in velocity (see diagram). That is, since the net force is toward the centre, so is the acceleration.






Horizontal uniform circular motion
 The motion of an object moving at a constant speed in a horizontal circular path.
[image: ]
Examples of horizontal uniform circular motion
i) A 3-kg rock swings in a circle of radius 5 m. If its constant speed is 8 m/s, find its centripetal acceleration? 
m = 3 kg; r = 5 m; v = 8 m/s

ac = v2 / r
    = (8 m/s)2/ 5 m
    = 12.8 m/s2
F = ma = m x v2 / r
F = (3 kg)(12.8 m/s2)
Fc = 38.4 N
[image: ]
ii) A skater moves with 15 m/s in a circle of radius 30 m. The ice exerts a central force of 450 N. What is the mass of the skater?
1. Draw and label sketch. 
Fc = mv2/r
[image: ]450 = m x 152/ 30
450 x 30/152
m = 60.0 kg

iii) A car going around a flat turn, the centripetal force Fc is that of static friction Fs’. The car negotiates a turn of radius 70 m when the coefficient of static friction is 0.7. What is the maximum speed to avoid slipping?

The centripetal force Fc and the friction force Fs are not two different forces that are equal. There is just one force on the car. The nature of this central force is static friction.

Finding the maximum speed for negotiating a turn without slipping.
The car is on the verge of slipping when FC is equal to the maximum force of static friction fs.
[image: ]Fc= fs        	Fc = mv2/ r	fs = µs mg 
Fc= fs        
mv2/ r  =  µs mg
From which:
v = µs gr
v =(0.7)(9.8)(70)
v = 21.9 ms-1   Velocity v is maximum speed for no slipping.


iv)  A 2-kg mass swings in a horizontal circle at the end of a cord of length 10 m. What is the constant speed of the mass if the rope makes an angle of 30° with the vertical?
[image: ]
1. Sketch the diagram and label the given components.
2. Recall formula for pendulum.
Tan θ = v2/gr			v=?
3. To use this formula, we need to find r = ?
r = L sin 30° = (10 m)(0.5)  
 r = 5 m

Find v for θ = 30°
4. Use given info to find the velocity at 30°. 
r = 5 m; g = 9.8 ms-2
[image: ]Solve for v =?
Tan θ = v2/gr	
v2 = gr tan θ
v = 
v =  
v = 5.32 ms-1

Now find the tension T in the cord if m = 2 kg, θ = 30°, and L = 10 m.
ΣFy = 0:
T cos θ -mg = 0; 
T cos θ = mg

T = mg/ cos θ                   
   = (2 x 9.8)/ cos30°
T = 22.6 N


Vertical uniform circular motion 

[image: ][image: ]









Consider the forces on a ball attached to a string as it moves in a vertical loop.

The positive direction is always along acceleration, i.e., toward the centre of the circle. 
As an exercise, assume that a central force of Fc = 40 N is required to maintain circular motion of a ball and W = 10 N.

The tension T must adjust so that central resultant is 40 N. The tension T must adjust so that central resultant is
At top:
10 N + T = 40 N       T = 30 N
Bottom:
[image: ]T – 10 N = 40 N	T = 50N

Resultant force toward center Fc =mv2/r
Consider the TOP
Visual Aid:
Assume that the centripetal force required to maintain circular motion is 20 N. Further assume that the weight is 5 N.
F = mv2/r;	F = 20 N
Resultant central force FC at every point in path!
FC = 20 N
Weight vector W is downward at every point.
W = 5 N down.





Orbital Motion: Gravitation and Satellites

Law of Universal Gravitation
[image: ]For any two point masses in the universe there is a force of attraction acting on each mass along the line joining their centres. Each of these forces has the same magnitude and this magnitude is directly proportional to the product of their masses and inversely proportional to the square of their distance apart.

m1
F
F
m2






[image: ]
The forces obey Newton's Third Law.  

The forces do not "cancel" because they act on different objects. 
G is the Universal Constant of Gravitation   
G = 6.67 x 10-11 N m2 kg-2.


The Value of g at the Earth’s Surface
A person standing on the Earth’s surface has weight, F= mg
[image: ]Force on the person due to gravity,
	Where 	m = the mass of a person on the Earth’s surface,
 		ME= the mass of the Earth
		r = the radius of the Earth
		g = the acceleration felt by the 			person toward the Earth.







The gravitational attraction between two objects is weak, and so G is small. 

E.g. Calculate the gravitational force between two masses 1 kg and 10 kg a distance 1m apart. 
(Note:	The force is determined by both masses and their distance apart).
The size (magnitude) of the force is the same for both objects (direction is opposite).

[image: ]

	







Example: Find the gravitational attraction between the Earth and the Sun. 

Mass of the Sun =1.991 x 1030 kg
Mass of the Earth = 5.977 x 1024 kg
Radius of the Earth =1.496 x 1011 kg
[image: ]

Satellites in Circular Orbits
· Gravitational forces generally are weak. 
· If the masses are large enough, then the force is large.
· The gravitational force between the sun and a planet provides the centripetal force to keep the planet in orbit. 

Assume orbit is circular, the gravitational attraction provides the centripetal acceleration.
[image: ]
In order to measure the mass of the Sun, you simply need r3/T2 values for the planets. 

The radius of orbit and the period of revolution can both be measured with a telescope.
An expression for finding the speed of a satellite at radius r. There can only be one radius of orbit for a satellite for a given speed, where mp = mass of planet & ms = mass of sun
[image: ]
[image: ]



Some important data!
	
G = 6.67 x 10-11 Nm2kg-2
Distance from the Earth to the moon = 3.82 x 106 m
Distance from the Earth to the Sun = 1.50 x 106 m
                              Earth                       Moon                       Sun 
Mass                     5.98 x 1024 kg          7.35 x 1022 kg          1.98 x 1030 kg
Radius                   6.37 x 106 m            1.74 x 104 m             6.96 x 108 m



Activity 4

1. Analyse the forces involved in uniform circular motion for a range of objects: Level 3

   a. car going around a roundabout 		b. electron orbiting a nucleus
[image: ]                        
[image: ]		




[image: ]   c. satellite orbiting the Earth	         d. a mass swings in a horizontal circle at
                         end of a cord.
[image: ]







2. Calculate force for the following satellites in circular orbit:

a. Find the gravitational attraction between the Earth and the Sun. Level 2
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

b. What is the gravitational attraction between the Earth and the moon? Level 2
____________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________


c. The gravitational force between two objects that are 2.1x 10-1 m apart is 3 x 10-6 N. If the mass of one object is 5.5 x 10-1 kg, what is the mass of the other object? Level 2
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Q3. A ball of mass 0.235 kg attached to a cord, is swung in a vertical circle of radius 1.50 m.
a) When the ball is at position A, half way to the bottom of the circle:
[image: ]









Identify the force acting on the ball, and draw labelled vectors on the diagram, to show the direction and relative sizes of these forces. Level 3

_________________________________________________________________________

b) When the ball is at B, at the bottom of the circle:
Identify the force acting on the ball, and draw labelled arrows on the diagram, to show the directions of these forces. Level 3

_________________________________________________________________________






Lesson 5:

At the end of this lesson, students are able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	16
	Explain relationship between velocity, acceleration and resultant force of objects under the influence of 2 or more forces, e.g. conical pendulums
	
3
	
Phy1.2.3.5

	20
	Calculate the horizontal/vertical component of force in a conical pendulum
	2
	Phy1.2.2.7

	22
	Resolve the forces acting on a conical pendulum
	2
	Phy1.2.2.9




Formulae:			

Key words: velocity, acceleration and resultant force




Conical pendulum
[image: ]
Problems concerning the conical pendulum assume no air resistance and that the string has no mass and cannot be stretched.
Solution of problems involves resolving forces on the mass vertically and horizontally. In this way the speed of the mass, the tension in the string and the period of revolution can be ascertained.
[image: conical pendulum - theory part #01][image: ]


[image: conical pendulum diagram]




























[image: conical pendulum theory part #02]
















Example
A 20g mass moves as a conical pendulum with string length 8x and speed v. If the radius of the circular motion is 5x, 

 Find:
i) the string tension (assume g =10 ms-2)

[image: conical pendulum - problem #01i]
Resolving the horizontal and vertical components of the force in a moving conical pendulum

Consider a conical pendulum with an 82.4kg bob on a 12.8m wire making an angle θ of 6.70° with the vertical. Determine the horizontal and vertical components of the force exerted by the wire on the pendulum. Enter the horizontal component first and then the vertical component. Calculate the radial acceleration of the bob.

Let tension in the wire be T, mass be m, velocity be v, length of wire be L, radius be r and gravitational acceleration be g.

Resolve forces horizontally and vertically.
 
Vertical:  Tcos(θ) = mg  ...(1)
 
Horizontal:   Tsin(θ) = mv2/r    ...(2)
 
The radial acceleration is v2/r = Tsin(θ)/m = g*sin(θ)/cos(θ) = g*tan(θ) using (1) and (2)
 
Plug in the numbers!


Activity 5

1. Explain relationship between velocity, acceleration and resultant force of objects under the influence of 2 or more forces by relating to conical pendulums. Level 3
___________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

2. Complete the working for the situation above to resolve the horizontal and vertical components of the force and calculate the radial acceleration. Level 2








Lesson 6

At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	1
	Define the radian measure
	1
	phy1.2.1.1

	2
	Represent the measure of 1 radian in a diagram
	1
	phy1.2.1.2

	6
	Convert between radians and degree measures of angle
	2
	phy1.2.2.1




Formulae :		       	





Key words: radians and degree measure

The Degree and radian measure
In purely rotational motion, all points on the object move in circles around the axis of rotation (“O”). The radius of the circle is R. All points on a straight line drawn through the axis move through the same angle in the same time. The angle θ in radians is defined:
[image: ]		

Where l is the arc length.

[image: ]

Degrees to Radians Formula
The angle between two lines are represented by means of degrees and Radians. The total angle in a circle is 360 degrees or 2 radians. Degrees to Radians Formula is to be used to convert the angle which is represented in terms of degrees into radians. 

Degrees to Radians Formula is given as, 



Example
Convert 200° into radian measure:
Radians= 200° x / 180 = 3.49 rads


Radians to Degrees Formula is given as,





Example
Convert 1.4 radians into degree measure:
Radians= 1.4 rads x / 180 = 80.2°



Activity 6
1. Define the radian measure. Level 1

_________________________________________________________________________

2. Represent the measure of 1 radian in a diagram. Level 1
















3. Convert from degree measures of angle to radians for the following: Level 2
a. 180°					b. 90°
c. 30°					d. 60°







4. Convert from radians measures of angle to degree for the following: Level 2
a. 3.6 rads				b. 1.8 rads
c. 2.79 rads				d. 5 rads


Lesson 7:

At the end of this lesson, students are able to:
	SLO #
	Specific Learning Outcomes
	Skill Level
	SLO Code
	Achieved

	9
	Differentiate between concepts/quantities in translational motion and rotational motion
	2
	Phy1.2.2.3
	

	30
	Convert between linear and angular velocities for a point on a rotating object
	2
	Phy1.2.2.16
	





Formulae:					[image: ]


Key words: linear and angular velocities, rotating object, translational motion, rotational motion

Linear and angular velocities  
Every point on a rotating body has an angular velocity ω and a linear velocity v.
[image: ]	

[image: ]Objects farther from the axis of rotation will move faster.

[image: ]













Angular displacement:
[image: ]

The average angular velocity is defined as the total angular displacement divided by time:
[image: ]



The instantaneous angular velocity:

[image: ][image: ]
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Activity 7

1. Convert between linear and angular velocities for a point on a rotating object. Level 2
a) The edge of a saw blade is moving at 40 m/s. If the blade has a radius of 0.12 meters, what is the angular speed of the blade?
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________


b) A space station is rotating while in orbit around the earth. While it spins, astronaut ronnie is 20 meters from the axis of rotation while astronaut Charlie is 40 meters from the axis of rotation. Level 3

i. Who has the greater angular velocity?

_________________________________________________________________________


ii. Who has the greater linear velocity?

_________________________________________________________________________


c) A CD rotates 320 times in 2.4 s. What is its angular velocity in rad/s? What is the linear velocity of a point 5 cm from the center? Level 2

__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________


Lesson 8

At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	10
	Derive equations using the analogy between translational and rotational motion.
	
3
	
phy1.2.3.2

	11
	Solve problems involving rotational motion with constant angular acceleration and constant angular speed
	
3
	
phy1.2.3.3




Formulae: 

[image: ]









Keywords: translational motion, rotational motion, displacement, velocity, acceleration, constant angular acceleration, angular velocity, kinematic equations of motion,

Comparation of physical quantities in translational and rotational motion
The table shows the three main physics quantities used to describe motion: displacement, velocity and acceleration.

[image: ]

Angular acceleration
Angular acceleration of an object about any point is the rate of change of angular velocity about that point.






Below are the kinematic equations that are used to analyse motion when there is constant acceleration.
[image: ]
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Translational Motion
A rigid body performs a pure translational motion, if each particle the body undergoes the same displacement in the same direction in given interval of time.

Rotational Motion
A rigid body performs a pure rotational motion, if each particle of the body moves in a circle,
and the centre of all the circles lie on a straight line called the axes of rotation.

Rigid Body
If the relative distance between the particles of a system do not change on applying force, then it called a rigid body. General motion of a rigid body consists of both translational motion and the rotational motion.


Activity 8

1. Compare and contrast similar concepts/quantities in translational motion and in rotational motion by: Level 3

a) writing the equations relating the angular quantities to the linear quantities? What units must you be in?
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

b) comparing the kinetic equations for rotational to translational motion. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Convert 75°/hr into radians/sec. Level 2
__________________________________________________________________________________________________________________________________________________

5. A bicycle tire starts at rest. After 5 seconds, the edge is moving at a top speed of 2.4 radians per second. Level 3

i. What is the angular acceleration of the tire over this time?
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

ii. Through what angle did the tire rotate in this time (assume constant acceleration)?
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

Lesson 9:

At the end of this lesson, students are able to:
	SLO #
	Specific Learning Outcomes
	Skill Score
	SLO code
	Achieved

	15
	Describe the rotational inertia of a system in terms of the location and velocities of objects that make up the system.
	
2
	
phy1.2.2.6
	




Key words: rotational inertia, system

Inertia (Recap)

Newton's first law of motion states that "An object at rest stays at rest and an object in motion stays in motion with the same speed and in the same direction unless acted upon by an unbalanced force." Objects tend to "keep on doing what they're doing." In fact, it is the natural tendency of objects to resist changes in their state of motion. This tendency to resist changes in their state of motion is described as inertia.

Inertia: the resistance an object has to a change in its state of motion.
[image: ]
Formulae: 

[image: ]
Key words: rotational motion, constant angular acceleration, constant angular speed, mass, radius and internal structure

Rotational inertia of an object or system

Mass, radius and internal structure can be used to describe the rotational inertia of an object or system.

Moment of inertia is the property of an object by virtue of which it opposes any change in its state of rotation about an axis.


The moment of inertia of a body about a given axis is equal to the sum of the products of the masses of its constituent particles and the square of their respective distances from the axis of rotation.

[image: ]
Its unit is kg.m2 and its dimensional formula is [ML2].

The moment of inertia of a body depends upon
· position of the axis of rotation
· orientation of the axis of rotation
· shape and size of the body
· distribution of mass of the body about the axis of rotation.

The physical significance of the moment of inertia is same in rotational motion as the mass in linear motion.

[image: ][image: ]

[image: ]




[image: ]
Activity 9

1. Describe the rotational inertia of a system in terms of the location and velocities of objects that make up the system. Level 2
___________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________


2. Moment of inertia is the rotational analog of what linear quantity? Level 1
_________________________________________________________________________

3. What is the moment of inertia formula for an object of mass M if it is a: Level 1

a. thin ring of radius R
_________________________________________________________________________

b. solid cylinder of radius R
_________________________________________________________________________

c. uniform sphere of radius R
_________________________________________________________________________

d. long uniform rod of length L with an axis through the centre
_________________________________________________________________________

e. long uniform rod of length L around the end
_________________________________________________________________________


Relate how rotational inertia affects the motion of an object or system by answering the following questions:

4. Which of the above shapes (Q2) would be the easiest to start or stop rotating? Level 2

_________________________________________________________________________

5. Why is the thin ring the most difficult to rotate? Level 3

_________________________________________________________________________
 


Lesson 10

At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	28
	Calculate rotational inertia of a system
	2
	phy1.2.2.7

	32
	Explain how mass, radius and internal structure can be used to describe the rotational inertia of an object or system
	
3
	
phy1.2.3.8



Lesson Notes

Use lesson notes given in previous lessons.


Activity 10

1.  A 0.20 kg mass is connected to a 0.30 kg mass by a light connecting rod 0.20 m long. The rotational motion of an orbiting object is found from I = mr2.

a) Calculate the rotational inertia of the system when it is rotating about:

i. the centre of the rod.

_________________________________________________________________________

ii. the 0.20 m end of the rod.

________________________________________________________________________

2. Calculate rotational inertia of the following systems with the same mass of 5 kg and a radius (or length) of 2 m:

a) thin ring

__________________________________________________________________________________________________________________________________________________

b) solid cylinder

__________________________________________________________________________________________________________________________________________________

c) uniform sphere

__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

d) long uniform rod of length L with an axis through the centre

__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

e) long uniform rod of length L around the end

__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

3. Lucien spins a basketball on the end of his finger. The ball has a circumference of 29.5 inches and a mass of 1.0 kg. What is its moment of inertia in standard units? [The moment of inertia for a hollow sphere is 2/3 MR2.] [1 inch = 2.54 cm]

__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________




Lesson 11
At the end of this lesson, students are able to:


	#
	Specific Learning Outcomes
	Skill Score
	SLO Code
	Achieved

	34
	Explain the difference in the variables that translational inertia and rotational inertia depend on
	
3
	
phy1.2.3.10
	

	35
	Predict the impact of changing the axis of rotation of an object on its rotational inertia.
	
4
	
phy1.2.4.2
	




Key words: how rotational inertia, motion, translational inertia, rotational inertia, axis of rotation of an object


Translational and Rotational Inertia

Mass ⇒ a measure of resistance to a change in linear motion, e.g., how difficult it is to start or stop linear motion.
Moment of Inertia ⇒ a measure of resistance to a change in rotational motion, i.e., how difficult it is to start or stop rotational motion.

An object with larger rotational inertia may be more difficult (require more torque) to start moving, but once it starts moving it requires a larger torque (such as frictional torque) to stop.

Friction forces play a role in the motion of an object in translational motion in the same way that frictional torques affect rotation of an object or system. For example, when a wheel is rotating, friction forces exert torques on the wheel to cause it to eventually stop.

Rotational inertia also depends on the distribution of that mass relative to the axis of rotation. When a mass moves further from the axis of rotation it becomes increasingly more difficult to change the rotational velocity of the system.

Every particle on the body moves in a circle whose centre is on the axis of rotation. Each point rotates through the same angles over a fixed time period. 

Moment of inertia depends on the axis of rotation, unlike mass which is a fixed quantity independent of the orientation of the object. The same object rotating about two different axes has two different moment of inertia:

[image: ]




Activity 11

1. Explain the difference in the variables that translational inertia and rotational inertia depend on. Level 3
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________


2. Predict the impact of changing the axis of rotation of a rod, from its centre to its end, on its rotational inertia.  Level 4
___________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________









Lesson 12

At the end of this lesson, students are able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code
	Achieved

	13
	Describe the angular momentum of a system in terms of the location and velocities of objects that make up the system.
	
2
	
Phy1.2.2.5
	

	27
	Calculate angular momentum of a system
	2
	Phy1.2.2.13
	

	28
	Calculate rotational inertia of a system
	2
	Phy1.2.2.14
	



Formulae:
Key words: angular momentum, system, location, velocity, colliding bodies, rotational collision


Angular Momentum and Conservation of angular momentum
For straight-line motion, momentum is given by. Momentum is a vector, pointing in the same direction as the velocity. Angular momentum has the symbol L, and is given by the equation: 
Angular momentum is also a vector, pointing in the direction of the angular velocity. 
If the external torque acting on a system is zero, then its angular momentum remains
conserved.

If 
In the same way that linear momentum is always conserved when there is no net force acting, angular momentum is conserved when there is no net torque. If there is a net force, the momentum changes according to the impulse equation, and if there is a net torque the angular momentum changes according to a corresponding rotational impulse equation. 
Angular momentum is proportional to the moment of inertia, which depends on not just the mass of a spinning object, but also on how that mass is distributed relative to the axis of rotation. This leads to some interesting effects, in terms of the conservation of angular momentum. 
A good example is a spinning figure skater. Consider a figure skater who starts to spin with their arms extended. When the arms are pulled in close to the body, the skater spins faster because of conservation of angular momentum. Pulling the arms in close to the body lowers the moment of inertia of the skater, so the angular velocity must increase to keep the angular momentum constant. 
[image: ]
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Activity 12

1. Describe the angular momentum of a system in terms of the location and velocities of objects that make up the system: Level 2
(a) For a particle

_______________________________________________________________________________________________________________________________
(b) For a particle moving in a circle
_______________________________________________________________________________________________________________________________________________________________________________
(c) For a rigid body (about a fixed axis)
____________________________________________________________________________________________________________________________________________________________________

2. Neeta and her friends love riding on the merry-go-round in a nearby park. The merry-go-round is a large turntable that has a radius of 3.75 m and a rotational inertia of                  2.99 x 103 kg m2. Assume that frictional effects can be ignored. 

[image: ]

Neeta makes the merry-go-round rotate at a constant angular velocity of 2.50 rad s-1.


Calculate the angular momentum of the merry-go-round. Level 2

_________________________________________________________________________

_________________________________________________________________________

Angular momentum = ___________________ 


3. Consider a 10 kg uniform sphere of radius 0.15 meters rotating at 20 radians per second.

a. What is the moment of inertia of the sphere? Level 2

_________________________________________________________________________

b. What is the angular momentum of the sphere? Level 2

_________________________________________________________________________


Lesson 13

At the end of this lesson, students are able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	42
	Predict the behaviour of colliding bodies in a rotational collision situation by analysing angular impulse and change of angular momentum
	
4
	
phy1.2.4.4



Formulae:

Keywords: colliding bodies, rotational collision, angular impulse, change of angular momentum.


Angular impulse and change of angular momentum
Total effect of a torque applied on a rotating body in a given time is called angular impulse. Angular impulse is equal to total change in angular momentum of the system in given time.

Thus, angular impulse


The vector sum of all torques acting on a particle is equal to the time rate of change of the angular momentum of that particle.

Forces inside system  third law force pairs  sum of internal torque = 0  The only torque that can change the angular momentum of a system are the external torques acting on a system.

Activity 13

1. Predict the behaviour of colliding bodies in a rotational collision situation by analysing angular impulse and change of angular momentum. Level 4

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________



Lesson 14

At the end of this lesson, students will be able to:

	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	37
	Calculate the total energy of a rolling object using both translational and rotational energy
	

2
	
phy1.2.2.18



Key words: total energy, translational and rotational energy

Total energy

Rotational Kinetic energy
The kinetic energy of a rotating object is analogous to linear kinetic energy and can be expressed in terms of the moment of inertia and angular velocity. 

The kinetic energy of a rotating object is given by
 

By substituting the rotational quantities, we find that the rotational kinetic energy can be written:

An object that is both translational and rotational motion also has both translational and rotational kinetic energy.

When using conservation of energy, both rotational and translational kinetic energy must be taken into account.

The total kinetic energy of an extended object can be expressed as the sum of the translational kinetic energy of the centre of mass and the rotational kinetic energy about the centre of mass. For a given fixed axis of rotation, the rotational kinetic energy can be expressed in the form:


All these objects have the same potential energy at the top, but the time it takes them to get down the incline depends on how much rotational inertia they have.

[image: ]












Activity 14

1. Describe the total energy of a rolling object using both translational and rotational energy. Level 2 

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________



Lesson 15


	SLO #
	Specific Learning Outcomes 
	Skill Level
	SLO Code
	Achieved

	38
	Explain how torque works to change rotational kinetic energy of an object or system 
	3
	Phy1.2.3.11
	

	40
	Design an experiment to explore effects of external torques on rotational kinetic energy
	4
	Phy1.2.4.3
	





Formulae:  


Key words: torque, rotational kinetic energy

Rotational Kinetic Energy and Torque

[image: ]Force produces change in motion. However, force does not always produce a change in rotational motion. It is torque that produces a change in rotational motion. 

Consider a mass m attached to a massless rigid rod that rotates around an axis O. The force F shown will cause the mass to rotate. 
 
To make an object start rotating, a force is needed; the position and direction of the force matter as well. The perpendicular distance from the axis of rotation to the line along which the force acts is called the lever arm. Torque, also known as the moment of force, is the rotational analog of force. This word originates from the Latin word torquere meaning "to twist". In the same way that a force is necessary to change a particle or object's state of motion, a torque is necessary to change a particle or object's state of rotation.

Torque or moment of a force about the axis of rotation is the product of the force and the perpendicular distance from the axis of rotation to the line along which the force acts.



In rotational torque, 	
where I is moment of inertia and  is angular acceleration.
 

Activity 15
1. Explain how torque works to change rotational kinetic energy of an object or system.   Level 3
___________________________________________________________________________________________________________________________________________________________________________________________________________________________


2. Design an experiment to explore effects of external torques on rotational kinetic energy.
Level 4
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________







STRAND 1: MECHANICS 

Major Learning Outcome 1: Students are able to demonstrate understanding of the physical phenomena, concepts, principles and relationships involved in mechanics

Sub-strand 1.3: Simple Harmonic Motion (SHM)

Key Learning Outcome: Students are able to demonstrate understanding of the physical phenomena, concepts and principles relating to simple harmonic motion.

Lesson 1
	#
	Specific Learning Outcomes 
	Skill Level
	SLO Code
	Achieved

	16
	Describe oscillations in SHM in  terms of amplitude, period and frequency 
	2
	phy1.3.2.11
	

	11
	Calculate the time or frequency of a particle undergoing simple harmonic motion 
	2
	phy1.3.2.6
	

	12
	Identify positions of maximum displacement, velocity and acceleration in SHM 
	2
	phy1.3.2.12
	



Definition of simple harmonic motion (SHM)
SHM is a periodic motion. The same oscillation is repeated again and again. The following 
examples all involve SHM: a mass on the end of a spring, a pendulum, a needle in a sewing machine, a piston in a car engine, a guitar string, an electron in a wire carrying alternating current, a boat bobbing up and down in water and a kid swinging on a swing. However, not all oscillations are SHM.
An object exhibits SHM if the force F on it towards a point (the equilibrium position) is proportional to the distance y from the point:

[image: ]
[image: ]The force and the acceleration are said to be restoring because they are always directed towards the equilibrium position. As the acceleration is not constant, the usual equations of motion do not apply. An object exhibiting SHM oscillates back and forth along a line, as shown on the left. The amplitude A is the maximum distance it reaches from the equilibrium position.
The period T is the time for one oscillation (e.g. from y= A to y= –A, and back to y= A).

Activity 1
1. Define the following : Level 1

a) Frequency: __________________________________________________________________________________________________________________________________

b) Period: __________________________________________________________________________________________________________________________________

2. Rose was swinging on a swing as shown the diagram below. Somehow, the swing undergoes SHM and it takes 5 seconds from the equilibrium position to the maximum displacement of 0.3 m.
[image: ]

a)  What will be the amplitude of the swing? Level 1



b) Calculate the period of the swing. Level 2




c) Calculate the frequency of the swing. Level 2

d) Identify which part of the swing Rose experiences: Level 2

i) a maximum speed
_______________________________________________________
ii) a maximum acceleration
_______________________________________________________
iii) Zero displacement
_______________________________________________________

Lesson 2: 	Reference Circle
	#
	Specific Learning Outcomes 
	Skill Level
	SLO Code
	Achieved

	36
	Relate SHM to the reference circle to explain the time period or frequency of the motion
	3
	phy1.3.3.7
	

	37
	Relate SHM to circular motion to explain the displacement of the motion
	3
	phy1.3.3.8
	

	39
	Compare and contrast SHM with uniform circular motion and justify their use in practical applications.  
	4
	Phy1.3.4.2
	



Reference Circle
[image: ]Consider the point P as shown moving in a circle radius A about O with constant speed. Now consider the point Q as shown that moves up and down the vertical line between y = A and y = –A.
It moves so that it is always at the same height as P.
Q picks out just the vertical part of P’s motion.
We find that as P exhibits uniform circular motion, Q exhibits simple harmonic motion.
The vertical (or horizontal) component of uniform circular motion is SHM.

Because the motion of Q is complex (varying acceleration) while the motion of P is simple (constant speed), problems involving SHM are often changed to an equivalent problem involving a reference particle (P) moving on a reference circle.

Example
The tide rises and falls with a period of about 12 hours. At a certain place, the difference between high and low tides is 6.0 m. How long does it take the tide to fall 1.0 m from high tide? To solve this problem, we draw the SHM motion with the matching reference particle motion next to it. We want the time it takes the SHM particle to move from X to Y. This is the same as the time it takes the reference particle to move from X′ to Y′.

[image: ]


The reference particle has moved through an angle θ. We have:


In 12 hours the reference particle moves through 360°.
The time to move 48° from X′ to Y′ is therefore 


Circular Motion and Simple Harmonic Motion
SHM is closely connected to the motion of the object in a circle at a steady speed. One component of the circular motion moves exactly like SHM


Example:
 A person’s knee while cycling acts a bit like the piston in a piston engine that creates circular motion of the crankshaft. 
[image: ]

Source: (Bendall, 2013)
Activity 2
1. A sewing machine needle moves up and down in SHM. It performs 5.0 oscillations each second and moves along a line 12.0 mm long.
(a) What is the period of the motion? Level 1
________________________________________________________________________________________________________________________________________

(b)  What is the amplitude of the motion? Level 1
___________________________________________________________________

(c)  Find the time the needle would take to move from the midpoint of its path to a point 3.0 mm below the midpoint. Level 2
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
 d)  Explain how a sewing machine perform Simple Harmonic Motion related to circular motion. Level 3
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________. 
Lesson 3: Displacement during SHM
	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	1
	State the SHM equation for displacement. 
	1
	phy1.3.1.1

	8
	Calculate the displacement of a particle undergoing simple harmonic motion 
	2
	phy1.3.2.3

	24
	Interpret algebraic representations of SHM 
	3
	phy1.3.3.4


[image: Fig613]Displacement during SHM
The figure on the left shows the position of the mass moving with SHM (at point Q) and of point P moving on the reference circle (radius A) at a constant angular speed ω, at instant t seconds after timing started. In the figure:
 y=the displacement of mass m
from its equilibrium position 0.
 From the figure → y = A Sin    
Since angular displacement θ= (t), the displacement y at time t of an object moving with SHM is   
Note: 
1. Since the units of  are radians per second, angle  is calculated in radians.
2. Both  and A must have the same units of distance

Example
A pendulum swings with a period of 1.6 s with an amplitude of 0.14 m. 

1. Calculate the distance of the pendulum bob from the central position: [Y is the distance]
a) 0.35 s after the timing starts


b) 1.1 s after the timing starts

            
2.	Draw the graph of displacement against time.
[image: ]
Activity 3: 
The mass on the spring moves with SHM of amplitude 20cm and period 16s. Answer the following questions.
(a) What is the displacement y at time t of the mass? Level 1


(b) Draw the graph of displacement against time. Level 3
[image: D-TgraphofSHM]
(d) Find the displacement of mass 6.0s after timing is started. Level 2

(e) Find the displacement of a mass 11 s after timing is started. Level 2

2. Two children are on a set of swings, of length 2.5 m.
[image: ]
a)  Calculate the period of the swinging motion. Level 2
The child on swing A leads the child on swing B by a quarter of a cycle. 
Complete the displacement-time graph below by showing the motion of child B.
[image: ]
c) By using the graph in b or otherwise, find the time from when the child on swing B starts to when both children are aligned. Level 3





Lesson 4: Velocity during SHM
At the end of this lesson, students will be able to:
	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	2
	State the SHM equation for velocity 
	1
	phy1.3.1.2

	9
	Calculate the velocity of a particle undergoing simple harmonic motion 
	2
	phy1.3.2.4

	28
	Interpret graphical representations of SHM 
	3
	phy1.3.3.5



[image: VelocityforSHM]Velocity during SHM
The figure on the left shows how the velocity vm of the mass is related to the velocity vp of the point P, during SHM. Since P is moving in a circle (radius A) at a constant angular speed ω, vp is a tangent to radius OP and its magnitude vp is equal to (Aω    ).
The velocity of the mass vm is equal to the component of vp in the direction of SHM.
From the figure→ vm = vp×( COSθ      )  
While vp = ( Aω    ), θ = ( ωt    )    
∴ vm = (    Aωcosωt        )

Velocity against time graph
[image: velocityphasor]
Example: The pendulum in the previous example swings with a period of 1.6 s and the bob has amplitude 0.14m. Calculate the velocity of the pendulum bob:
a) 0.35 s after the timing

[V is velocity]
b) 1.1 s after the timing

           	
c) Draw a velocity time graph for the pendulum bob.

[image: ]

Activity 4
The Auckland Sky Tower
The top of the concrete part of the tower when it is complete will be 217m above the street level. In a high wind the tower sways back and forth in simple harmonic motion. In a particular wind the amplitude of oscillation at the top of the concrete part of the tower is    0.80m. The natural period of oscillation is 7.5s.
a) Calculate the angular frequency of the oscillations Level 1




b) Calculate the velocity of the tower at 1.2 s. Level 2


c) Show that the maximum velocity is 0.67 ms-1. Level 3







d) On the following axes sketch one cycle of a graph of velocity against time for the motion of the top of the tower. Assume that at t = 0 the tower is at its zero displacement position. Level 3
[image: ]




Lesson 5: Acceleration in SHM
	#
	Specific Learning Outcomes
	Skill Score
	SLO Code

	5
	State the SHM equation for acceleration
	1
	phy1.3.1.4

	10
	Calculate the acceleration of a particle undergoing simple harmonic motion 
	2
	phy1.3.2.5



 Acceleration in SHM
[image: Fig620]The figure on the left shows how the acceleration am of the mass is related to the acceleration ap of the point P, during SHM. Since P is moving in a circle (radius A) at a constant angular speed ω, the magnitude of the acceleration ap is equal to (     ).
The acceleration of the mass am is equal to the component of ap in the direction of SHM.
From the figure → am = - ap×(    sinθ   )  
While ap = (  aω2   ), θ= (  ωt   )   
 ∴ am = (    aω2 sinωt    )


Acceleration against time graph
[image: accelerationphasor]


Example:
The pendulum in the previous example swings with a period of 1.6 s and the bob has amplitude 0.14m. Calculate the acceleration of the pendulum bob:
a) 0.35 s after the timing

[a is acceleration]
b) 1.1 s after the timing

	
Activity 5
[image: ]The piston inside a car cylinder oscillates up and down in simple harmonic motion as shown, at 5400 cycles per minute. It travels up and down through a total distance of 24 cm each cycle.


a) What is the amplitude of the piston’s motion? Level 1





b) Calculate the motion’s angular frequency. Level 2





c) Calculate the acceleration of the piston 0.005 seconds after the timing. Level 2




Lesson 6: Examples of SHM
	SLO #
	Specific Learning Outcomes
	Skill Score
	SLO Code

	7
	Illustrate SHM with a variety of examples 
	2
	phy1.3.2.2

	15
	Calculate the force acting on the mass at different positions in a simple harmonic motion 
	2
	phy1.3.2.10

	18
	Use the equations of motion to solve problems in simple harmonic motion 
	3
	phy1.3.3.1

	33
	Determine the maximum speed of an oscillating system  
	2
	phy1.3.2.19

	38
	Solve quantitative problems involving SHM 
	3
	phy1.3.3.9



Simple Harmonic Motion of a Spring. 
Not all-periodic motion is a SHM. For e.g. a ball bouncing.
In SHM, the force is proportional to the displacement (Refer to the conditions of SHM). This is a restoring force, which always acts towards the equilibrium position.F
Displacement

[image: ][image: ]
  The mass moves under the effect of the tension force from the spring. 
 According to Hooke’s law F = -kx
  (Tension force = kx). Where x = displacement y,
 k = spring constant.   ( F = -ky)
	Restoring force
The force is proportional to the displacement. Hooke’s law: Tension force F = -ky

When a mass is accelerating ( fig 7.3) a = . 

To compare a = 


	
Therefore, the period of a mass on a spring can be calculated using this formula


Substitute; T =2 /, ( = 2 /T) 

	      
Note: Frequency of oscillation of mass on a spring 


· mass is larger , the longer period, the lowest the speed
· larger k, smaller the period, higher the speed
· period is independent of the amplitude of motion.
· 

[image: ]The formula  can be applied to the following
1. The length of the spring at equilibrium position will be longer but the
period is the same.

[image: ]
[image: ] 	b)
2 a)                                                                                                                       


Restoring forces from each spring add together, therefore spring constant are added together. 
K = K1 + K2
SIMPLE PENDULUM: 
a)	b)

		L
yAt equilibrium position

Moves in a distance y

Note: The pendulum can only be considered as an example of SHM if the angle  is small and the path is approximate a straight line.

FREE BODY DIAGRAM.

	Sin  = F/mg
Restoring force 	            Tension force	F		F = mg sin 
	FW = mg
	Weight force	
If  is small, sin  =  in radians. F = -mg
    = -mgy/L  ( = y/L) where y is arc of circle, L is the radius
	substitute in a = f/m = -mg y/L m
			               a = -g y/L

	w2 = g/L or w =         (Since a = -w2y, a = -gy/L)

Substitute T = 2 / = 	

The period of a pendulum length L can be calculated using the above formula.
Notes: Period is independent of amplitude and mass

Frequency f = 1/T, natural frequency of a pendulum is 	
[image: ]Activity 6
1. A 0.75 kg mass extends a spring by 22 cm with its weight.
a) Calculate the spring constant, k, for the spring. Level 2


b) 
The mass is pulled down to extend the spring by a further 12 cm. It is then released. Use  to calculate the time period of the motion. Level 2

c) What is the amplitude of the motion? Level 1


d) Use Hooke’s law to find the maximum spring force acting on the mass. Level 3

[image: ]
2. Rose hung a ball from a tree as shown. She lets the ball swinging like a pendulum. She measured the amplitude and period and found it to be 0.100m and 2.20 seconds respectively. The mass of the ball is 3.20 × 10-2 kg.

a) Show that the angular frequency of this pendulum was 2.86 rads-1. Level 2



b) Calculate the maximum speed of the ball. Level 3



c) 
Use the equation to find the length of the pendulum. Level 2



Lesson 7: Energy and SHM
	#
	Specific Learning Outcome
	Skill Score
	SLO Code

	19
	Analyse SHM in terms of potential and kinetic energy 
	3
	phy1.3.3.2



ENERGY AND SHM During a cycle in a simple pendulum or a mass oscillate on a spring, the energy changes between Potential energy and kinetic energy.           
EXAMPLES:      
Mass on a spring              
At all other points, the mass has both kinetic and potential energy.[image: ]	

Simple Pendulum



                           Max EP	                               Max EP
 	       Max EK

The total energy is the sum of the kinetic energy and potential energy at any instant.	
Total energy = EK + EP

	



Graph of Energy against Displacement 
[image: ]

	
	-



(Cox, 2013)
At any position Total energy = EK + EP. EP is a maximum at +A and – A, while EK has its largest value at the equilibrium position 0.

[image: ]The graph of Energy against Time for one period.
	









The graph above shows that both EK and Ep reach their maximum value twice in each cycle, while the total energy remains constant.
Example 
A 3.0 kg mass exhibits SHM of amplitude 0.20 m while hung on the end of a spring of force constant k= 500 N m–1.  Find its kinetic energy when it is 0.10 m from the equilibrium point.
[image: ]

Activity 7
Rose released the ball from position A at time t = 0 sec as shown in the diagram below. The mass of the ball is is 3.20 × 10-2 kg and the period of the ball is 2.20 seconds.



                                    	                               
 	
                                       A             B                C	       
	0.100 m
a) At which point, A, B, or C does the ball have a maximum kinetic energy? Level 3


b) By considering conservation of energy, calculate the gain in potential energy of the ball at position C, one of the points of maximum displacement. Level 3







Lesson 8: 	Damped SHM and resonance
	#
	Specific Learning Outcomes
	Skill Level
	SLO Code

	25
	Define underdamped oscillation
	1
	Phy1.3.1.6

	26
	Define overdamped oscillation
	1
	Phy1.3.1.7

	27
	Define critically damped oscillation
	1
	Phy1.3.1.8

	29
	Describe effects of damping on SHM
	2
	Phy1.3.2.16

	34
	Discuss the difference between overdamped and critically damped oscillations and justify their use in practical applications 
	4 
	Phy1.3.4.1

	31
	Describe effects of forced vibrations on SHM
	2
	Phy1.3.2.17

	32
	Describe effects of resonance on SHM
	2
	Phy1.3.2.18


	
In general, an oscillating mass will have a frictional force acting on it. With friction acting, the resultant force is unlikely to obey F = –ky. Thus, strictly speaking, with friction the motion is not SHM. In practice, the motion is called damped SHM. The friction robs the system of energy. If this energy is not replaced, then the amplitude of the oscillations will decrease with time.

[image: ]
When the damping exceeds a certain critical value, the displacement–time graph no longer has a sinusoidal shape bounded by an exponential decay envelope. Instead, the graph itself has an exponential shape. In this situation, no oscillations occur.

Example :

In a pendulum clock, damping would cause the oscillations to die away. To avoid this, energy could be supplied from potential energy stored in a spring. Winding the clock resupplies the spring with energy. Sometimes damping is useful. Without damping cars would oscillate forever once they were driven over a bump in the road. Good damping rapidly takes the energy from the oscillating system and reduces the amplitude of the oscillations.
Resonance
In forced SHM, a body is subject to a periodic external force. Examples include a window pane vibrating when music is played loudly, a building shaking during an earthquake, and a person being pushed on a swing.

However, if there is a sufficient energy, the oscillations can build up instead of dying away.
Resonance occurs when the natural oscillations are enhanced by some external force. 
This force has to be supplied so that it oscillates back and forth in time with the natural time period of motion.
In other words, resonance occurs when the driving frequency equals the natural frequency causing the amplitude of SHM to become very large. 
EXAMPLE
Resonance is useful in musical instruments where a string or an air column vibrates readily at a particular desired frequency, but does not vibrate easily at other frequencies close to the desired frequency. Resonance is unpleasant in loudspeakers. A loudspeaker should vibrate equally well for a range of frequencies, rather than favour a particular frequency. Thus, we find that good loudspeakers are heavily damped: this flattens the amplitude–frequency graph.

Resonance can be dangerous in buildings, bridges and other structures. These should be designed so that their resonant frequencies are not similar to the driving frequencies associated with earthquakes and gusts of wind. Some singers can shatter a crystal glass by sustaining a note of frequency equal to the resonant frequency of the glass.

Activity 8
1. Rose tried to get her ball to swing by shaking the branch it was attached to.
a) At first all that happened was the ball jerked around a bit on the end of the string. However, after a while Rose found she could get the ball to swing smoothly and strongly. Explain Rose’s experience.

b) Rose was able to keep her ball swing for as long as she wanted provided she kept the branch moving. However, as soon as she stopped moving the branch, the ball’s swing gradually died away and stopped. Explain why these things happened.

2. Explain why resonance can be dangerous to buildings and bridges.


3. Describe why damping can be useful in vehicles.


4. Define the terms ‘overdamped oscillation’ and ‘underdamped oscillation’.


5. Discuss the difference between overdamped and critically damped oscillations using examples from their use in practical applications

1
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