 R15		INTERPRET THE GRADIENT AT A POINT ON A CURVE AS THE INSTANTANEOUS RATE OF CHANGE; APPLY THE CONCEPTS OF AVERAGE AND INSTANTANEOUS RATE OF CHANGE (GRADIENTS OF CHORDS AND TANGENTS) IN NUMERICAL, ALGEBRAIC AND GRAPHICAL CONTEXTS (THIS DOES NOT INCLUDE CALCULUS) (higher tier)
DISTANCE-TIME AND VELOCITY-TIME

On a distance-time graph	 gradient =

For example, the velocity at t = 10 is given by the gradient of the curve at t = 10,s
10
t

i.e. the gradient of the tangent at t = 10










On a velocity-time graph	 gradient =


For example, the acceleration at t = 10 is given by the gradient of the curve at t = 10,v
10
t

i.e.  the gradient of the tangent at t = 10







EXAMPLE 1



This graph shows the distance a car travels in 100 seconds.
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(a)   Work out the gradient at t = 40
(b)   Explain what the gradient of this tangent tells you about the car.
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560 − 200 = 360




60 − 12 = 48





	


(a)   gradient =		First draw a tangent at t = 40



(b)   The velocity of the car was 7.5 m/s 	 


EXERCISE 1:



1. 	The table shows information about the distance from home, s, and the time taken, t, for a journey by car.

	Time (minutes)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Distance (metres)
	6
	12
	18
	22
	25
	27
	28
	27
	25
	21
	15



(a)   Plot the graph of distance against time.




















(b)   Explain how you can use the graph to work out the velocity when t = 4

(c)   Work out the velocity at t = 4 



2. 	A small ball bearing is projected upwards on an inclined plane. 
	After t seconds its distance, s cm, from the start point is recorded. 
	The graph gives information about the results0
120
5
10
15
20
25
80
60
40
20
100
Distance (cm)
Time (seconds)



















(a)   What is the value of t when the small ball bearing reaches its highest point?
(b)   What is the velocity at this point?
(c)   Use the graph to work out the velocity at t = 5


EXAMPLE 2


The graph shows the velocity of a car during the first minute of the journey.0
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(a)   State the value of t when the acceleration of the car is zero.
(b)   Estimate the acceleration when t = 20
(c)   Estimate the acceleration when t = 50
(a)        0
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When acceleration is zero, t = 40 seconds    	acceleration = 0  so tangent is horizontal
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33 − 17 = 16



30 − 10 = 20
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gradient = = 0.8 m/s2   	 Draw a tangent at t = 20 and then draw a triangle0
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(c) 60 − 40 = 20

36 − 31 = 5



Velocity 
 (v m/s)





Time (t seconds)


gradient = = –0.25 m/s2		 Remember the gradient is negative

NOTE:   If the velocity is in metres and the time is in seconds, then the acceleration will be m/s2

EXERCISE 2:


1. 	The graph shows how a car’s speed, in m/s, varies in the first 6 seconds after the car moves from rest.
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(a)   Draw the tangent at the point on the curve where t = 3 seconds.
(b)   Find the gradient of this tangent.
(c)   Interpret this value of the gradient.



2.  	Usain runs in a race. 
The graph shows his speed, in metres per second (m/s), during the first 10 seconds of the race.

[image: ]

(a)   Write down Usain’s speed at 2 seconds.

(b)   Write down Usain’s greatest speed.

(c)   Write down the time at which Usain’s speed was 7 m/s.

(d)   Work out the acceleration when the time was 5 seconds.


3. 	The graph shows information about the velocity, v m/s, of a parachutist t seconds after
leaving a plane.

[image: ]Time (t seconds)
Velocity 
 (v m/s)



(a)	Write down the time at which parachutist’s speed was 45 m/s. 

(b)	Work out an estimate for the acceleration of the parachutist at t = 6


4. 	Here is a speed-time graph for a car.

[image: ]Time (t seconds)


(a)	Write down the time at which car’s speed was 20 m/s. 

(b)	Work out an estimate for the acceleration of the car at t = 8







5. 	Karol runs in a race.
The graph shows her speed, in metres per second, t seconds after the start of the race.

[image: ]

(a)   Write down Karol’s speed at 3 seconds.

(b)   Write down Karol’s greatest speed.

(c)   Write down the time at which Karol’s speed was 6 m/s.

(d)   Work out the acceleration when  t = 9



ANSWERS
Exercise 1

1. 	(a)
Distance (metres)
0
2
4
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Time (minutes)
6
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10

















	(b)   Velocity at t = 4 seconds is found by finding the gradient of the tangent 
	        to the curve at t = 4.

	(c)   2.3 m/s

2. 	(a)   12 			(b)   0			(c)   7.1 m/s





Exercise 2
1. 	(a)   tangent drawn at t = 3
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(b)   8.6			(c)   This is the acceleration with a value of 8.6 m/s2

2. 	(a)   9 m/s			(b)   11.8 m/s			
(c)   1.4 seconds		(d)   0.42 m/s2

3. 	(a) 5.8 seconds
	(b) 4.3 m/s2

4.	(a)   9.2 seconds 		(b)   3.6 m/s2

5.	(a)   6.6 m/s			(b)   9.8 m/s
	(c)   2.6 seconds		(d)   −0.8 m/s2
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