OCR AS Mathematics Coordinate geometry (’

Section 1: Points and straight lines

Exercise level 1

1.

2.

3.

(a) For the points A(3, 1) and B(7, 4) calculate
(i) the gradient of AB
(ii) the gradient of a line perpendicular to AB
(iii) the midpoint of AB
(iv) the distance AB
(b) Repeat part (a) for the points A(-2, 9) and B(3, -1)

Sketch the following lines.
(1) y=x+3 (i) y=2x-1 (i) x+y=5
(iv) 4y =x+12 (V) 3y+x+6=0 (vi) by =15-2x

Find the equations of the lines (a)-(e) in the diagram below.

A\ (a)
i 4
~—_|(d)
(b)
(© , 7 X>
A
\
4 |\

(e)

. A quadrilateral has vertices A(3, 5), B(9, 7), C(10, 4) and D(4, 2).

Show that ABCD is a rectangle.

The following questions are about the coordinate geometry of the following
points: A(2,2), B(3,1), C(4,4), D(,5), E(6,-1), F(7,-3)

(i) Find the lengths of the line segments AE and AB.

(it) Find the gradients of each of AB, AC, AE, DE, and CD.

(iii) State which of the lines in part (ii) are parallel or perpendicular to each other.
(iv) What is the angle between AC and BF?
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OCR AS Mathematics Coordinate geometry o

Section 1: Points and straight lines
Exercise level 2

1. Given the points A(3, 1), B(6, y) and C(12, -2) find the value(s) of y for which
(i) the line AB has gradient 2
(if) the distance AB is 5
(iii) A, B and C are collinear
(iv) AB is perpendicular to BC
(v) the lengths AB and BC are equal

2. Find the equations of the following lines.
(i) parallel to y=4x-1 and passing through (2, 3)
(if) perpendicularto y=2x+7 and passing through (1, 2)
(i) parallel to 3y+x =10 and passing through (4, -1)
(iv) perpendicular to3x +4y =12 and passing through (-3, 0)
(v) parallel to x+5y+8=0 and passing through (-1, -6)

3. Find the equation of the line AB in each of the following cases.
(i) A(L,6),B(@3,2)
(i) A(8,-1), B(-2, 3)
(iii) A(-5, 2), B(7, -4)
(iv) A(-3,-5),B(5,1)

4. ThepointEis (2,-1),Fis(1,3),Gis(3,5) and His (4, 1).
Show, by calculation that EFGH is a parallelogram.
Is EFGH also a rhombus? Explain your answer.

5. Pisthe point (2, 1), Qis (6, 9) and R is (10, 2).
(i) Sketch the triangle PQR.
(if) Prove that triangle PQR is isosceles.
(ili) Work out the area of triangle PQR.

6. Three points are A (-1, 5), B (1, 0), and C (11, 4).
(i) Find the gradient of BA.
(i) Find the gradient of BC, and show that BA is perpendicular to BC.
(iii) Find the equation of the line through C, parallel to BA.
(iv) Find the equation of the line through A, parallel to BC.
(v) Find the coordinates of point D, the remaining vertex of the rectangle ABCD.
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OCR AS Mathematics Coordinate geometry 0

Section 1: Points and straight lines

Exercise level 3 (Extension)

1. Atriangle has vertices E(2, 5), F(4, 1) and G(-2, -3).
(i) Find the midpoint of each side and hence find the equations of the three
medians.
(Medians are the lines from the midpoint of each side to the opposite vertex).

(ii) Show that the point (4,1) lies on each median.

2. The sides of a triangle are formed by parts of the lines y+3x =11, 3y =x+3 and
Ty+x=37.
(i) Find the coordinates of the vertices of the triangle.
(i) Show that the triangle is right-angled.
(iii) Work out the area of the triangle.

3. ABCD is a parallelogram. The equation of AB is y =4x—3 and the equation of
BCis y=2x+1.
(i) Find the coordinates of B.
(if) The coordinates of A are (3, 9). Find the equation of AD.
(iii) The coordinates of C are (7, 15). Find the equation of CD.
(iv) Find the coordinates of D.

4. The perpendicular bisector of AB, where A is (4, 2) and B is (10, 12), crosses the
axes at points P and Q. Find the area of triangle OPQ.

5. Point Aiis (3,1) and B is (8, 4). A line passes through B perpendicular to AB, and
meets the axes at points P and Q. A second line through A perpendicular to AB
meets the axes at R and S. Find the area of PQRS. What shape is it?

6. Point Ais (5, 2),Bis (1, 5),and Cis (6, 6). Point D lies on AB, with CD
perpendicular to AB. Find the coordinates of D.

7. PointAis(4,5),Bis(2,1),Cis(7,1),and D is (-1, 5).
(i) Find the midpoint of AB and CD.
(if) Find the gradients of AB and CD.
(iii) What shape is the figure ACBD?
(iv) Find the area of figure ACBD.
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OCR AS Mathematics Coordinate geometry 0

Section 2: Circles

Exercise level 1

1.

Find, in the form x*+ y? + px+qy = c, the equation for each of the following
circles.

(i) centre (0, 0), radius 6

(if) centre (3, 1), radius 5

(iii) centre (-2, 5), radius 1

(iv) centre (0, -4), radius 3

For each of these circles, write down the coordinates of the centre and the radius.
(i) x*+y*=100

(i) (x-2)"+(y-7)" =16
(i) (x+3)"+(y-4) =4
(iv) (x +4)2+( +5) =20

For each of these circles, find the coordinates of the centre and the radius.
(i) x*+y*+4x-5=0

(i) x*+y?—6x+10y+20=0

(iii) x*+y*—2x-3y+3=0

The point C is (4, -2) and the point A is (6, 3).
Find the equation of the circle centre C and radius CA.

. The points A (2, 0) and B (6, 4) form the diameter of a circle. Find the equation

of the circle.

From the following equations, which represent the Cartesian equation of a circle?
For each circle, find the coordinates of the centre, and find the radius.

(i) Xx*+y*—4x+6y=51

(i) x*+2y*-3x=11

(iii) 4x°+4y* =65

(iv) 8x°+8y”—48x—-16y =-104
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OCR AS Mathematics Coordinate geometry o

Section 2: Circles

Exercise level 2

1.

(i) Show that the line y =4 —x is a tangent to the circle x*>+y*=8.
(ii)  Show that the line 4y =3x—25 is a tangent to the circle x*+ y* =25.

. Accircle passes through the points Q(0, 3) and R(0, 9) and touches the x-axis.

Work out two possible equations for the circle.

The line 2y + x =10 meets the circle x*+y*=65 atP and Q.
Calculate the length of PQ.

The line y = x+1 does not intersect the circle (x—1)*+(y+2)* =k.
Find the possible values for k.

The points P (-2, 6), Q (6, 0) and R (5, 7) all lie on a circle.

(i) Show that PR is perpendicular to QR.

(if) Explain why the result from (i) shows that PQ is a diameter of the circle.
(iii) Hence calculate the equation of the circle.

(i)  Write down the equation of the circle centre (0, 0) and radius J17.
(if) Show that the point P(-4, -1) lies on the circle.
(iif) Find the equation of the tangent at P.
(iv) The line x+y =3 meets the circle at two points, Q and R.
Find the coordinates of Q and R.

(v) Find the coordinates of the point, S, where the tangent at P intersects the line

X+y=3.
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OCR AS Mathematics Coordinate geometry 0

Section 2: Circles
Exercise level 3 (Extension)

1. Find k so that point P (3, \/f) lies on the circle x*+y*=k?. If P, Q, and R lie

on the circle, and triangle PQR is equilateral, write down the coordinates of the
two vertices Q and R.

2. (i) Pispoint (2, 1)and Q is (10, 5). Find the midpoint M of PQ, and hence write
down the equation of the circle with PQ as diameter.
(ii) Line L1 has equation y =3x—15. Find the points U, V where line L1

intersects the circle. What is the angle PUQ?
(iii)Line L2 has equation y+2x=5. Point R lies on line L. Find angle RPQ.

3. A et of circles all pass through the points P (1, -3) and Q (5, 7). Show that all
their centres lie on a straight line, and find its equation.

4. A gardener is planning an exhibition garden based on a design made up of circles
and straight lines. She decides to create a plan, using coordinate geometry, where
each unit on her graph represents a distance of 1 metre.

(1) Write down the equation of a circle centre C (5, 0), with radius 5.

(i) On her plan, she draws two straight paths from point P (20, 0) to points Q
and R on the circle. Point Q has coordinates (a, b). If she draws PQ so that
CQ and PQ are at right angles, what is the length of the path PQ?

(iii) Find the gradients of the lines CQ and QP in terms of a and b, and hence find
the position of Q, and then R.

(iv) Write down the shape of PQCR, and find its area.
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OCR AS Mathematics Coordinate geometry o

Section 1: Points and straight lines

Solutions to Exercise level 1

L @ O cradientofar =Lz 7 3

X —X, 3B-F —4

3
>
(ii) aqradient w of perpendicular line satisfles mx2=—1

so gradient of perpendicular line = .
3

(i) Mislpoint of AB = (3 ;7 = ;ﬂ ~(5,2.5)

(v) Distance AB = (2~ 7)* +(1—4)
=25
=5

(b) () C,mo(iewto-ngzgi_gz:3_(_1)222_
X, —X, —2-3 -5

(it) qradient w of perpendicular line satisfies mx—2=—1

. , . 1
so gradient of perpendicular ling = —=.
2

(iif) Midkpoint of AB = (_2; =) +2(_1) j —(0.5,4)

(iv) Blstance AB = \[(2-3) +(9—(-1))
=./25 +100

=125

_ 55

2 () y=x+3 /
Gradient = 1 =
When x =0, y =3
Whewg=0,x+3:0:>x:—3 /3
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OCR AS Maths Coordinate geometry 1 Exercise

(it) Yy=2x-1
Gradient = 2
whewn x = oy=-1

solutions

When ¢y =0, 2x—1=0=>x=3

(Lit) X+Yy=5
Yy=—x+5
Gradient = -1
When x =0, y =5
Whew(g: O, xX=5

(tv) 4y =x+12
Yy=5x+3
Gradient = %
whenx=o,g= 3

WMewg=o,x+1:2:0:>x=—12

V) 3y+x+e=o
B3Yy=-Xx-6
Yy=—3x-2
Gradient = —%
When x =0, Y = -2

wlneng:o, X+te=0=>x=—"06

(wt) SYy=15—-2x
Yy=3-%x
Ggradient = -2

when x = 0, SY=15=4y=3
whey\.g:o, 15 22X =0=> X =#5

(@) Gradient =1, y-intercept = 2
Bquation of linels yy=x+2

(0) Gradient = %, Y-intercept = -1
Bquation of linels y=4x—-1

or Qg:/Y—Q

20f3
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OCR AS Maths Coordinate geometry 1 Exercise

solutions
() qradient = —%, yintercept = -2
Bquation of linels y=-4x-2
or QY+ X+4=0
(d) qradient = —%,4- intercept = 3
Bquation of linels yy=-%x+3

or 4g+x=:t_’2

(6) aGradient = —£, passes through (-1, 4)

Equation of line is 4y —4 =-2(x—(-1))

3(y—4)=-8(x+1)
35—12=—2/<—2

3y+ex=4
, -5 2 1
qradient of AB = 7 ===
9-32 & 3
- -3
Gradient of BC = S A
10-9 1
2- -2 1
Gqradient of CD = +_=_1
4-10 -6 =3
, 2-5 -
qradient of AD = == —_
4 -3 1

AR and CP are parallel, and BC and AD are paratlel,

The gradients of AB and CP are 3,
and the gradients of BC and AD are -3,

Since x—3=-1, AR and CD are perpendicular to BC and AD

so ABCD is a rectangle,

) |ae|= J4* +2* =5
|4B|= 12 +(-1)* =2

(i) gradient AB=%F=-1  gradient AC=2=1

1
gradient AE = 2 = —

2
4

gradient CD =+ =1

(iil) AC and CD are parallel to each other
AR s perpendicular to AC and to CD

(tv) gradient BF =2 =—1
so the angle between AC and BF Ls 907,

30f3
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OCR AS Mathematics Coordinate geometry o

Section 1: Points and straight lines

Solutions to Exercise level 2

_ ey 1
1. () Gradientofar =2 &2 179 _T7H
X, —X, 3—-6

1_

Gradient of AB =2 = g_s
-3

ji—g:—é

Y=

(it) plstance AB s 5
\/(3—@)2+(1—5)2 =5
9+(1-yr =25
(1—(g)2 =16
1-y =14
Y=1—-4ori++4
32—3 or 5

(tit) f A, B and C ave collinear, gradient of AB = gradient of AC,
51_52 1_(_2)=i_ 1

Gradient of AC = = =—=
X, — X, 3-12 9 3
y . 1-y
From (i), gradient of A®B =
-3
11— g _ _E
-3 3
1-y=1
g=°
(iv) f AB Ls perpendicular to BC, then grad AB X grad BC = -1
1 f—
From (), gradient of AB = — &
-3
- —(—2) +2
Gradient of BC = &"8 _ 9 -d
X, —X, 6—12 -
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OCR AS Maths Coordinate geometry 1 Exercise
solutions

Ty 4=
-3 -6
(1—5)(5+2)=—18
2-y-Yy =12
32+3—20:0
(y+5)(y—-4)=o0
Yy=—Sory=4

(V) Length AB = length BC
JE-elF +@-y? = (6-12)° +(y—(-2))
9+t(@-yr =3z6+(y+2)°
1-2y+ty’ =27+y  +4y+4
O=ég+30

Yy=-5

2. () qradientof y=4x—-11is4
aradient of parallel Line = 4
Bquation of linels y—3=4(x-2)

Y—-3=4x-2
Yy=4x—-5

D) qradientof y=2x+7#is2
Gradient of perpendicular line is —%
Equation of Ling (s y—-2=-3%(x-1)

2Ay-2)=—(x-1)
2Yy—4=—x+1
25+x:5

10

() sy+x=10=>y=—3x+%
Ggradientis —1
Gradient of parallel Line is —3
Equation of line is y —(—1) = —%(x—4)
(y+1)=—(x—-4)
By+z=—x+4
Bg +x=1

(W)3X+4g=12:%g:—%x+3
Gradient is —2
Gradient of perpendicular line is +

20f5 07/04/16 © MEI
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OCR AS Maths Coordinate geometry 1 Exercise
solutions
Equation of linels y—-0=%(x—(-3))
3y =4(x+3)
33=4x+12

yloo

V) x+5y+8=0=>Yy=—%x—
Gradient is —%
Gradient of parallel line is —%
Equation of Line (s y—(—e)=—%:(x—(-1))
5(y+e)=—(x+1)
5y+30=-—x-1
SYy+x+z1=0

{ ‘ - 6—-2
3. (1) gradientof AR = Y~ Y- _ _4
X, =X 1—-3 2

=2

Bquation of AR ls y—6=-2(x—1)
Yy-6=-2x+2
g+2x=8

(i) qradient of AB Y L= A 2
X, —X, €—(-2) 10 5

Equation of A®B (s Y- (1)=-2(x-g)
5(y+1)=-20x-28)
5y+5=—2x+16

sy+2x=11
(1) Gradiont of ap = &2 Y2 _2°(H_ e 1
X, — X, -5 -7 —122 2
Equation of AB is y—2=-2%(x—(-5))
2Ay—2)=—(x+5)
Q(y—4‘:_/(_5
2Yy+x+1=0

(V) Gradientof g =2 &2 571 _"6_3
X, —X, —3-5 -8 4
Equation of AB Is ¢y —(-5) = 3(x —(-3))
4(y+5)=32(x+3)
4y+20=2x+ 9

4523/(—11
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OCR AS Maths Coordinate geometry 1 Exercise
solutions

. 2—(—1) =4
4. Gradient of EF = ( ):_:_4
1-2 -1
. 5-3 2
Gradient of FG = ===1
2—-1 2
. 1-5 4
Gradient of gH = = =—2
4—-3 1
, 11— 2
Gradient of EH = ( )=—=1
4 -2 2

EF s parallel to gH and FG is parallel to EH
so BFGH is a parallelogram.

if EFGH were a rhombus, all the stdes would be equal.

EF? =(2—-1)P +(1-3)* =17 +(—+4)* =17

FGE =1 -3 +(z3-5)0 =(2Y +(2)*=¢

The lengths of BF and FG are not equal, so BFGH is not a rhombus,

s M
15 107y Q(éfﬁ)

R (10, 2)
P (2 1)

X

2 4 6 8 10 12

() Pe=\(6-27°+(9-1)° =J16+64 =20
PR =(10-2 +(2-1)* =Je4+1 =e5
QR =\[(10-06)* +(2— 9)* = J16+49 =\/e5

Stince PR and &R are the same length, the triangle is isosceles,

(L) Take the base of the triangle as PR.
Let M be the midpoint of PR

M :(2+é'1+jj:(4'5)
2

2

Height of triangle is MR = Jao—4)? +(2-5)2 = J3et+ 9 =445

4 of 5 07/04/16 © MEI
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OCR AS Maths Coordinate geometry 1 Exercise

solutions
Area of triangle = £ X PR X MR

.

2

L /g0 45
=iV1iex5 [9x5
= %x4~/§x3«/§

=eX5

=30

e (i adient BA = =—
1) gradien 01

5—-0 5
2

02 . 4-0 2
(i) gradient e = _=
11—-1 5

. , 5 2
gradient BA X gradient BC = ——x— =—1, so BA and BC are
2 5

perpewd’wumr to each other,

@)  y-4=—%(x—11)
:>2g+5/(=63

(tv) Y-5=2(x+1)
=S 5Yy-2x =2+
2y+ts5x=63 (1)

“) 5Yy—2x=2 (:2)}

mult (1) X5 10y +25x =315

mult (2) x 2 104 —4 X =54

subtracting 29x =261
=xX=9.4=9
so B is the point (9, 9)

50f5 07/04/16 © MEI
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OCR AS Mathematics Coordinate geometry o

Section 1: Points and straight lines

Solutions to Exercise level 3 (Extension)

1. () Misdpoink of €F = (2 -, 5”) ~(2,2)
2 2
Midpoint of FG = (4 =) o (_3)j =(1,-1)
2 2
Midpoint of 6 = (2 +;_2) i (_3)) = (0,1)

Median from wmidpoint of EF (3, 2) to G (-2, -3)
=-35_-¢_e¢
2-32 -5 5
Equation of median (s Yy—-3=2(x—-3)

Gradient of median =

5(y—3)=eé(x-3)
5g—15=é/<—18
S(y:éX—B

Median from midpoint of FG (1, -1) to € (2, 5)
5—(-1) &

2-1 1
Equation of median is ¢y —(—1)=6&(x —1)

Gradient of median =

g-i-l:é)f—é

y=ex-3
Median from wmidpoint of €4 (0, 1) to F (4, 1)
. , 1—-1 0
Gradient of median = ===
4—-0 4

Equation of median is y=1

(1) equation of first median is 5 Yy=ex—3
Substituting x =% gives 5y =6x1-3=2-3=5
g=1

so (%,1) lies on the median.,

Bquation of second medion s y=ex—F
Substituting x =% gives y=exI—-F=8-F=1
so (%£,1) lies on the median.,

Equation of third medlan is y =1, so (£,1) lies on the median,
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OCR AS Maths Coordinate geometry 1 Exercise

solutions
2. (1) Letthetriangle be ABC.
Let A be the intersection polnt of y+3x =11 and 3y =x+3.
Yt3x=11 = y=11-3x
Substituting tnto 3y = x+3 glves 3(11 -3x) = x+3
33— 9X=x+3
30=10X

X=3
when x = 3, Y=11-3x3=2

The coordinates of A are (3, 2).

Let B be the intersection point of 3y =x+3and Fy+x=37
BYy=x+3 D x=3y-3
Substituting inte >y + x =37 glves FY+t3y-—3=37
104y =40
Y=+
When Yy = 4, x =3x4-3= 9
The coordinates of B ave (9, 4).

Let C be the intersection polnt of F 4+ x =37 and Y+zx=11
Yt3x=11 = y=11-3x
Substituting into 7y +x =37 gives F(11 —3x)+ x =37
FF-—2AUAX+ X =3F
40 =20x
X=2
When x =2, yy=11-3X2=5
The coordinates of C are (2, 5).
The vertices of the triangle are (3, 2), (9, 4) and (2, 5).

(1) A® istheline Ytsx=11 = y=11-3x
so the gradient of AB is -3.
BCistheline 3y=x+3 = y=sx+1
so the gradient of BC (s £
Gradient of AB X gradient of AC =—3x1=—1
so AB and AC ave perpendicular, and therefore the triangle is right-
angled,

(B 6.y
¢ (2 5)

B (9, 4)

A (3, 2)

X

1 2 3 4 5 6 7 8 9 10

20f5 07/04/16 © MEI
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OCR AS Maths Coordinate geometry 1 Exercise

solutions

AB=\[(3— 9 +(2—4)° =J36+4 =40

AC=(z-20+(2-5) = f1+ 9=+10
Aven of triangle = £ x AB X AC

L 4010

=1 [4J1010

$X2x10
10

3. (1) Bisthe intersection polnt of y=4x—3 and y=2x+1.

4X—3=2x+1
X =4

X =2
When x =2, Y =4x2-3=5
The coordinates of B are (2, 5).

(it) AD isparallel to BC, so AD has gradient 2,
AD passes through the polnt (3, 9).
Equation of AD is ¢y — 9=2(x—3)

Yy—9=2x-¢6
Y=24x+3

(iit) cp is parallel to A®, so CD has gradient 4,
CP passes through the polnt (7, 15).
Equation of CD is y —15 = 4(x — F)

Y15 =4x-28
Y=4x-13

(v) D is the intersection point of AP and CPb.
2X+3=4x-13

1e=2x

X =€
Whenx =8, yy=2x8+3=19

The coordinates of D ave (8, 19),

o 4+10 2+12
4. Midpoint of AB = ( , ) =)
2 2
) 10 5
Gradient of AB = —=—
& 3

2 2
Gradient of perpendicular to AB = ——
5

30f5

integralmaths.org

Y= 4x-

07/04/16 © MEI



OCR AS Maths Coordinate geometry 1 Exercise

solutions
Equation of perpendicular bisector Ls

Yy->=-2x->)
=>5Yy+3x=56
soP =(2,0) and @ (0,2
Aven of OPR =1 (%) (%) /4
=104L (~104.53) (@)

O/>

5. gradient AB =2
Equation of first line is Yy—4=-%(x-2g)
=3Yy=-5x+52

soP =(2,0) and & =(0,%2
Equation of second line s yy—1=-2(x—3)

3

2352—5/(-1-12

$
)

soR =(%,0) and s = (0, &)

So area PRSR. = aren of OPR - area of ORS
=1(2)(2)-1(2) (e)
=791 (=)

The shape is a trapezium (since PR and RS are parallel)

6. gradient AB = —2

=eqtnof ABls y-2=-%2(x-5)
=>4y=—3x+23 (1)

so gradient c> =%

=egqtnofChis y—-6==%(x-¢)
=>3y=4x-6 (2)

(Vx4 =12y =16x—-24

(RDxz=>12y=-"9x+69

subtracting = o0 =25 x— 93

= x=2%,y=2 atpolntd

F () Mispoint of AB =(4+2,5+1j=(3,3>
2 2
Midpoint of CD :(7+_1,1+5j=(3,3)
2 2
() Gradient of AB =2 = =2
4-2
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OCR AS Maths Coordinate geometry 1 Exercise
solutions
Gradient of CB = ;__:1) - _é

(ll) AB and CD cross at right-angles at thelr midpolnts, so ACBD is a
rhovabus,

(V) Length AB = (4 —2)% +(5-1)> =J4+16 =20

Length D = (F —(—1))? +(1 - 5)* =Jet +16 = /20
Aren = 120+/g0 =20
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OCR AS Mathematics Coordinate geometry o

Section 2: Circles

Solutions to Exercise level 1

1.

(©)

(it)

(LiL)

(iv)

(©)

(it)

(LiL)

(iv)

(©)

(x—of +(y—o)y =¢&°

/<2+g2:36

(x-3)+(y-1v)°=5"
X —ex+ 9ty —2y+1=25

x2+52—ex—2g=15

(x+2) +(y-5)° =17
x2+4x+4+g2—1og+25=1

x2+g2+4x—10g:—22

(x—0Y +(y+4) =3
Xyt teytie= 9
Xty rey=-7

x> +32 =100 =107
centre = (0, 0), radius = 10,

(x—2) +(g—7»)2 =16 =4
Centre = (2, #), radius = 4

2
(x+3f +(y—4) =4=2"
Centre = (-3, 4), radius = 2

(x+4) +(5+5)2 =20
centre = (-4, -5), radius =20

Xty tax-5=0

X tax+y*-5=0
(x+2f -4+4y*-5=0
(x+2+y" =29

centre = (-2, 0), radius = 3,

Mathemcotics #
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OCR AS Maths Coordinate geometry 2 Exercise
solutions
(iL) ﬁ+52—e/r+mg+20=o
X2 —ex+y*+10y+20=0
(x—3) - 9+(y+5)° -25+20=0
(k=2 +(y+5) =14
centre is (3, -5) and radius = 14

(iit) /<2+g2 —2x-3y+3=0
X —2x+y*-3y+z=0
(x—1) —1+(y-27-2+3=0
(/(—:L)2+(g—§)2 =1+2-3
(x—1)+(y-2V =%
Centre is (1,2) and radius =%.

4. Radius of civele =\(6—4)* +(3—(—2))* =4 +25 = |29
Equation of circle s (x —4)* +(y +2)* =29
X*—gX+16+ Y  +4y+4=29
Xy -gxtay=9

5. Centre of circle C is the midpoint of AB,
2+6 0+4
(225,252 02
2 2
Radius of civole is distance AC = \[(2—4)* +(0—2)* =J# + 4 =&
Equation of cirele is (x —4)* + (y- 27 =g

XP—gxt1e+ Yyt —4y+4=2

x2+32—8x—4g+1:2:0

6. (1) /<2+32—4x+ég:51
= (x-2)°+(y+3)° =e4
= centre is (2, -2), radius = g

) xX*+2y*-zx=11
The coefflelents of x2 and Y= are different, so this is not a circle.

20f3 07/04/16 © MEI
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OCR AS Maths Coordinate geometry 2 Exercise

(LiL)

(iv)

solutions
4x°+4y* =65
= X+ y° _&°
,4,
NERVE)

= centre is (0, 0), radius =
2
X +8Yy* —48x—1ey =104
:>/<2+52—éx—:23=—13
> -3Y +(y-1)=-3

so wot a civele, as wo (real) radius,
(There are no real values (x, 1) which satisfy the equation)

30f3
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OCR AS Mathematics Coordinate geometry o

Section 2: Circles
Solutions to Exercise level 2

1. O X+yi=g
Substituting in y =4—x gives x* +(4—x)* =¢
X +16—-8x+ 7 =2
2X*—8x+8=0
X —4x+4=0

(x—2)*=o0
The Line meets the civcle atJ' ust one point, so the line touches the circle
and is therefore a tangent.

iy X +g2 =25

sl e p 3x—25
Substituting in 4y =3x-25 = y=——
4
gives X+ yt=a5
. (2x-25Y
X +| ——— | =25
4
3x—25)°
x2+—( ) =25
16

16X° + 9X* —150 X + 625 =400
25 X% —150X +225 =0
X —ex+ 9=0

(x—3) =0
The line meets the circle atjust one point, so the Line touches the circle
andl is therefore a tangent,

A
R (0, 9)

c (a b

® (0, 2)

v

The wmidpoint M of @R is (0, &),

Mathematics ©
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OCR AS Maths Coordinate geometry 2 Exercise

solutions

Since a dimmeter which passes through M s perpendicular to @R, thew the line

CM must be horizontal, and therefore b = o,

Since the circle touches the x-axis, the radius of the circle must be b, L.e. &.

The equation of the civele is thevefore (x —a)* +(y —e)* =&°
The clrele passes through (0, 3), so (0—4)* +(3-6)* =6&°
a*+ 9=z3c
a* =27
a=t27 =3z
The equation of the circle is either (x —22)* + (y—ey =ze

or (,r+3\/§)2+(g—@)2 =26,

3. Xty =65

RY+AX=10 = X=10-2Y4

Substituting in: (10-24)* +y* =65
100 —40y +4y" + y* =65
EY* —40y+35 =0
Yy —gyt+#=o
(y-1)(y-F)=0
y=1ory==

When Yy =1, x=10—-2x1 =8

When Yy =7, x =10—-2XF =—4
soPis (8 1) and Ris (-4, #)

Length PR = (8 —(—4))* +(1— 7)* =144 + 36 =J1%0

4. Substituting gy =x+1 nto (x—1)* +(y+2)° = k:
(x—1)P +(x+1+2 =k
(x—1)+(x+3) =k
X2 —2x+1+ X +6x+ 9=k
2x*+4x+10-k=0

(f there are no intersections, thew &° —44c <0
a=2,b=4,c=10—k
4% —4x2(10-k) <0
16—-8(10—-k) <0
2—-(10-k)<0
2—-10+k <0
k<8

20f4
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OCR AS Maths Coordinate geometry 2 Exercise

()

(i) The angle in a semlcirele is 907, so PR must be a diawmeter.

solutions
Gradient of PR =2 & - L
5-(2) *
Gradient of QR = 7~0 =Z=_7
5—6 —1

Gradient of PR X gradient of @R = ; X—F=-1

so PR and QR are perpendicular.

(ii) since Pris a diawmeter, the centre C of the cirele is the midpoint of PR.

0]

(—:2+@ 6+0
C = ,
2

j=(2,3)

rRadius of circle = length cR= \f(é -2 +(0—-23)*

=Jte+9=Ja5=5

Equation of cirele s (x—2)* +(y —3)* =25,

,r2+g2 =17

(i) Substituting x = 4 and y = -1: x° + y* = (-4 +(1)* =16+1 =17

(i) qradient of radius OP =

(iv)

—1-0_1
—4-0 4
Tangent to circle at P is perpendicular to radius OP
so gradient of tangent = -4
Equation of tangent is 4 —(—1) = —4(x —(—4))
Yy+i=—4(x+4)
yti=—4x-16

Yrax+17=0

X+Yy=3 = y=3-x
Substituting tnto equation of cirole:
X2 H(3-x)° =17
X+ 9-—ex+ X =1F
2X*—ex—-8=0
X —3x—4=0
(x—4)(x+1)=0

X=4o0rx=—-1
when x = 4, Yy=3—4=-1

Whenx = -1, y=3—-(-1)=4
Coordinates of @ and R are (4, -1) and (-1, 4).
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OCR AS Maths Coordinate geometry 2 Exercise
solutions

(v) Tangentis YtAax+1F=0
Substituting in y =3—x gives (3—X)+4x+17 =0
20+3x=0
X=—%2
3
when x=-2, y=z3+2=2

2

Coordinates of S are (—%,ﬁ)

32

Yy=x+g '
’ g=2x2+x+e}
> A +g=2x"+x+06
= xX*+x—-2=0
> -1 (x+2)=0
=D X=L,y=90orx="2,4=12
So length PR = 3% +3°
=22
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OCR AS Mathematics Coordinate geometry 0

Section 2: Circles

Solutions to Exercise level 3 (Extension)

1. 37 +(J27) =k* = k% =306
> k=6

(5477)

w the diagram, o =60°. ,
The three polnks are spaced out equally around the a_

cirele, so the angles at the centre are 1207,
So for an equilateral triangle the vertices @ and R ave

(3.—27) and (-¢, 0).

2. (i) Mis (&6 3), and the circle has radius \4° +2° =J20.
So the equation is (x —&)* + (y —2)* =20
=X+ y*—12x-6Hy+25 =0
Y=3x—-15
(i) 5 5
Xty —12x—6y+25 =0
= X2 +(Bx—-15) —12x—6(3x—15)+25 =0
= X —12x+34 =0

10+ i34 136
- 2

—e+2
So Uis (F.41, #.24) and V is (4.59, -1.24)
LPUR Ls an angle in a sewmicirele, so LPUR = 90°

=X

+2x=5
(L) gr=s }

X2+ y*—12x-6y+25=0

= xP+(2x+5) —12x—6(2x+5)+25 =0

> x*—4x+4=0

=>((x-2)*=0

= x =2 (twice!), y=1

So Lo is a tangent to the cirele at P, and therefore ZRPR = 90",

3. For all the circles passing through P and &, the line segment PR is a chord. For
each clrele, the dimmeter through the wmidpoint of PR is a perpendicular bisector.
Therefore all centres lie along this Line,
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4. O (x-57+y* =5

OCR AS Maths Coordinate geometry 2 Exercise

solutions
Midpoint of PR Is (3, 2)
Gradient of PR =2 =%
so the gradient of the perpendicular bisector = —2

So the equation of the Line of centres is yy—2=—-2(x - 3)

:>2X+53=16

A

:>,r2+g2—10/r:0

(i) PR =152 -52

=200 =102 m

(lil)sinece @ = (a, b)

gradient CR =

a—-5
gradient @P = —
20—4
—b a-5
= =—
20—2a b

= -b*=(5-a)(20-a)

= —b* =100-25a+a"

But @ lies on the clrcle, so 4° +6° —10a =0
= 4° —-104=100—-254+4"
= 154 =100
=>a=%

400 200

2 _ 200 =
=0 =2 D 0

= b=
so@=(2,2E) and = =(2,-2E)
(iv)shape PRCR is a kite,
Area =1 (RR) (CP)
=1(=E)(15)
= 5042 wm?
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