Pure Sector 1: Straight Lines

Aims:

Calculate the gradient of a line given two points or the equation of a line.
Find the equation of straight lines in the required form.

Find the midpoint of a line segment.

Find the distance between two points.

Understand parallel and perpendicular lines.

Find the intersection of two lines using simultaneous equations.
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Gradient of a Line

The gradient tells you how steep something is. To find the
gradient of a line you can use any two points on the line
(x1,¥1) and (x3, y,) then divide the difference in the y
values by the difference in the x values. We use the letter
m to represent gradient of a line.
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Example 1

Find the gradient of the line segment joining each pair of points:

a) A(3,4)and B(7,18) —— _‘_78;‘;;,_ = _'_3_ ___

b) A(-4,0) and (2,7) A= =
W= T

Example 2

A line has the gradient of —% and passes through the point (1,6). The point (k, 2) is also on the line,
find the value of k.
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You can also find the gradient of a straight line if you are given the equation of the line
Remember from GCSE:

Where m is the gradient and c is the y intercept.

Example 3

A line has the equation 3x — 4y = 7 and passes through the points A and B
a) Find the gradient of AB. 31 u\‘j_.
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b) Find the coordinates where the line crosses the coordinate axes. b€
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Equation of a Straight Line

To find the equation of a straight line you need to know the gradient, m , and the coordinates of a point
(x,,y1) on the line then we can use:

—

y—yi=m(x—xq)

Example 4

Find the equation of the line that passes through the point (—2,3) and has a gradient of 3
m=3 gz =& Jr=

Example 5

= 2x+b+3 3:3951;"7

a) Find the equation of the line that passes through the point (5, —3) and has a gradient of —=
give your answer in the form of ax + by + ¢ = 0 where a, b and ¢ are integers

(j_'.?)_ ——(x 6) /733+Ci:—~2x+lo
3(3+ 3)——z(x 5) 23c+3ﬁ--| =

b) Verify that the point P(-1,2) lies on the line
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Example 6

Find the equation of the line that passes through the points 4(0,3) and (-2, —6) .
Put your answer in the form of ax 4+ by = ¢ where a, b and ¢ are integers.

Y-yi= Ml -x)  (,4) can be eithar port, lek’s une (0,3
m= _Sz—tji = S_f_(:’ = Cl__
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Midpoint of a Line Segment

(ZCQ ) y2 ) The midpoint of the line segment joining
A(x,,y,) and B(x;,y,) is given by:

. (X1t X3 J’1+J’z)
M
i ‘S( 2 2
(xlayl)
Example 7

Find the midpoint of AB where A(3,—4) and B(1,8).

Ceal -&fé_> = 2,2)
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Example 8
Find the coordinates of B given that A(3,7) and the midpoint of AB is (—3,0).
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Distance Between Two Points

( 3’}2 3 y2) The distance between two points or
length of the line segment between
A(x1,y,) and B(x,,y,) is given by:

[ AB = \[(x; — x)% + (¥, — ¥1)? “

(xl,yl)

AB s the distance from A to B

Example 9

Find the distance between the two points 4(4,3) and B(—1,5)

A= [(h+1) + (5-3)° '_-__l;zsw

Example 1

The point € has the coordinates (5, k) and the point A has the coordinates (3, —2).
The distance from AC is 5v/5, find the possible values of k.

A= (xam =) + (9:-9)
(sB) - (¥5-3) +(k+D
{25 = 4 *’(‘“'2)
(k+2) = 12
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Parallel and Perpendicular Lines
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When two lines are parallel they have equal gradients. When two lines are perpendicular they meet at right
angles and the product of their gradients is -1.

Example 11
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o lines with gradients m; and m, are:\

Perpendicular & my xmy; = —1

Perpendicular @ my = ——
my j

Parallel & my; = m,

Find in the form of ax + by + ¢ = 0 where a, b and c are integers the equation of the line that is
perpendicular to 3y — 4x = 7 and passes through the point (3, —
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Example 12

Find the equation of the perpendicular bisector of AB where A and B are (=7,5) and (3,0) respectively.
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Intersection of Lines

To find the coordinates of the point of intersection of two lines we use simultaneous equations.
The lines AB and BC will intersect at the point B.

Example 13

Find where the following two lines intersect 5x + 3y = 7 and 3x — 7y = 13.
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Example 14

Find the coordinates of C given that the equation ACis y —3x =3 andBCis 2y =9+ 5x.
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Exam Questions

1 The trapezium ABCD is shown below.
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The line AB has equation 2x + 3y = 14 and DC is parallel to AB.
(a) Find the gradient of AB. (2 marks)

(b)  The point D has coordinates (3, 7).

(i) Find an equation of the line DC. (2 marks)
(ii) The angle BAD is a right angle. Find an equation of the line AD, giving your answer

in the form mx + ny + p = 0, where m, n and p are integers. (4 marks)

(c) The line BC has equation Sy —x = 6. Find the coordinates of B. (3 marks)
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2 The triangle ABC has vertices 4 (1, 3), B(3, 7) and C (1, 9).

(a) (i) Find the gradient of AB. (2 marks)
(i) Hence show that angle ABC is a right angle. (2 marks)
(b) (i) Find the coordinates of M, the mid-point of AC. (2 marks)
(it) Show that the lengths of 4B and BC are equal. (3 marks)

(1i1) Hence find an equation of the line of symmetry of the triangle ABC. (3 marks)
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Extension questions

1) Find the shortest distance from the line 3x + 4y = 25 to the origin.

C‘mdptg = = ANAOB s simles 6 A ACO
[ . & . ¥
@l 0C= 3 p ~ Rikie 4 AR08 sidss o 3rui S
,‘.t x4 lhy=
S”Q:j . ) A, OR b 2 long.
3o fgx =23 e G . 04
x=3 oB AB i
= Y4 S ocC = Q_ﬂ_xogzéx%':g
> S
Tovdad ¢ (3 -
.'.Lj05= =
(3, %S )

2) Find the shortest distance form the point ( -1, 2) to the line 3: +3x=14 .
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3) The points A(1,2) and B(=2,1) are two vertices of a rectangle ABCD.
The diagonal CA produced passes through the point (2,9).
Find the coordinates of C and D
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