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Class: __________
Date: ________
2. Kinematics

Content

• Speed, velocity and acceleration

• Graphical analysis of motion

• Free-fall

• Effect of air resistance

Learning Outcomes:

Candidates should be able to:

(a)
state what is meant by speed and velocity

(b)
calculate average speed using distance travelled / time taken

(c)
state what is meant by uniform acceleration and calculate the value of an acceleration using change in velocity / time taken

(d)
interpret given examples of non-uniform acceleration

(e)
plot and interpret a distance-time graph and a speed-time graph

(f)
deduce from the shape of a distance-time graph when a body is:


(i) at rest


(ii) moving with uniform speed


(iii) moving with non-uniform speed

(g)
deduce from the shape of a speed-time graph when a body is:


(i) at rest


(ii) moving with uniform speed


(iii) moving with uniform acceleration


(iv) moving with non-uniform acceleration

(h)
calculate the area under a speed-time graph to determine the distance travelled for motion with uniform speed or uniform acceleration

(i)
state that the acceleration of free fall for a body near to the Earth is constant and is


approximately 10 m/s2

(j)
describe the motion of bodies with constant weight falling with or without air resistance,


including reference to terminal velocity
SPEED, VELOCITY AND ACCELERATION

In describing the motion, we describe

	∙ How far it moves

	Distance and Displacement

	∙ How fast it is moving

	Speed and velocity



	∙ How its speed is changing

	Acceleration 


Basic Definition

1
Distance is the tot__ length covered between t____ points. It is a sc____ quantity.

2
Displaced is the measurement of distance from one ref________ point to another in a cer______ direction. It is a vec______ quantity.

3
The SI unit of distance and displacement is ________ (    ).

A) 
Distance and Displacement
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Example 1


A person walks from A to B to C to D as shown In Fig. 1.

a)
The distance the man walks from ABCD is ________ m.

b)
The displacement of ABCD is _________ m.

Example 2


Devi walks from A to B to C as shown in Fig.2.

a)
The distance Devi walks from ABC is ________ m.

b)
The displacement of ABC is _________

Example 3


An athlete runs 2 laps as shown in Fig.3.

a)
Find the total distance the athlete run?

b)
Find the displacement of 2 laps?

B)
Speed and Velocity
1
Speed is the r_____ of change of d_______. It is a sc_____ quantity.


Speed is also the dist_____ moved in 1 s.

2
Velocity is the rate of change of d___________. Velocity is a vec_____ quantity. Speed is the mag_____ of velocity.

3
The SI unit of speed and velocity is __________ or m/s.
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For const_____ or unif____ speed, its value is given by: 
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 In symbol 
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5
Instantaneous speed read from the speedome___________

6
Average Speed = 
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[image: image5.wmf]time

 

Total

nt

Displaceme

 

Total


7
Initial Speed is the ___________ speed.
8
Final Speed is the ____________ speed.

9
If the speed of an object is z____, the object is not m_________ or at r____.

10
	Type of Motion
	Average Speed / ms-1

	Gliding motion of snail
	0.0005 

	Walking
	1.0

	Running
	5.0

	Cheetah (fasting animal)
	30 or 108 km/h

	Airbus 380
	280

	Bullet from rifle
	1500

	Earth revolving around Sun
	30, 000



Velocity



When a captain pilots his ship on the sea, both the speed and direction are important 

to the captain. Velocity means speed in a specified direction.
Note speed is a scalar quantity and velocity is a vector quantity. If the car is traveling at a 
constant speed in a straight line, it has a constant velocity. If the car turns a corner with its 
speed remaining unchanged but now the direction is opposite, we say the velocity 
changes to negative as the direction is opposite and assuming the original direction is 
positive. 

Example 4

A car takes 20 s to travel the first 80 m and then another 10 s to travel a further 70 m.
What is the average speed in m/s?

	A
	0.20
	B
	2.3
	C
	4.0
	D
	5.0
	(     )


Example 5

A car driver takes a total of two hours to make a journey of 75 km. She has a coffee break of half an our and spends a quarter of an hour stationary in a traffic jam.

At what average speed must she travel during the rest of the time if she wants to complete the journey in two hours? 

	A
	38
	B
	50
	C
	60
	D
	75
	(     )


Example 6
The distance between checkpoints Alpha and Beta is 100 km. An army truck travels between these 2 checkpoints at a constant speed of 50 kmh-1. The same army truck returns back at a constant speed of 75 kmh-1. Recruit Charlie when asked to find the average speed of the army truck for the entire journey replied with the following working;
Average speed = 
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 = 60 km/h 62.5 kmh-1.

State whether the answer is true or false. If the answer is false, find the correct average speed. The answer is _________.
















Solution : Average speed = 
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Example 7

The diagram shows the strobe photo of the motion of a ball under the stroboscopic lamp that has a frequency of 10 Hz. 

Calculate the acceleration of the ball in m/s2
	A
	2.0
	B
	4.0
	C
	5.0
	D
	6.0
	(     )


Acceleration

1
It is defined as the rate of change of velocity. The change of velocity means final velocity minus the initial velocity. The SI unit of acceleration is ms-2 or m/s2___. It is a vector____ quantity.

a = 
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2
For a positive uniform acceleration, the velocity increasing________ at a uniform rate.

3
For negative acceleration, the object slows____ down (sometimes the term used is deceleration or retardation).
Example: Deceleration of a car when the brakes are applied = 5 ms-2 or


Acceleration of a car when the brakes are applied = _- 5 m/s2______

4
If an object moves in a straight line, the positive and negative direction can be defined to simplify the calculation of the vector quantities.

Example1
An object is thrown up and the path of the flight is as shown. 









Another interpretation for negative sign is that the motion is opposite_____ to the positive direction assigned. We cannot say whether the object is slowing or moving faster.
Example 5
Explain what do you understand by an object has an acceleration of 10 m/s2.

It means that every second the _speed_______ changes by 10 in 1s. 

a = 10 m/s2 = 10 
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[Whether the speed increases by 10 m/s or decreases by 10 m/s; the direction of the gravitational force and the direction of motion will be the decider].
Example 6
A bicycle is moving forward at a speed of 3 m/s. It then takes 10 seconds to stop and reverse at 1 m/s. Taking the forward direction as positive, calculate the

(a)
change in speed 
(b)
change in velocity

(c)
acceleration of the bicycle during the 10 seconds when it stops and reverses.

Example 7

A toy car is traveling at a constant speed to the right. 3 Balls are projected upwards at a speed of 40 m/s from the toy car, one at a time and at 1-second intervals. Neglecting air resistance, which diagram shows the snapshot of the toy car and the balls after 4 seconds of launching of the first ball?
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CLASSWORK 1:
(a) Complete the table

	Time/s
	0.0
	1.0
	2.0
	3.0
	4.0

	Instantaneous speed /ms-1
	0
	10
	20
	
	


(b)(i) Plot the above data in Speed – time graph form



(iii) From the speed time graph, 



the acceleration is equal to the _______ of a __________ line graph.

Kinematic Graphs

Distance-time graph (s-t graph)

1
The graph is always a non-dec________. The value of distance traveled remains con_____ (object is st______) or inc______ (object is mov______).

2
The gr________ of the distance-time graph at any point is equivalent to the rate of change of distance (sp_____)

3

Speed-time graph (v-t graph)

1
The speed-time graph is always a non-neg__________. The value of the speed is either z______ (stationary object) or po________ (moving object).

2
The gradient of the speed-time graph at any point is equal to a__________.

3
The ar_____ under the speed-time graph is equal to the dis_______ traveled.

4









CLASSWORK 2
1
Two trains A and B travel between the same two stations on parallel tracks.


Fig. 1.1 shows the distance-time graphs of the two trains.







Train B starts its journey at t = 0 and train A starts its journey at t = 10 minutes.
(a)
Explain how the diagram shows that, when moving, train A has a greater speed than train B.
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(b)
Calculate the speed of the train B when it is moving. Give your answer in km/h.
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(c)
Another train C makes the same journey. It travels at the same speed as train A. Train C leaves 20 minutes later than train A.


On Fig. 1, draw the distance-time graph for train C.






   [2]
CLASSWORK 2

The graph shows the speed of two cars over a period of time.





From the graph, which statement is correct?
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s = __ x ____
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Velocity = 3.0 m/s





Velocity = - 3.0 m/s
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We usually assign the upward direction as positive


Therefore the acceleration during the upward motion is negative_________ and the downward motion is _negative_________





Downward motion





Upward motion
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Speed / ms-1





time / s1





(ii) Calculate the gradient of the line drawn.

















distance / m





time / s





constant gradient 


means constant


s_________





constant gentler gradient  means  a lo______  speed.





gradient = 0


speed = _____


Sta________ object.





Inc______ gradient means increasing speed





Decreasing  gradient means _____ speed





At the highest point, gradient = acceleration = ___ and


speed = ma_________ increasing a__________





Inc______ gradient means increasing a__________





Increasing neg______ gradient means increasing dece__________





Decreasing gradient means decreasing acc_______





time / s





speed / ms-1





gradient = 0


acceleration = constant s_____.





Decreasing neg______ gradient means decreasing de_________





zero gentler gradient  means the object is sta_______





constant negative gradient means constant dec_______





constant gentler gradient  means  a lo______  acceleration





constant gradient 


means constant


a_________
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