Section Three — Graphs 31

Coo d nates a and Ratio

1  The line segment 4B is shown below. M is the midpoint of 4B and has coordinates (4, 5).

The coordinates of point 4 are (-2, 2). VA B
a) Find the coordinates of point B.
M ~p
(oo R ) 4/
2 g
2] = -
Point P lies on the line segment 4B such that MP:PB=1:2. Not drawn accurately
b) Find the ratio 4P: AB.
3]
[Total 5 marks]
2 ABCDisa square with side length 4 units. The coordinates of point D are (2, —1).
M is the centre of the square and point E has coordinates (0, 5). :
y A
\ Not drawn
tel
h accurately
A B
M
g
0 »
D C
Find the ratio EM: MC. Give your answer in its simplest form.
[Total 3 marks]
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3 The diagram shows rectangle ABCD. Point £ has coordinates (0, —4),

point F has coordinates (6, 0) and point B has coordinates (6, 4). Not drawn accurately

P is the point on the line EB such that EP:PB=3:1. ya
Calculate the length of the line segment PF. A B
P
g
0 Fo
D E C
[Total 4 marks]
4  ABCD is aparallelogram. The coordinates of point 4 are (-2, 7) and the coordinates
of point D are (-5, 2). M is the midpoint of line AC and has coordinates (3,4.5).
t
Y Not drawn
accurately
A B
M
N
D C
3
O »
Point N lies on the line AC such that AM: MN:NC=5:3:2.
Find the exact length NB.
[Total 6 marks]
Score: L
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1 Line L, passes through the points (4, 6) and (11, 20).
Line L, is perpendicular to L, and intersects the x-axis at (28, 0).

Find the equation of line L,.

[Total 3 marks]

2 The line SQ is a diagonal of the kite PORS and has equation y = 4x — 3.
The coordinates of point R are (8, 15). Find the equation of the other diagonal PR.
y ﬂ\
Not drawn
Y accurately

[Total 3 marks]

3 LinesL and L, are perpendicular and intersect at point M.
L, has equation x + 5y = 100 and L, passes through point (2, 4).

Find the coordinates of point M.

(O ) e )
[Total 5 marks]
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4 The line L, has equation 2y — x = 14 and passes through the points
P(6, 10) and Q. L, is the line that is perpendicular to L, and passes

through point P. L, intercepts the y-axis at R. RQ is horizontal.
Find the coordinates of Q.

A}y LI
R 0
P
/
X
0 \ L

Not drawn accurately

[Total 5 marks]

5 Lines L, and L, are parallel. L, has equation 2x + 3y = 12 and L, passes through point (6, 13).
Line L, is perpendicular to L, and L, and intersects L at (3, 2).

Find the coordinates of the point of intersection of L,and L,

QT SN § nayii A )
[Total 6 marks]

Score

Exam Practice Tip

Remember — the gradients of two perpendicular lines multiply to give —1. Once you know that, use whatever
information you're given to find the equation of the line. You sometimes have to do quite a bit of work to find
the equation, so if you're asked to find a point, don't forget to do the final step and find the coordinates. 22
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~ Harder Graphs

h
The graph shows the curve y = % HEEEEEEE 1o
fod | 81
Find the smallest possible distance 6l
between the two sections of the graph. :
Give your answer as a simplified surd. il
NN AR RN RN 2 -
- The closest points will = S |
= lieontheliney=x = FaveE KX = h
N |IT ‘o‘n| | |e| mf l)/l I \Xl VIS -1 ;RQ_{\‘:‘I’—Z 2 24 6'8 10

The point (7, 24) lies on a circle with centre (0, 0).
Find the radius and equation of the circle.

Radius = .....ccocvuvvenenne
EqQUation: ........ccecereersvesnnseecsscsisseanens
[Total 2 marks]
The graph of the curve y = x* —x — 4 is shown. N ) s o
Use the graph to estimate the solutions to x* +x = 1. | e
5 .

[EESEERERR TNTTTTTTT I||l|||||]||||||||||¢x
4 ) 2 4

D
2

N O A

=
:|
L

|||1||||||||

4

[Total 4 marks]
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4  Find the equation of the tangent*to the circle x* +y* = 25 at the point (—4, -3).
\\\HIH\IHIIHIIlllll\ll/

= Start by finding the equation
= of the radius that goes from

yl
2 9t
= (00 to(4-3). 3 / Xty =25
ARV ANERRARNERRRRNAREEY
0
(_49—3)

[Total 3 marks]

A

AV

\ &%

5 The diagram shows the curves y = ab* and y = a(2b)", where a and b are constants.
The curve y = ab* passes through the points 4(2, 36) and B(4, 81). The curve y = a(2by
passes through the points C and D. C and D lie vertically above 4 and B.

Calculate the gradient of the line segment CD.

4 ¥ =a(2by

[Total 5 marks]
—

|
Score: |

17
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1 The graph of y = —cos x is shown below for 0° < x < 360°.

As shown on the graph, 2.2

—cos 75°=-0.259.

0 TTTTT T T TTTIT[T TTT T T T T T[T I I T T T T T[T T[T TTTT T T T[T rIrrrT

m X
—0.259F i rORe e L DTBR 360°

Ak —COS X |

[Total 1 mark]

2 The diagram shows a sketch of y = tan x for 0° < x < 360°.

e . Notdrawn  tan 105° =-3.732.
3 j ' accurately
i | Write down the two solutions to the equation
& | | tan x = 3.732 for 0° < x < 360°.
1 i ‘
0 i 1 "
90° 80° 270° /360°
-1 1 i
-2 ! ! ) )
_3 Z § X = s cresisennasrssvisnsosss and X = .o
: % [Total 2 marks]

3 The graphs of y = sin x and y = sin 2x for 0° < x < 360° are shown below.

For the graph of y = sin 2x + 3, find the y -
2 3 ENSENE RN T T L F N NN T
exact y-value when x = 22.5° pics ettt ne e e s et
I
0
Nt
-2 s i

[Total 2 marks]
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4 The diagram shows a sketch of y = cos x for 0° < X< 180°.

As shown on the graph, cos 55° = 0.574. Ya
1_
a) Find the value of x in the range 0° < x < 180° 0.574
for which cos x = -0.574. e

X

»

0 : 4
55° goni | 180°
K=" ciosnciseeenmmomenssiosnssnmme = _1_

BT dusarss it yasianmmmeimasions
1]
¢) Find the value of x in the range —180° < x < 0° for which cos x = 0.574.
[¢]
o vrmwianeiinanandunssrivgs
[1]
[Total 3 marks]
5 The sketch below shows the graphs of y = tan x and y=-sinx+c,
where c is a positive number. The two graphs intersect when x = 45°.
The point (90°, @) lies on the curve y = —sin x + c. Ay , ‘
) Work out the exact value of a. ; :
\\\/\IHll\lllllllllll’l// !
= Remember the common < ;
= trig values — they'll come = i Ly = —sinx+c¢
= in handy for this question. = i :
ARV AR RRRVARRRRRRNEIN §(9()0,61) 1

i

90°  A80° 270°

i

i
i
i
i

. [y=tanx

» X
60°

Not drawn accurately

[Total 4 marks]

Exam Practice Tip

Its really, really important that you know all the properties of the sin, cos and tan graphs — their shapes,
where they cross the x- and y-axes, any symmetry they have, where the pattern repeats etc. If you're not given
the graph over a big enough range to solve the question, you can always draw a quick sketch to help you,

Score

]

12
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Graph Transformations

For parts a) and b) below, draw the transformed graphs on the same axes as the original graphs.

bl z
Yy o | :
31 : |
7 f a) The graph on the left shows a sketch of y = tan x
for 0° < x <360°. Sketch the graph of y = —tan x.
l_
0 ‘ Ly x
90°  A80° 270° /360° [1]
~1 g
=2 VA
3 3
2
1 g
b) The graph on the right shows a sketch of y = sin x
for 0° < x < 360°. Sketch the graph of y = sin x + 2. 0 0 1% 270° Zg0°
14
[1] 25
[Total 2 marks] _3

The diagram shows a sketch of y = f(x), which crosses the x-axis at —4 and 1,
and has a turning point at (-3, 4).

v A

(_3 > 4)

\ X

[ o 1

a) On the same axes, sketch the graph of y = f(-x), labelling the turning point
and where it crosses the x-axis.

3]
b) Write down the coordinates of the turning point of y = f(x +3)+2.
(s pomsimaninmarmiising T )
2]
[Total 5 marks]
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3 The circle x2 + 2 =36is shown below.

4
LV 4
8
e ~NX ) 736
// A \\
l/ - \\
/ 5 \
Z
2
-10/ -8 6/ -4 -2 0 ) | 4 10
2
\ /
N 4 /
- Fa
\\ /r
hd \\\\IIlllllll\llllllllllll,
= Don't be put off by the fact =
8 = that the equation isn't in the =
= form y=f(x) — you can E
0 = use the transformation rules =
- in the same way. =
a) On the same axes, sketch the graph of (x — 2)? + y* = 36. Zo It bt b vl AR
2]
b) Write down the coordinates of the centre of the graph (x + 6)> + * = 36.
(oo, s e )
[1]
[Total 3 marks]

4  The diagram~ibe16§v shows the gfaph of p=x*+3x2+2.

Y a) On the same axes, draw the graph of
4 e y=(x-3)+3(x-3)*+ 1, showing clearly
N the coordinates of any turning points.
- /
o 1]
- 3]
" b) Expand and simplify
6 (x=3)+3x-372+1.
/ A
/
Ts
l JC
54 321 ) 4.5
/ 1y
Z
4 . S
4]
[Total 7 marks]
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The diagram shows a sketch of y = f(x), where f(x) = x> — 5x + 7.

a) By completing the square, find the coordinates
of the turning point of f(x).

y
{ o sndanmmmtecsssones ) e )
3]
b) Hence find the coordinates of the turning point of
y=fx+3)-2.

X

5 -
e . s e )
2]

c) Find the x-values of the points where the graph of y = f(x + 3) — 2 intersects the x-axis.

b and X =....cocoeeirieieen.
3]
[Total 8 marks]
-6 . . .
The graph y = s transformed into the graph of y = T
a) Show that —22—+p = 0%
Xx—a x—a
2]
b) Describe the transformation that maps the graph of y = % to the graph of y = x3—xZ .
Q IRNAWA 3
E| I'Sltla;t’ \b}'/ |ulsi'n‘g' ltlf\we, :dle‘nltilt‘y lir|1 Ip'a’r|t la) t'o‘ < 3]
= rewrite the second equation in part b). = [Total 5 marks]
YRR RN AN AR RARARNARARARAN
Score:
30
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1 Estimate the distance covered by the tractor whose
journey is shown on the velocity-time graph below.

ot
—~ 5 raan
= ,
4
23
g \
o
>
|aA \
0 60 120 180 240
N RN AR AN NN AR RN NP time(mins)
= Be careful with the units here. =
RNV A
.................................. km
[Total 3 marks]
2 This Velocity-time graph models the first 150 seconds of a journey.
a) Calculate an estimate for the 8“
distance travelled during these -
150 seconds. Z ™~
Es /L
£ 4 \
23 \
>
1 /
/ |-
0 30 60 90 120 150
time (seconds)
.................................. m
3]

[Total 5 marks]
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3 A go-kart’s velocity over one lap is plotted on the velocity-time graph below.

2.0

oy
(9]

Velocity (m/s)

[
(es)

Lii il IIlI|IIII|IllIlIllI

-

e
9

0 T e e e
0 10 20 30 40 50 60

Time (seconds)

* 5 NN RN AR NN RN NN ARR AT
Calculate an estimate for its average speed. 2 Youll need to find the tota)

= distance the go-kart travelled first.
AR AR NN RN R N RN ARRRVERY

ARR RN

[Total 4 marks]

4  The veloc1ty-t1me graph,belbw shows ::the journey of a hot-alr balloon

61

A '

1
e

velocity (mph)

i | | i |
{ | i | {

0 05 1 15 2 25 3
time (hours)

Find the percentage decrease between the estimates for the total distance travelled when the area is

split into six strips and into three strips of equal width. Give your answer to 1 decimal place.

B

[Total 6 marks]
Section Three — Graphs
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5 The velocity-time graph below shows the journeys of two different objects, A and B. Object A’
journey is shown by the solid curve and object B’s journey is shown by the dashed curve.

201\

18— 2 HENEY I

[a—

¥)
NG
/

velocity (m/s)
=
N
v

NS I NN N )
N
~

= ?

o 15 30 45 60 75
time (seconds)

By dividing each area into 5 strips of equal width, calculate the ratio of the estimated average speed
of object 4 to the estimated average speed of object B. Give your answer in its simplest form.

[Total 6 marks]
Exam Practice Tip Score
Finding the area under velocity-time graphs is much harder if the graphs are curved, not straight. You can't []
find the exact area, only an estimate by dividing it up into triangles, rectangles and trapeziums. Remember,
the gradient of the line shows the acceleration — and a negative gradient means the object is slowing down. 24
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~ Gradients

1

2

The temperature of an indoor swimming pool is recorded and shown on the graph below.

30 The manager claims that the average rate

of change of the temperature between 8 am
= and 12 noon is the same as the average rate
of change of the temperature between 4 pm

and 6 pm.

\
/

[\
S

Is the manager correct? Explain your answer.

Temperature (°C)

[\

oy |
I T T A T 1 1 1 B i o e 2

e

TTT l|l|lI|IlIl|llII[|lIllIlI]lI IIII|IIII]

1000 1200 1400 1600 1800
Time

'II T
0800

[Total 3 marks]

The first 60 seconds of a cyclist’s journey are shown on the velocity-time graph below.

a) Find the average acceleration of the 25 E ]
cyclist between 10 and 20 seconds. =
20 i
g 159
2] |
s 3
= .
> 107
.................................. m/s? E ‘ ‘
[2] 0 _‘|lI||lIrlIII|l|IIllilll||IIIl;lllI|Illl]llll||lllil|ll[l1ﬁﬁ
0 10 20 30 40 50 60

Time (seconds)
b) Estimate the acceleration of the cyclist at 50 seconds. Give your answer to 3 s.f,

QUL i,
= Draw a tangent to the

— curve at 50 seconds.
AV AR RR R RN

Vg

1

2]
[Total 4 marks]
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3 A scientist measures the growth of two different plants over two weeks.
Her results are shown in the graph below.

1k ‘ : : Find an estimate of the ratio of the
0 T rate of growth of plant A during the
[ e ;),:/ . first week to the rate of growth of
PiantA 1 1] plant B during the second week.
1 | ,/ L A Give your answer in its simplest form.
§ ¢ BERREE TN
5T TR
L / 4 =ra A=l T
3 .
2t 2 4’7 |
7
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

time (days)

[Total 3 marks]
4  The graph shows the depth of water in a container.
A
a) Estimate the rate at which the depth of
the water is increasing after 35 minutes. o1 | |
Give your answer as a fraction in its e e - BEEEEY |
simplest form. HEEE | /
B 60 -t :/r «
= EED4ANN
=4 BN 4NN
// aun
.................................. cm/min ' T S (
0 10 20 30 40 50 60 g
time (minutes)
b) Find the average rate at which the water increases over the 60 minute period.
.................................. cm/min
2]
[Total 4 marks]
—
Score: L ——

14
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