Pure Mathematics Year 1/AS

Straight line graphs, Mixed Exercise 5

1 a

Gradient m=-3, (x,, ,)=(2,1)

The equation of the line is:

Y=n =m(x—x1)
y-l=-3(x-2)
y-l=—3x+2

— ) 11
y=—ugXts

Substitute (k, 11) into y =—3Jx+4
1l=—Jk+4
>k
6 5 k
Multiply each side by 12:

110 =5k
k=-22

11-

u__
6
55

The gradient of AB is:
Yo~ W _ 1
x,—x 3

Multiply each side by (8 — k):
2k-2=1(8-k)
Multiply each term by 3:
6k—6=8—k
Tk—6=28
Tk=14
k=2

k=2.

So 4 and B have coordinates (2, 1) and

(8, 3).

2

b

a

SolutionBank

The equation of the line is:
Y=r _X=X%
W= X=X

p—
=
\S]

<

= W
—
= 00
NS )

2 6
Multiply each side by 2:

=5(x-2)

‘<
= »—a
Il Il
= =
+ |
W= W

<
|
—
I
W= W~ W=

The equation of L is:

Y=y =m ('x—xl)
y=2=3(x-2)
y-2=5x-3%
y=Egxty
The equation of L is:
y_ylz(x_xl)
y—8=—1(x—4)
y—-8=-x+4
y=—x+12

Solve y=1x+4 andy=—x+12
simultaneously.
—x+12=1x+1
12=3x+1
102=4%
2
§
=9
Substitute x =9 into y = —x + 12:
y=—9+12
=3
The lines intersect at C(9, 3).
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4 a The equation of / is: 5 Multiply each side by —22:
Y- _x-% y=3=Z(x-1)
W= X=X y=3= (x 1)
y-0_=x-1 Multlply each term by 10:
6-0 5-1 10y-30=11(x~1)
y_x-1 _
== 10y-30=11x-11
Multiply each side by 6: 10y =11x+19
(x-1) 0=11x—10y+19
y=6 4 The equation of L is
; 11x— 10y + 19 =0,
yZE(X—l)
6 a (x1,y1)=(2,2),(x2y2)=(6,0)
3.3 The equation of /i is:
y==x
2 2 Y- XX
b Solve 2x+3y=15and y=2x-2 SR
'OVT X y]i_ and y =5xX—5 y_2 )
simultaneously. N~
Substitute: O_i i_;
2x+3(2x-3)=15 Yoo
9 2 4
2x+3x-3=15 Multiply each side by —2:
7x—%=15 y—-2=-%(x-2)(Note:—2=—1)
Bx=2 y—2=—1x+1
13x =39 y=—1x+3
x=3
Substitute x =3 into y=3x—3: b The equation of /> is:
y=2(3)-2 y=y=m(x-x)
=3-3 y=0=4(x~(-9))
=5 y=4(x+9)
=3 y=1x+73

The coordinates of C are (3, 3).

7 A(13V3), B(2+43.3+443)

5 GnLyy=(,3),(x2,)2)=(-19,-19)

The equation of L is: The gradient of the line through
Y=y _ X—Xx 4 and B is:
W=V X=X Vo= N :3+4‘/§_3‘/§
y-3  x-1 X, =X 2++3-1
-19-3 -19-1 3+43
y-3_x-1 - 113
22 20
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a

Rationalising the denominator:

B+V3)x(1-+3) _3-3\3+3-3
A+3)x(1-+/3) 1-3
28
)

_J3

The equation of the line is:

y= \/§x+c
Substitutingx =1 and y = 34/3 into
y= \/§x+c:

33=B+c
c=2\/§

The equation of line / is:
y=x+23

Line / meets the x-axis when y = 0.
When y =0, x =-2.
C is the point (-2, 0).

A(—4, 6), B(2, 8)
The gradient of AB is:
V2™ N 8-6

Xy =X

The gradient of a line perpendicular
to AB is:
L

1

3
The equation of p is:

y_yl :m(‘x—xl)
y-8=-3(x-2)
y—8=-3x+6
y=-3x+14

Substitute x = 0 in the equation for AB:

y=-3(0)+14=14
The coordinates of C are (0, 14).

9 a The line passes through 4(0, 4) and is

perpendicularto /: 2x —y — 1 =0.
2x—y—-1=0

2x—-1=y

y=2x-1

The gradient of 2x —y —1 =01s 2.
The gradient of a line perpendicular to
2x—y—-1=0is —4.
The equation of the line m is:

Y=y =m(x-x)

)

y—4=—7x
y=-3x+4

Or, since 4 is a y-intercept, the
equation can be written once the
gradient is known i.e y = —(%) x+4.

To find P, solve y=—1x+4 and

2x —y —1 = 0 simultaneously.
Substitute

—(——x+4) 1=0
2x+3x-4-1=0
3x=5=0
5x=10
=2
Substitute x = 2 1nto y=—1x+4:
y———(2)+4
=-1+4
=3

The lines intersect at P(2, 3), as
required.

A line parallel to the line m has
gradient —3.
The equation of the line # is:

y=yn=m(x-x)
y=0==%(x-3)
y=—3x+3
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9 ¢ Tofind Osolve2x—y—1=0and

10
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¥ =—%x+3 simultaneously.

Substitute:
2x—(—4x+3)-1=0
2x+4x-3-1=0
2x-3=0
fx=1
x=1

Substitute x =1 into y=—1x+3:
y==-3(1)+3

=443

=1
The lines intersect at O(1, 1).

A(0, —2) and B(6, 7)
The gradient of the line through 4 and
B is:

Vo= N — 7_(_2)
X, =X, 6-0
9
"6
_3
2

The equation of the line through 4 and
Bis:

y=sxte

Substituting x = 0 and y = —2 into
y=3x+c

—2=3(0)+csoc=-2

As in Q9, the point 4 is the y-intercept
so the equation can be written once the
gradient has been calculated.

hiy=3x-2
h:x+y=8
To find point D, solve simultaneously
by substituting /1 into />.
x+3x—2=28
2x=10
x=4

10

when x =4,

. D is the point (4, 4).

yl

7>\\
8

The base of the triangle AC is 10 units.
The height of the triangle is 4 units.
Area AACD is L x 10 x 4 = 20 units’

11a A(2,16)and B(12,—4)

The equation of /; through 4 and B is:

Y= _*=X%
W= X=X
y—16 x-2
—4-16 12-2
y—16 x-2
220 10

Multiply each side by —20:
y-16=-2(x-2) (Note:—%: —2}

y—16=-2x+4
y=-2x+20
2x+y =20

The equation of /> through C(—1, 1)
with gradient 1 is:

y—y =m(x—x)

y=1=4(x+1)
y-1l=1x+%
y=1x+4%
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12a A(-1,-2), B(7, 2) and C(k, 4)
The gradient of AB is:
V=¥ _2- (_2)
x-x  71-(-1)

of BC'is:

Multiply each side by (k — 7):
2=-2(k-17)
2=-2k+14
2k =12
k=6
¢ The equation of the line passing
through B and C is:

Y=N0 _ X=X
Vo= XX
-2 x-7

6—
X —

<

~N

_2
-2

2 -1

< B

Multiply each side by 2:
y—2:—2(x—7)
y—2=-2x+14

y=-2x+16
2x+y=16
2x+y—-16=0

SolutionBank

d Remember angle B is a right angle.

V4 C(6,4) 1
2

B(7,2)
/ B
O X

vz [

8
(_1’_2)

Use the diagram or the distance
formula to find the lengths 4B and

BC.
AB =8 +4’
=+/80
BC =41’ +2
=5
Area of AABC =%x\/@x\/§
=1x+/400
=1x20
= 10 units?

13a The equation of the line through
(—1,5) and (4, —2) is:
Y= _ X—X%
=V X=X
y=5 _x=(=1)
2-5 4—(-1)
y=35 x+l1
75

Multiply each side by —35:
5(y=5)=-T7(x+1)
S5y-25=-T7x-17
(Note: =2 =5and = =-7)
Tx+5y—-25=-7
Tx+5y—-18=0
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13 b For the coordinates of 4, substitute

y=0:
7x+5(0)—18=0
Tx—18=0
Tx=18
x=14

7

The coordinates of 4 are (£, 0).

For the coordinates of B, substitute

x=0:
7(0)+5y—18=0
5y-18=0
S5y=18
y=4
5
The coordinates of B are (0, ).
The area of AOAB is:

118 18 _ 162
2X7X5_35

=
»>

14 a Rearrange /i: 4y + x = 0 into the form

y=mx+tc:
4y=-x
y=—3x

[y has gradient —4 and it meets the

coordinate axes at (0, 0).

[>» has gradient 2 and it meets the y-axis
at (0, =3).

/> meets the x-axis when y = 0.

Substitute y = 0 into the equation:

0=2x-3
2x=3
x=3

l» meets the x-axis at (2,0).
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14 a
A
I ' ;
1 3
0,00 x

(0,-3)
/|

b Solved4y+x=0andy=2x—3

simultaneously.
Substitute:

4(2x—3)+x =0
8x—12+x=0
9x—-12=0
9x=12
x==%
x=%

Now substitute x =% into y = 2x — 3:
y=2(3)-3
-3

w|oo

1

3
The coordinates of 4 are (4, -1).

¢ The gradient of /1 is —+.

The gradient of a line perpendicular to

1 1s —Ll=4.

4
The equation of this line is:

Y=n" =m(x_x1)

Multiply each term by 3:
3y=12x-17
0=12x-3y-17

The equation of the line is
12x =3y —17=0.
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15a A(4, 6) and B(12, 2)

The gradient of the line /; through 4
and B is:

Yo =W _ 2-6
x,—-x 12-4
4
8
1
)
The equation of /; is:
y=—-1x+tc

Substituting x =4 and y = 6 into
y=—-3x+tc:
=—2@)+c
c=38
y=—-+x+c
x+2y—16=0

The gradient of the line /> is —%, the y-
intercept is 0.
y=-1x

Solvex+2y—16=0andy= —3x
simultaneously.
x+2(-3x)—16=0

x—3x—-16=0

—1x=16
x=—48

When x = —48:
y=-3(-48)
y=32
C is the point (—48, 32).

d The gradient of OA4 is:

Yo =W _ 6-0
x,—-x, 4-0
_3
2

SolutionBank

d The gradient of OC is:
»-» _ 32-0 2

x,—x (-48)-0 3

3w_2_—_
sx—5=-1.

Therefore the lines OA4 and OC are
perpendicular.

e O4d=./(4-0) +(6-0)’
=52
= J4x13
=213

0C = J((-48)- 0) + (32— 0)?

=3328
=/256x13
=164/13

f Area of AOAB = 1x16/13x2/13
= 208 units?

16a (4a, a) and (—3a, 2a)

The distance d between the points is:
d=\(x,=x) +(n,=»)
= J(-3a)—4a)* +(2a—a)’
=50a*
—\25x24°
=5a\2
b For points (4, 1) and (-3, 2), a = 1.

Substitute ¢ = 1 into Sa\/z .
Distance = 5\/5

¢ For points (12, 3) and (-9, 6), a = 3.
Substitute @ = 3 into 5a+/2 .
Distance = 15\/5
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16d For points (—20, —5) and (15, —10),

a=-5.
Substitute a = —5 into Sa\/z .
Distance = 25\/5

17a (x,y)is a point on y = 3x, so its
coordinates are (x, 3x).

The distance between A(—1, 5) and (x,

3x) is:

d =0, —x) +(, -3 )
= J(x=(=D)* +(3x—5)
=V +2x+1+9x> —30x +25
=V10x* —28x+26

b 10x>—28x+26 =~/74
10x*> —28x+26 =74
10x> —28x—-48=0
5x*—14x-24=0
(5x+6)(x—4)=0
x=—%orx=4
Whenx=-%,y=3(-¢)=-4&
When x = 4, y = 3(4) = 12
The points are B(—<,-2) and
C(4, 12).

¢ The gradient of the line y = 3x is 3,

so the perpendicular line has

gradient —+.

Its equation is:
y=-3x+tc
Whenx=-1and y =5:
5=-i(-D+c

c=4

y=—gxty

d Solvingy=—{x+4andy=3x
simultaneously:
3x=—1x+4%

SolutionBank

17d 9x=—x+14
10x=14
7

X=g

Whenx=I1:y=3($)=%
The point is (£,4)

€
A C(4,12)
y=3x

A(-1,3) yE-gx+ g

7 a1

525

0 X

B(£ L

BC = \/(xz _351)2 +(, _y1)2
= J@= (=9 +(12- (=)’
= @)+ (@Y

6760
25

Distance from 4(—1, 5) to (£,2) is:
JE-(D) +E -5y

160
25

Area of triangle is:
1 ’ 6760 520
X 25 25

= 20.8 units?

18 a Gradient of the line of best fit is:
¥, =¥ _30000-23000
X,—x,  3900-3200
_ 7000
700

=10

© Pearson Education Ltd 2017. Copying permitted for purchasing institution only. This material is not copyright free.



Pure Mathematics Year 1/AS SolutionBank

18b C=aP+b
a=10
Using the point (3200, 23 000):
23 000 =10(3200) + b
b =-9000
C=10P —9000

¢ a is the gradient, which is the increase
in carbon dioxide emissions in millions
of tonnes for every 1 million tonnes of
oil pollution.

d The model is not valid for small values
of P as a negative amount of carbon
dioxide emissions is not possible.

Challenge
1 —2,-2), B(13, 8) and C(—4, 14 1
(-2,-2), B(13,8) and C(~4, 14) o
The equation of 4B is:
Y- _x-x B(13,8)
W= X=X
y=(2)_x-(=2) o D@2
= | x
8—(-2) 13-(=2) A(=2,-2)
y+2 x+2
10 15 Point D is where the line and the
3y+6=2x+4 perpendicular intersect.
3y=2x—-2 Solve the equations y = $x — +and
y=3x-3 y= —3x+ 8 simultaneously.
The gradient of AB = <. 2x—2=_-1x+8
The gradient of a line perpendicular to Multiply each term by 6.
AB= -3, 4x —4=-9x +48
13x =52
x=4

The equation of the perpendicular to
AB through C(—4, 14) is:

y—l4=— % (x — (—4)) Now substitute x = 4 into

:_i .
y-14=-3x-6 y= pxts:
:_i
y=—-3x+8 Y (@) +8
y=2

D is the point (4, 2).
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Challenge

1 AB=\/(x2—xl)2+(y2—yl)2
=J13-(-2) + 8- (-2)
=152 +10°
=325

CD =J(4—(-4))* +(2—14)
=208

Area of AABC = 1x+/325x~/208
= 130 units?

A(3, 8), B(9,9) and C(5, 2)
The gradient of 4B is:

Vo= W _ ﬂ

X, =X

[1 is perpendicular to 4B, so its gradient is
—6. It passes through C, so its equation is:
y=—6bx+c

2=-6(5)+c

c=32

The equation of /1 is y = —6x + 32.

The gradient of BC is:
Vo= W _ ﬂ
x,—-x, 5-9

7

4

l> is perpendicular to BC, so its gradient
is —4 . It passes through 4, so its equation
is:

= _45 4+
y ix+c

=-2(3)+c

= 68
¢ 7

The equation of hisy = —3x+ &,

SolutionBank

2 The gradient of AC is:

Vo= N :2_8

x,—-x, 5-3

w ola

[3 is perpendicular to BC, so its gradient is
1. It passes through B, so its equation is:

y=3x+c
=19 +c
c=6

The equation of l3is y = +x + 6.

Solve /1 and /> simultaneously.
—6ox+32=—-2x+ &

—42x + 224 = —4x + 68
38x =156

=18
T

y=—6(L)+32= 1

19

Their point of intersection is (%, L2 ).

Now solve /> and /5 simultaneously.
—ix 4 S=Lit6

—12x+204 ="7x + 126
19x =78
— 78

X~ 19

y=3()+6=142

Their point of intersection is (2, 140

19°19 /
Therefore, /1, [> and /3 all intersect at
(18,140
19219 /*

A(0, 0), B(a, b) and C(c, 0)

The gradient of 4B is:
»mn _0-0
x,—x, a—0

b

a

[1 1s perpendicular to 4B so its gradient is
a

P
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3 It passes through C so its equation is: Now solve /> and /5 simultaneously.
y= —%x + k where k is the y-intercept. = @
The intersection of /> and /3 is the point
AtC x=candy=0. ( a(c—a)j
a, .
0=—2 1% b
b Therefore, /1, /> and /3 all intersect at
=% (a —a(c—a)) .
b b
The equation of line /; is:
- L Z
TR
The gradient of BC is:
Vo= N _ 0-b
X,—Xx, c—a
b
c—a
[> is perpendicular to BC so its gradient is
c—a
b
It passes through A4, so its equation is:
y= €4 v+ K where K is the y-intercept.

AtA,x=0,y=0.

c—a
0= 0)+K
-0

K=0

The equation of line > is y = -

[3 is the vertical line through (a, b), so its
equation is x = a.

Solve /1 and /3 simultaneously.
2

yol e
b b
_a(c—a)
==
The intersection of /1 and /3 is the point
a(c—a)
(aa T)
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