Higher Mathematics Quest

The Circle Past Papers Unit 2 outcome 4

Multiple Choice Questions

Each correct answer in this section is worth two marks.
1. A circle has equation (x — 3)% + (y +4)% = 20.
Find the gradient of the tangent to the circle at the point (1,0).

A -2
1
B. —3
1
c. 1
D. 2
Key | Outcome | Grade | Facility | Disc. | Calculator | Content Source
C 24 C 0.43 0.77 NC G9, G2, G5 HSN 097

The contie is (3,-4).
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[END OF MULTIPLE CHOICE QUESTIONS]

Written Questions

isQal 2. Find the equation of the tangent at the point (3,4) on the circle
x> +y*+2x—4y—15=0.

xs | Uni non-calc calc calc neut Content Reference : 11
part mar M T TA/BI C [A/BlC [A/B ] Main__Additional .
Source
4 1.1 4 111 119,242
1996 P1 qu.4

+ centre = (-1,2)

N

¢ Mpadigs
. ”1]8, =2

o y-4=-2(x-3)
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Higher Mathematics Quest

sQa] 3. Find the equation of the tangent at the point (3,1) on the circle
x> +y? —4x+6y—4=0.

ks | Uni non-calc calc calc neut Content Reference : 24
part mar Mt e TA/B| C 1AMB| € |A/B | Main Additional
Source
2 5 4.
) > d 244 1991 P1 qu.8
U VROTVoN Nialch dieios e |
1

*  strat:use centre and tgt L radius
o centre=(2,-3)

* Mpdins = 4

&
-

) ""3'=_?

o y-1= ——‘—(x—-B)

wr
s

sQa] 4. Find the equation of the circle which has P(—2, —1) and Q(4,5) as the end points
of a diameter.

. . non-calc calc calc neut |  Content Reference : 24
part marks | Unit |~ 81— TA/B] C [A/B | Main Additional
Source
3 24 3 243
1995 P1 qu.9
)

o2 1}(4 - 1)2 +(5- 2)2 or equiv.

o (x-1)? +(_|/-2)2=18 or equiv.

sl 5. The point P(2,3) lies on the circle (x + 1)? + (y — 1)? = 13. Find the equation of
the tangent at P.

Part | Marks | Level | Calc. | Content Answer U20C4
4 C CN | GI1 2y +3x =12 2002 P1 Q1
ol ic: interpret centre from equ. of ol C=(-1,1)
circle o2 Mg = 3
o? ss: know to find gradient of radius o3 Mgt = —3
3 ss: know to find perp. gradient ol y-3=-3(x-2)

ot ic: state equation of tangent
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Higher Mathematics Quest

s5Qa] 6. Theline y = —1 is a tangent to a circle which passes through (0,0) and (6,0).
Find the equation of this circle.

art ks | Unit non-calc calc calc neut |  Conlent Reference : 2.4
part mar C JA/B| C [A/B| C [A/B | Main Additional
Source
6 24 1 5 243 0.1
1996 P1 qu.20

1 N . y "
* sketch with point of con. =(3,-1) OR o (.\--3)2 +(y-k) = r OR o ket with point of con P =(3,-1)
o2 Centre C=(3,5) [ Y F ey ragr ey ecn0
& cot-ap? S (x=3) o1~k = r® has =’ ruon d @Dmcm0
ot y=4 ¢ reduceto 52 ~6x4(2k +1) o 6.0 =2g=-3

L S

3 L = IS T | ¢ (3-No=fa-d
¥ mdRsss ¢ 2 3 ¢ Pyt —6x-By=0

3 o {x-3) (y-4) =25 y —6x-3y

o (x=3) #{y-4fF =25

- e P . o~ . — e smme 4 e - -

(sQa] 7. Find the possible values of k for which the line x — y = k is a tangent to the circle

x? + 1% = 18.
X Uni non-calc calc calc neut Conlent Reference : 2.4
part marks | Unit === Ta/81 C [A/B.|_ Main Additional
Source
. 5 2.4 2 | a 244 1989 P1 qu.18
_—;————_—-————L—-—————

S 4 +{x-k)? =18

2 2
o 2x" -2kx+k” -18=0
" strak: ”b2 —4ac” =0
o (-2 -42(¥" -18)

" k=16

(sQal 8. For what range of values of k does the equation x2 +y? + 4kx —2ky —k—2 = 0
represent a circle?

Part | Marks | Level | Calc. | Content Answer U20C4
5 A NC | G9, A17 for all k 2000 P1 Q6
! ss: know to examine radius ol ¢ =2k f=—-kc=-k-2
2 pd: process stated or implied by o>
3 pd: process o2 12 =5k>+k+2
ot ic: interpret quadratic inequation o> (real r =) 5k* + k + 2 > 0 (accept >)
¢° ic: interpret quadratic inequation o* use discr. or complete sq. or diff.
° true for all k
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sQal 9. Explain why the equation x? +y2 + 2x + 3y + 5 = 0 does not represent a circle.

. . non-cale calc calcneut |  Content Relerence : 2.4
part marks | Unit &5 "¢ TA/B| C [A/B | _Main _Additional
Source
. 2 24 2 242 1993 P1 qu.18

ol 32 +f2 —C=—1%—

o r= —l—:» which is not possible

sQal  10. For what range of values of ¢ does the equation x? + % — 6x +4y -+ ¢ = 0 represent

a circle?
. non-calc calc calc neut Content Reference : 2.4
part marks | Unit [~ T 55T = T A75] € [A/B |_ Main_Additional
Source
3 24 2 |1 242
1997 P1 qu.14

o g2+f2—c>0
® r2=9+4—c

3 c<13




Higher Mathematics

[5QA]

radius 2v/2.

(a) (i) Show that the radius of circle P is 4/2.

(i) Hence show that circles P and Q touch.

Quest

11. Circle P has equation x2 + y? — 8x — 10y + 9 = 0. Circle Q has centre (-2, —1) and

(b) Find the equation of the tangent to the circle Q at the point (—4,1).

(c) The tangent in (b) intersects circle P in two points. Find the x-coordinates of

the points of intersection, expressing you answers in the form a + bv/3.

Part | Marks | Level | Calc. | Content Answer U2 0C4
(a) 2 C CN | G9 proof 2001 P1 Q11
(a) 2 A/B | CN | Gl4
(b) 3 C CN | Gl11 y=x+5
(©) 3 C CN | G12 x=2+2V3

ol ic: interpret centre of circle (P) ol Cp= (4,5)

o2 ss: find radius of circle (P) o2 1p=16+25—-9 = 32=4V2

o3 ss:  find sum of radii o3 1p + rQ = 42 +22 =62

o pd: compare with distance between ot CpCq = V62+62 = 6v2 and “so
centres touch”

o> ss: find gradient of radius © m =—1

o0 ss: usemymy = 1 of mg = +1

o’ ic: state equation of tangent Ty—-1=1(x+4)

o8 ss: substitute linear into circle o8 X2+ (x+5)%?—-8x—10(x+5)+9=0

o’ pd: express in standard form o 2x2 —8x—-16=0

!0 pd: solve (quadratic) equation o0 x=2+23
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Higher Mathematics Quest
seal 12, (a) Find the equation of AB, the
perpendicular bisector of the line ¥t Q(1,9)
joing the points P(-3,1) and
Q(1,9).
A
(b) C is the centre of a circle passing
through P and Q. Given that QC is C
parallel to the y-axis, determine the
equation of the circle.
(c) The tangents at P and Q intersect at p (=3,1) 0O B
Write down
(i) the equation of the tangent at Q
(ii) the coordinates of T.

Part | Marks | Level | Calc. | Content Answer U2 OC4
(a) 4 C | CN |G7 Xx+2y=9 2000 P2 Q2
(b) 3 C CN [GI10 (x—1)+(y—4)*=25
©) 2 C | CN | GI1,G8 @)y =9, ) T(-9,9)

o! ss: know to use midpoint ! midpoint = (-1,5)
o2 pd: process gradient of PQ o’ mpq = 1_9(__11)
o® ss: know how to find perp. gradient o my=-1
o* ic: state equ. of line of y—5="L(x—(-1))
.2 ic:  interpret “parallel to y-axis” o5 yc =4 stated or implied by o’
07 Pd: process rad1u§ o¢ radius = 5 or equiv.

ic: state equ. of circle stated or implied by ¢

7 2 2
o8 ic: interpret diagram o (-1 4y 47 =25
o’ ss: know to use equ. of AB o y=—9
o’ T=(-9,9)

Page 6
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Higher Mathematics

13.

Find the equation of the circle with centre (=3, 4)
and passing through the origin.

Quest

"
o r’=25

stated or implied by »°.

o (x+3) +(y—4)2 =25

rt ks | Unit non-calc calc calc neut Content Reference : 24
part ma ! C JA/B| C [A/B| C |A/B | Main Additional
Source
2 24 2 243
1999 P1 qu.4

e ————————e

14.  The circle shown has equation

1nr

¥
2 2
(x-3)° +(y+2)° =25. (6,2)
Find the equation of the tangent at the point (6, 2). /
0O \?'
L ]
. non-cal¢ calc calc neut Content Reference : 2.4
part marks | Unit 1—==75 A/B] C [A/B1 Main _Additional
Source
24 4 244 1998 P1 qu.4

Centre = (3,-2
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Higher Mathematics Quest
15. The straightline ¥ = X cuts the circle o o
2 +y* —6x—2y-24=0 atAand B. X
(a) Find the coordinates of A and B.
(b) Find the equation of the circle which has AB as diameter.
Y
B
¢ X Unit non-calc calc calc nent Content Reference : 54
part marxs | Uni C [A/Bl C [A/B| C VA/B| Main _Additional
(@) 3 24 3 244 Source
®) 3 24 3 243 1994 P1 qu.8
o e -6x-2-u4=0 o o centreis (2,2)
R
o? (x+2Kx-6)=0 o radius is ¥32 or equivalent
6 2
& (-2,-2) and (6,6) (-2 +(y-2f =32
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Higher Mathematics

16.

Diagram 1 shows a circle with equation

X+ y2 +10x -2y —14=0 and a straight line, L,
with equation y=2x+1.

The line intersects the circle at A and B.

(@) Find the coordinates of the points A and B.

(b) Diagram 2 shows a second line, / 2 which
passes through the centre of the circle, C,
and is at right angles to line Il.

(i) Write down the coordinates of C.
(ii) Find the equation of the line 12.

x4

(L

¥

)

Quest
g
Diagram 1
7 x
&)
(it
Diagram 2
L
by 1
3)

» . non-calc calc calc ncut Content Reference :

part marks | Unit = rrp T TR 1 C [AB | Main _ Additional 24
(@ 5 24 5 244 Source
i 1 24 i 242 1997 Paper 2
B)i 3 L1 3 1.1.10 1.1.7 Qu.1
@ ' know to substitute

2 correct substitution

d a “quadratic” = 0

o x=3,1

. y—-53

6
& Mdiameter = 2

Mperpendicular =~ ']f
. centre = (-1, - 1)

*  equation: y+1=-3(x+1)




(SQA]

[5QA]

Higher Mathematics

Quest
17. ABisatangentatB to the circle with centre C and Y A
equation (x-— 2%+ (y- 2)2 =25. 8
The point A has co-ordinates (10, 8).
Find the area of triangle ABC.
Ce
NEZ
. non-cale calc calc neut Content Reiference :
part marks | Unit —~T R T="TRTC [A/B | Main Additional 24
Source
. 5 24 5 241 112,01
1992 P1 qu.16

»  strat: ie find AC then AB

" centre=(2,2) and radius=5
" AC=10

o' AB=+75 units

" arca= -722\5 square units

18. The circle shown in the diagram has equation
(-1 +(y-1) =5.

Tangents are drawn at the points (3, 2) and (2, -1).

Write down the coordinates of the centre of the circle and
hence show that the tangents are perpendicular to cach other.

—~e

4
o -2x }=-l1=stgtsare L .

State tangents L to radii

rt marks | Unit non-calc calc calc neut Content Reference : 24
pa C [A/B| C JA/B] C [A/B | Main__Additional
Source
4 24 4 241 119
1994 P1 qu.5
1
. centre=(1,1) o centre=(1,1)
2 —
¢ mradii=%r -2 OR o r=~’§' d =10
3 - s
' mgs=-2, § @ Show ACB=9%0
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Higher Mathematics

19. (@) Thediagram shows a circle, centre P, with equation
x +y2 +6x+4y+8=0.

circle.

Find the equation of the tangent at the point A(-1, -1) on the \

Quest

(b) The tangent crosses the y-axis at B, pe
Find the coordinates of B.

()  Another circle, centre P, is drawn passing through B. The tangent
at A meets the second circle at the point C, as shown in the
diagram.

Write down the coordinates of C. /

(d) Find the equation of the circle with BC as diameter.

=y

non-cal ¢ neut Content Reference :
part marks | Unit — O ccali.zn ccall A/B M:intL Additional 2.4
@ 4 24 4 242 119 Source
® 1 0.1 1 0.1 1999 Paper 2
© 1 0.1 1 0.1 Qu.2
(d 2 24 2 244

(@) o' centre = (-3,~2)
Mipag =%
Mgy =2

o y—(-1)=-2x~(-1)
® o B=(0,-3)
© & c=(21)

@ 7 25
. (x+1)z+(y+l)2=5
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Higher Mathematics

20. Inan experiment with a ripple tank, a

series of concentric circles with centre
C(4,-1) is formed as shown in the
diagram.

The line I with equation y=2x+6
represents a barrier placed in the tank.
The largest complete circle touches the
barrier at the point T.

Quest

y A l

(@) Find the equation of the radius CT. (3)
(b} Find the equation of the largest complete circle. (5)
. non-calc calc calcneut | Content Reference :
part marks | Unit "= TA/B € [A/B] C [A/B] Main Additional 2.4
S N
@ 3 11 3 119, 117 1993 ;a'; er2
®» s 24 5 243 ous

(a) 0] m = 2

L] ", =~

Nl

S y+1 =—-.Ll,-(x—4)

o (x~4)2 +(y+l)2 =

C (x-aP (2247 =1t

o 5y 4200+ (65-r%)=0
o A=400-4x5(65-72)=0
T




Higher Mathematics

sQa]  21. (@) Inthe diagram, A is the point (~1, I), Bis (3, 3) and C is (6, 2). The
perpendicular bisector of AB has equation y+2x = 4. Find the equation
of the perpendicular bisector of BC.

vy

X

B(@3, 3)

C(6, 2)

y+2x=4

(b) Find the centre and the equation of the circle which passes through A, B

and C.

. non-calc calc calc neut Content Reference : 2
part marks | Unit =51 = Ta/B 1 C [A/B | Main_Additional 4
S() 0
@ 4 11 4 119, 1.17 1991 ;’:;er )
b) 6 24 6 243, 1.1.2
¢ Qu.2

@ o mpe=-1
e my = 3
** midpointyc =(3.3)

*y-3=3x-3)

® & y-3x=-11

o using y-3x=-~11 and y+2x
SRR
J =25

(x- 3 +(y12* =25

=4

*  perp. bisector passes thr’ centre stated explicitly

(4)

(6)
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Higher Mathematics

22. Two identical circles touch at the point P (9, 3) as

shown in the diagram. One of the circles has equation

2% +y? -10x— 4y +12=0.

Find the equation of the other circle.

¥ 3

Q@ﬁt

P®©,3)

TN

Yy

non-cale

cale

calc neut

part marks { Unit

A/B

A/B

C

A/B

Content Reference :
Main __ Additional

24

5 24

o]

24.2 (3.1.6)

Source

1997 P1 qu.12

G =(52)
» Gy =(13,4)
. radius = 17

o°  use P as midpoint of C;Cy

.o~

¢ (x-13)P+(y-4) =17

23. This diagram shows a computer-generated display of
a game of noughts and crosses.

Relative to the coordinate axes which have been
added to the display, the “nought” at A is represented

by a circle with equation (x- 2)2 + (y~2)2 = 4.

(2) Find the contre of the circle at B,
(b) Find the equation of the circle at B.

{1 SOONERRRVEIG SFUUEpUPRPRPUI W

. non-calc calc calc neut Content Reterence : 2
part marks | Unit [—=—Tp A/Bl C T A/B | Main__ Additional 4
@ 3 24 3 241 Saurce
® 1 24 1 243 1993 P1 qu.5

o radiusg =2
o centrey =(2,2)
o”  centreg =(10,6)

. (x—]0)2+(y—6)1=4
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sQal 24. bakery firm makes gingerbread men each 14cm high witha v?

circular “head” and “body”. ———
The cquation of the “body” is x° +y°10x—12y+45=0 and the

line of centres is parallel to the y-axis. Find the equation of the 14
“head”.

O x

. non-calc calc calc neut Content Reference :
part marks | Unit =TT~ TA75] C [A/B | Main_Additional 24
Source
5 24 5 242 243
1990 P1 qu.7

»  centre of body =(5,6)
¢ radius of body = 4

*”  radius of head =3

o centre of head = (5,13)
S @5 +(y-13)° =9




Higher Mathematics

Quest

5QA]  25. When newspapers were printed by lithograph, the newsprint had to run over
three rollers, illustrated in the diagram by three circles. The centres A, B and C of

the three circles are collinear.

v

The equations of the circumferences of the outer circles arc

(x+12)% +(y+15)* =25 and (x - 24) + (y - 12)° = 100.
Find the equation of the central circle.

(8)

non-calc calc calc neut Content Reference :

part marks | Unit =8 T T8 € [A/B | Main_Additional 31
Source

- 8 31 8 241, 243,316 1995 Paper 2
Qu.s

(o (~12,-15) and (24,12)
*" radii are5and 10
e~ AC=45
" radius=15

. B divides AC in ratio 4:5

-) — -
* OB= %[400 SOA] stated or implied

7 6=yl

. (3:-—4)24-(y+3)2='152
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26. The shape shown in the diagram is composed
of 3 semicircles with centres A, B and C which
lie on a straight line.

DE is a diameter of one of the semicircles. The
coordinates of D and E are (-1, 2) and (2, 4).

(a) Find the equation of the circle with
centre A and diameter DE.

Quest

The circle with centre B and diameter EF has equation X2+ y2 ~16x-16y+76=0.

(b) (i) Write down the coordinates of B.
(i) Determine the coordinates of F and C.

(¢) Inthe diagram the perimeter of the shape is represented by the thick black line.

Show that the perimeter is 5713 units.

or x2+y2—x—6y+6—0

® o B(8,8)
*” F (14,12)
* < (3]

(€ o 1aDF+1nDE+LnEF
© 1nDF=3r13 OR }nEF=2nJ13
o 2nf13+1nV13+20\13

K Unit non-calc calc calc neut Content Reference : 2.4
part marks | Um c JaB |l c |aB]l c {am | Man Additional

(@) 3 24 3 243 Source

®» 3 24 3 242&3.1.6 1998 Paper 2
© 3 0.1 3 | o1 Qu. 6

1
@ o - (.% ,3)
o r2=%+1 or d2=13

(3)

(3)

(3)
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isQal  27. A spherical hot-air balloon has  EEEE] v

radius 30 feet. Cables join the
balloon to the gondola which is
cylindrical with diameter 6
feet and height 4 feet. The top
of the gondola is 16 feet below
the bottom of the balloon.

'x

Co-ordinale axes are chosen as shown in the
diagram. One of the cables is represented by PB
and PBA is a straight line.

(@) Find the equation of the cable PB.
(b) State the equation of the circle representing the
balloon. A (m
(¢) Prove that this cable is a tangent to the balloon 6
and find the co-ordinates of the point P. (5)

18 3)

. non-calc cale calc neut Content Reference :

part marks | Unit =T o R T="TA7B [ € JA/B | Main Additional 2.4

@ 3 1.1 3 111, 117 Source

®» 1 24 1 24.3 1992 Paper 2
2

© 5 24 3| 244 Qu.9

(@ <} Strategy: know to find m
¢ m=4

. y+46=%(x-—3)

3
(1 N . y~ =900 or equivalent

(© 3 Strategy: know to substitute
2
¢ 2 (4x-50)" =900
. (x - 24) or evaluate the discriminant

+”  communication relating to tangency
o7 (24,-18)
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[sQal  28. A sports club awards trophies in the form of

paperweights bearing the club crest.

Diagram 1 shows the front view of one of these
paperweights. Each is made from two different
types of glass. The two circles are concentric and
the base line is a tangent to the inner circle. Diagram 1

(a) Relative to x, y coordinate axes, the equation of the outer circle is
X+ y2 —8x +2y —19 =0 and the equation of the base line is y = -6.

Show that the equation of the inner circle is X+ yz -8x+2y-8=0. (4)

(b) An alternative form of the paperweight
is made by cutting off a piece of glass
from the original design along a second
line with equation 3x -4y +9=0 as
shown in diagram 2.

Show that this line is a tangent to the

inner circle and state the coordinates of
the point of contact.

7

: ks | Unit non-calc calc calcneut | Content Reference:

part mar nt C J|a/B | C [A/B| C [A/B | Main Additional 24
Source

(a) 4 24 4 24.3 1990 P aper 2

({3} 7 24 3 4 24.4 Qu.8

@ o centre=(4,-1)
® inner radius = 5
o (x—4)2+(y+1)2=25

¢ completing argument

®» e.g. x=—‘§y—3

2
< (4y-3) +y*-84y-3)+2y-8=0
. %y2—8y+9+y2—%y+24+2y—8
$ Yl oey+9=0
o eg (y-3)y-3)=0

equal roots = line is a tangent

1,3

Page 19
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[5QA]  29. A penny-farthing bicycle on display
in a museum is supported by a
stand at points A and C. A and Clie
on the front wheel.

With coordinate axes as shown and
1 unit = 5cm, the equation of the
rear wheel (the small wheel) is
x2+y2-—6y=0 and

the equation of the front wheel is

2% +y? - 28x - 20y +196 =0.

(@) () Find the distance between the centres of the two wheels.
(ii) Hence calculate the clearance, i.e. the smallest gap, between the front
and rear wheels. Give your answer to the nearest millimetre. (8)

(b) B(7,3)is half-way between A and C, and P is the centre of the front wheel.
(i)  Find the gradient of PB.

(ii) Hence find the equation of AC and the coordinates of A and C. (8
. non-calc calc calcneut | Content Reference :
part marks | Unit =778 | C [A/B C [A/B | Main Additional 24
Source
® 8 1.1 8 111, 119,244 Qud
1 9
(@ * centre(0,3) ) * mpp =1
2 centre (14, 10) 10
3 ° mac=-1
+”  distance between centres = ¥245
n
' radius=3 © y-3=-(x-7) forAC
< radius =10 2 strategy: substitute
.8 strategy (clearance = distance between s substituting correctly
centres minus sum of radii) WM eg 2x% - 28x+96 -0
7
© V245-13 o x=6, 8 (or y=2,4)
¢ 133mmor equivalent o6

(6,4) and (8,2)

[END OF WRITTEN QUESTIONS]
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