17 Using Graphs

17.1 Transformations of Graphs

1.  The graph below illustrates the functign= f (x) by a dashed line.
Write down the equation of each of the other functions.

-4 -3 Ao 1 o 1 2 3 4
,/
7’ N

On separate diagrams show:

@ y=9g(x), y=g(x)+1 and y=g(x) -1

(b) y=g(x) andy=2g(x)

() y=g9g(x) and y=g(2x)

(d) y=g(x) andy=g(x-1)
=9(x)

() y=g(x) and y=g(x+1) +1
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On the same set of axes, sketch

y=X, y=x+1, y=x-1 and y=x-2.

Draw the graphs of:

y = %3, y=(x+l)3 and y=(x—2)3.

The graph below showy = f(x).

On separate axes, sketch:
(@ y=f(x) andy=-f(x)

(¢ y=f(x) and y:Zf%xg

(b)

The functiony = f (x) is sketched below.

y=f(x) and y = f(2x)

y
A
2
-5 —|4 -3 g2t 10 2 3 4 5
On similar diagrams, sketch
- _ ~¢ X0
@ y=f(x-1 (b) y_ZfDED
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7.  The graph ofy = f(x) has been drawn on the grid.

On a copy of the diagram above, sketch the graply of f (x - 2)

(LON)
8. On the grid below, the graph of = f(x) for -4 < x <4 is drawn.
y
A
2
1
> X
—14 =2 0 2 4
(@ On acopy of the grid, sketch the graphyf 2f (x).
(b)  On another copy of the grid, sketch the graphycf f (x - 1).
(MEG)
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9.  The functiony = f(x) is illustrated below.

(@ On a copy of the axes, sketch:
M) y=2f(x) (i) y="f(x-1)

(b)  Which one of these sketches is of the foynx f(x) + a, whereais a
constant? What is the valueait

y
A A
2
14
> X
3 2 11 o 1 o 3
-1+
2
y
B A
2]
/\
-3 —/—1 0 1\2 5 o
— 1+
2
y
I A
21
-3 | -2 41 o0 \i/z 5 X
-1+
2
(SEG)
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10. This is a sketch of the graph gf= f(x), where
f(x) = (x+3)(x - 2)(x - 4).

y
A

(@) Calculate the value off (0).

(b)  On a copy of the axes above, sketch the grapi off (- x).

(c) Describe fully the single geometric transformation which maps the graph
y = f(x) onto the graph ofy = f(-x).

The equation f (x) = f(-x) has a solutionx = 0. It also has a positive solution,
X, such thatn < x <n +1, wherenis a positive integer.

(d)  Write down the value of.
(LON)

11. The functiony = f(x) is illustrated.

y
A

Sketch the graphs of the functions below. Label each graph clearly.
_ ¢ [XO _
@ y=T5q (b) y="f(x-1
(SEG)
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12. Thisis the graph ofy = cosx for 0° < x < 360°.

y A
2
1
0 P> X
90 180 270 360
-1

Write the equation of each of the transformed graphs. In each case the graph
y = cosx is shown dotted to help you.

@ Ya
2

(b) Ya

(C) y A

(d) Ya

(AQA)
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13. The graph ofy = f (x) is shown on the grid.

Y

P N Wb 00O

|
(&)
IS
|
w
|
N
|
| =

w N 0O

|
N

On copies of the grid, sketch the graphs of :

(@ y=f(x)+2 (b) y=-1(x
(Edexcel)

14. A(1, 1) and B (- 2, 4) are two points on the graplyef x* .

Ya
y=x*
14
\ b /
\ o /
\ /
B(-2,4)
\ /A(;,l) %
-2 | O 2 X
_2

Here are three transformations of the grapk x*> .  On each diagram the graph
of y= x? is shown dotted. The images, A' and B', of A and Bare shown.

Write down the equation of the transformed graph in each case.

(a) Ya (b) Ya (© Ya
\ 14 / \ 14 / .:‘": 14
12 \ 12 / \ 2
\ 10 / 1A 10 | ; \ 10
ceig s N\
\ 6 / ." 6 ‘\‘ \ 6 /
! Alfl, 5) \ . / B 5—1,4 ,
kNP RNV SN A ey
2 o 2 X -2 | O 2 X ~2 | © 2 X
-2 -2 -2

(AQA)
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Area under Graphs

1. The graph ofy = 4x(3 - x) between0 < x < 3 is shown below.

y
A

104

AN U U

Use the two triangles and rectangle shown to estimate the area between the cu

irve

and thex-axis. Is your answer an overestimate or underestimate of the actual area?

2. Estimate the area under the curyes 4 — x? betweenx = -2 and x = 2 using:

(@ 2trepezia (b) 4 trapezia (c) 8trapezia.
3. Draw the graphs ofy = 2x and y = x> - 5x + 6. Find the area between the

curve and the line by using 5 trapezia.

4, The graph below shows how the speed of a car varies as it sets off from rest.

Speed
(m/S) 30

25

20

15

10

0 5 10 15 20 25 30 35 40 45 50 55 60
Time (S)

(@) Estimate the distance travelled in the first (i) 30 seconds
(i) 60 seconds?

(b) What is the average speed for the first (i) 30 seconds
(i) 60 seconds?
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The graph below illustrates a speed-time graph for a local train journey from on
station to the next.

Speed

(miles 60
per
hour)
50

40

30

20

10

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Time (seconds)

(& Whatis the maximum speed achieved?
(b) Estimate the total distance between the two stations.

(c) Explain in words what happens to the speed during the journey.

Tangents to Curves

1.

The distance-time graph of a journey made on a bicycle is shown.

A G H

Distance E

A .
Time

(@) Between which two points is the bicycle slowing down?

(b) Between which two points is the bicycle moving at a constant speed and
travelling away from the starting point?

(c) Between which two points is the bicycle accelerating and travelling back
the starting point?
(SEG)

2
(@) Draw the graph ofy = X? for 0<x<4.

(b) By drawing tangents, find the gradient of the curvexat 0, 1, 2, 3 and 4.

(c) Comment on the pattern of results.

e

fo
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For each of the velocity-time graphs below, sketch a corresponding acceleratio
time graph.

(@) Speed 4
(m/s) 01

30 f

20

10 1

o 1 2 3 4 5 6
Time(s)
(b) Speed A

(mf/s) a0l

301
20 ¢

107

0 1 2 3 4 5 6
Time(s)

The graph below illustrates the journey of a London Underground train betwee
two stations. The journey takes 100 seconds.

40

30

Speed
(m/s)

20

10

0 10 20 30 40 50 60 70 80 90 100
Time (s)
(@) Describe how the speed of the train varies on the journey.
(b) Estimate the maximum acceleration of the train

(c) Estimate the distance, in kilometres, between the stations.
(SEG)
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The graph shows the velocitymetres per second, of a ¢aeconds after it joins a
busy main road.

v
A
30
20

10

1

0| 10 20 30 40 50 60 7080 90 100 11010

(@) Calculate the acceleration of the car 10 seconds after it joins the busy ma
road.

n

(b) Calculate an estimate of the total distance travelled by the car in the two
minutes shown in the graph.
(LON)

The graph below shows the velocity of a car over the time intévat < 20,
wheret is time in seconds andis velocity in metres per second.

30 =

25

20

15

10

(&) Use the graph to estimate the acceleration of the carat.s.

(b) (i) Estimate the area under the graph for the intealt < 10.

(i)  What does this area represent?
(SEG)
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7.

The speed-time graph for an athlete in the first 10 seconds of a race is shown.

(@)
(b)

()

A firework is launched vertically upwards at timie= 0. Its vertical heighth, in
metres from its point of launch is given dy= 20t — 5t?, wheret is in seconds.

(@)

(b)

(©)
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12
11

10

Speed7
(mfs) 6

= N WA

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

Use the graph to estimate the acceleration 4 seconds from the start.

Use the graph to estimate the distance run by the athlete in the first
10 seconds.

Calculate the average speed of the athlete during the first 10 seconds of
race.
(SEG)

Use a graphical method to estimate:
(i) the first time at which the firework reaches a height of 12 metres

(i)  the maxiumum height reached by the firework.

Use your graph to estimate the speed of the firework when it first reaches
height of 12 metres.

Solve an appropriate quadratic equation to calculate the second time tha
firework reaches a height of 12 metré&ive your answer correct to two
decimal places.

(SEG)
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9. A train normally travels between two stations, A and B, at a steady speed of
90 kilometres/hour.

On a particular day, the driver had to stop at a red signal between the stations.
The speed/time graph is shown below.

100~
90

80
70 \

Speed 60
(km/h) 50 /

40 /
30 \ ]

20
10

]
I

0 1 2 3 4 5 6 7
Time(minutes)after passing Station A

(@ () From the graph, estimate the deceleration of the train, in kilometres
hour/minute, two minutes after passing station A.

(i)  Express this deceleration in metres/secand

(b) Estimate the distance of the signal from station A.

(NEAB)
y
10. A
|
2
. [P
o 1 0
N
» X
—ANC=3 T -2 -1 0 1 2 3 4 51
N } 1
-2
[

(a) Draw the tangent at P on a copy of the curve.

(b) Calculate the gradient of the tangent you have dr&Bive your answer
correct to 1 decimal place.
(LON)
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Finding Coefficients

1.

Each table below gives a set of data and the form of the relationship between t

variables. In each case, find the value of the consaaandb.

(a) x| 1 2 4 10
y ‘ 15 1 0 -3
(b) X | 2 4 6 8
y 5 29 69 125
(c) X 1 2 3 4
y 22 10 6 4
(d) X | 1 4 9 16
y ‘ 8 6 4 2
(e X | 0 1 2 3
y ‘ 20 19 12 -7

For a simple pendulum, experimental data for the time period and the length of

pendulum are given below.

y=ax+hDb

y=ax +b

y=aJ/x +b

y=ax®+b

Length (cm) 16 25 49

64 100

Time (s)

08 10 14

16 20

It is expected that the time is proportional to the square root of the length.
Is this confirmed by this data? If so, find the constant of proportionality.

The height of the tiddy metres, measured at a particular titbtegurs, is given by

the data below.

Time (hours)

Height(m)

Assuming that the data follow a relationship of the form

h = acos(30t) + b,

estimate the value of the constaandb.
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