16. COORDINATE GECMETRY

16A.6 HKDSE MA 2017-1-6

The coordinates of the points A and Bare ( 3,4) and (9, 9) respectively. A is rotated anticlockwise about

. the origin through 90° to A”. B’ is the reflection image of B with respect to the x-axis.
16 Coordinate Geometry e . i *

(a) Write down the coordinates of A’ and B'.
(b) Prove that AB is perpendicular to A’B’.

16A Transformation in the rectangular coordinate plane

16A.1 HKCEE MA 2006 ~1-7 A(=2,7)
In the figure, the coordinates of the points A and B are (~2,7) ’
and (~35,5) respectively. A is rotated clockwise about the origin B(:S 5)
O through 90° to A”. B’ is the reflection image of B with respect ’
to the y-axis.
(a) Write down the coordinates of A’ and B'.
X

(b) Are the lengths of AB and A’B’ equal? Explain your answer. [4]

|
16A.2 HKCEE MA 2009-1-9

Y2

In the figure, the coordinates of the points A and B are
(~1,-2) and (5,2) respectively. A is translated vertically Bx
upward by 6 units to A”. B’ is the reflection image of B with
respect to the y axis.
(a) Write down the coordinates of A’ and B'. 0

(b) Is AB parallel to A’B'? Explain your answer. Ax

16A.3 HKCEEMA?2011 I 8

The coordinates of the point A are (—4,6). A is rotated anticlockwise about the origin O through 90° w0 B.
M is the mid-point of AB.

(a) Find the coordinates of M.

(b) Is oM perpéndicular to AB? Explain your answer.

16A.4 HKDSEMA SP—1-8 y
A(~2,5)x

In the figure, the coordinates of the point A are (—2,5). A is rotated
clockwise about the origin O through 90° to A’. A” is the reflection image
of A with respect to the y-axis.

(a) Write down the coordinates of A’ and A”.

(b) Is OA” perpendicular to AA’? Explain your answer. 0

16A.5S HKDSE MA 2014 I1-8

The coordinates of the points P and Q are (—3,5) and (2, ~7) respectively. P is rotated anticlockwise about
the origin O through 270° to P'. Q is translated leftwards by 21 units to Q.

(a) Write down the coordinates of P and {'.
(b) Prove that PQ is perpendicular to P'Q’.
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16B Straight lines in the rectangular coordinate plane

16B.1 HKCEE MA 1992 -

Ly is the line passing through the point A(10, 5) and perpendicular to the line L :x—~2y+5=0.
(a) Find the equation of ;.

(b) Find the intersection point of L, and Lj.

16B.2 HKCEE MA 1998 1-8

A(0,4) and B(—2,1) are two points.

(a) Find the slope of AB.

(b) Find the equation of the line passing through (1,3) and perpendicular to AB.

16B.3 HKCEEMA 1999 I-10 .
In the figure, A(—8,8) and B(16, 4) are two points. The £
perpendicular bisector £ of the line segment AB cuts ABat A \

M and the x axis at P.

(a) Find the equation of £.
(b) Find the length of BP.
(c) If N is the mid point of AP, find the length of MN.

16B.4 HKCEE MA 2000—-1-9

Let L be the straight line passing through ( 4,4) and (6,0).
(a) Find the slope of L.

(b) Find the equation of L.

(¢) If Lintersects the y axis atC, find the coordinates of C.

16B.5 HKCEEMA 2001 -1 7 4
Two points A and B are marked in the figure.

(a) Write down the coordinates of A and B. A
(b) Find the equation of the straight line joining A and B.

o .

H

[+

o= EPCEE [

16B.6 HKCEE MA 2002 -1-8 y
Inthe figure, the straight line L:x 2y+8=0 cuts the coordinate

axes at Aand B. /
(2) Find the coordinates of A and B. B
(b) Find the coordinates of the mid-point of AB.

187

16. COORDINATE GEOMETRY

16B.7 HKCEEMA2003-1 12
Inthe figure, AP is an altitude of the triangle ABC. It cuts the y-axis at H.
(2) Find the slope of BC. €(0,3)
(b) Find the equation of AP.

(c) (i) Find the coordinates of H.

(ii) Prove that the three altitudes of the triangle ABC pass through
the same point.

H,
%

A( 1,0) O

16B.8 HKCEE MA 2004 -1-13
In the figure, ABCD is a thombus. The diagonals AC and
BD cutatE.
(a) Find
(i) the coordinates of &,
(if) the equation of BD.
(b) It is given that the equation of AD is x+7y—65=0.
Find
(i) the equation of BC,
(ii) the length of AB.

Yy

16B.9 HKCEEMA 2005 I-13

In the figure, the straightline Lj :2x—y+4 =0 cuts the x-axis and the y axis at A and B respectively. The
straight line Ly, passing through B and perpendicular to L, cuts the x-axis atC. From the origin O, a straight

line perpendicular to L3 is drawn to meet L at D. y
(2) Write down the coordinates of A and B. L
(b) Find the equation of L.
(c) Find the ratio of the area of AODC to the L
area of quadrilateral OABD. } 5
A c -
) ~~
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16B.10 HKCEEMA2006 I-12
In the figure, CM is the perpendicular bisector of AB, where C and M are points lying on the x axis and AB
respectively. BD and CM intersect at K.
(a) Write down the coordinates of M. ¥ B(12,8)
(b) Find the equation of CM. Hence, or otherwise, find ‘ 7
the coordinates of C.
(¢) (i) Find the equation of BD.
(i) Using the result of (c)(i), find the coordinates
of K. Hence find the ratio of the area of
AAMC tothe area of AAKC.

ace0) oo ¢

16B.11 HKCEE MA2007-1-13 y
In the figure, the perpendicular from B to AC meets AC at D.

Itis given that AB = AC andtheslopeot‘ABis-?. D
(a) Find the equation of AB.

(b) Find the value of .

(c) @ Write down the value of k [
(ii) Find the area of AABC. Hence, or otherwise, find
the length of BD. C(k,3) B(10,3)

Al4,h)

16B.12 HKCEEMA 2008 ~1—12
In the figure, the coordinates of the point A are (4,3). A is rotated %
anticlockwise about the origin O through 90° to B. C is the reflection
image of A with respect to the x axis. xA(4,3)
(a) Write down the coordinates of B and C.
(b) Are O, B and C collinear? Explain your answer. x
(c) Ais translated horizontally to D such that ZBCD = 90°. Find the
equation of the straight line passing through C and D. Hence, or
otherwise, find the coordinates of D.

16B.13 HKCEEMA 2010 I1-12
In the figure, the straight line passing thmugh A and B is perpendicular to the straight line passing through A
and C, where C isa point lying on the x-axis. Y,
(a) Find the equation of the straight line passing

through A and B. A(6,24)
(b) Find the coordinates of C.

B(-2,18
(¢) Find the area of AABC. ( /
(d) A straight line passing through A cuts the line

segment BC at D such that the area of AABD is
90 square units. Let BD : DC = r : 1. Find the
value of r.

16. COORDINATE GEOMETRY

16B.14 HKCEEAM 1982 I 2

Find the ratio in which the line segment joining A(3,—1) and B(—1,1) is divided by the straight line
x=y—=1=0.

16B.15 HKCEE AM 198211 —10

(a) Thelines 3x 2y~8=0 and x y-2=0 meetata point P. L} and L, are lines passing through P
and having slopes % and 2 respectively. Find their equations.

(b) [Out of syllabus]

16B.16 (HKCEEAM 1985 11-10)
A(0,2), B(—3,0) and C(1,0) are the vertices of a triangle. PQRS is a variable rectangle inscribed in the
triangle with PQ on the x-axis, R on AC and S on AB, as shown in the figure. Let the length of PSbe k.
(@) Find the coordinates of S and R in terms of A. yA(O 2)
(b) Let A, be the area of PQRS when itis a square, A> be A
the maximum possible area of rectangle PORS, and
A3 be the area of AABC. Find the ratios Ay : Ay : As. S R
(c) The centre of PQRS is the point M (x,y). ]\
Q

Express x and y in terms of h. h
Hence showthat M lieson the line x —y+1=0.

B(-3,00 P o \(1,0)1

16B.17 (HKCEE AM 1984 II-4)

The area of the triangle bounded by the two lines L) : x+y =4 and L;: x—y=2p and the y-axis is 9.
(a) Find the coordinates of the point of intersection of L; and L3 in terms of p.

(b) Hence, find the possible value(s) of p.

16B.18 HKCEE AM 1988 — 11 -2

A and B are the points (1,2) and (7, 4) respectively. P is a point on the line segment AB such that ;‘?;- =k

(a) Write down the coordinates of P in terins of k.
(b) Hence find the ratio in which the line 7x—3y 28 =0 divides the line segment AB.

16B.19 HKCEE AM 1990-11 -7

In the figure, A(3,0), B(0,5) and C(0, 1) are three points and
O is the origin. D is a point on AB such that the area of
ABCD equals half of the area of AOAB. Find the equation
of the line CD.

)
o




16B20 (HKCEEAM 1996 II 8

Given two straight lines L;: 2x—y—4 =0 and Ly : x—2y+4 = 0. Find the equation of the straight Jine
passing through the origin and the point of intersection of Lj and L;.

16B.21 (HKCEE AM 1998 -1l - 5)

Two lines Lj : 2x+y~3 =0 and L : x—3y+ 1= 0 intersectat a point P.
(a) Find the coordinates of P.
(b) Lis a line passing through P and the origin. Find the equation of L.

16B.22 HKCEE AM 2005 6 ¥y

The figure shows the line L; : 2x+y —6 = 0 intersecting the x axis at point P. Ly

(a) Let 6 be the acute angle between L; and the x axis. Find tan6.

(b) Lzisa line with positive slope passing through the origin O. If ; intersects
L; ata point Q such that OP = 0Q, find the equation of ;.

(Candidates can use the formula tan26 = I—z‘—:;g-a.) Q
6\ P
X
0]

L

16B.23 (HKCEE AM 2009 3)

Given two straight lines L; : x—3y+7 =0 and L;: 3x—y~ 11 = 0. Find the equation of the straight line
passing through the point (2, 1) and the point of intersection of L; and Ls.

16B.24 HKCEE AM2010_6

Two straight lines Ly:x 2y+3=0 and Ly:2x—y 1=0 intersect at a point P. If L is a straight line
passing through P and with equal positive intercepts, find the equation of L.
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16C Circles in the rectangular coordinate plane
16C.1 HKCEEMA 1980(1/3D~B-15

The circle x?+y* —10x+8y+16 =0 cuts the x axis atA and B yI

and touches the y-axis at 7 as shown in the figure. C

(a) Find the coordinates of A, Band T. i 7\3

(b) Cis apoint onthe circle such that AC//TB. 0O %
(i) Find the equation of AC. 7
(i) Find the coordinates of C by solving simultaneously T

the equation of AC and the equation of the given circle.

16C.2 HKCEE MA 1981(1/3) I-13

Figure (1) shows a circle of radius 15 with centre at the origin O. The line TP, of slope % (=tan @), touches
the circle at T and cuts the x axis at P,

(a) Find the equation of the circle.

(b) Calculate the Iength of OP.

(c) Find the equation of the line TP.

Another circle, with centre C and radius 15, is drawn to touch TP at P (see Figure (2)).

(d) Find the equation of the line OC.

(e) Find the equation of the circle with centre C.

b Y
'\ .C
X / z \ \ x
0 P 0 P
T
/
Figure (1 / Figure (2)
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16C.3 HKCEE MA 1982(1)-1-13

In the figure, C is the circle x2+4)%—14y+40= 0 and Lis the line 4x —3y—4 =0.
(a) Find the radius and the coordinates of the centre of the b4
circle C. v
(b) Theline L' passes through the centre of the circle C and C L

is perpendicular to the givenline L. Find the equation
of the ine L'.

(c) Find the coordinates of the point of intersection of the
line L and the line L'.

(d) Hence, or otherwise, find the shortestdistance between
the circle C and the line L. 4t

16C4 HKCEE MA 1983(A/B)~1 9

In the figure, O is the origin and A is the point (8,2).

(a) Bis a point onthe x-axis such that the slope of AB is 1. \
Find the coordinates of B.

(b) C is another point on the x-axis such that AB = AC. Find
the coordinates of C.

(¢) Find the equation of the straight line AC. If the line AC
cuts the y-axis at D, find the coordinates of D.

(d) Find the equation of the circle passing through the points A(8,2)
O, Band D. Show that this circle passes through A.

—fo— — A= —x

16C.5 HKCEE MA 1984(A/B) - 1-9

LetLbe theline y =k x (k being a constant) and C be the circle 24y =4
(a) IfL meets C at exactly one point, find the two values of k.
(b) If Lintersects C at the points A(2,0) and B,

(i) find the value of k and the coordinates of B;

(ii) find the equation of the circle with AB as diameter.

16C.6 HKCEE MA 1985(A/B)-1-9
In the figure, A(2,0) and B(7,5) are the end-points of a diameter of the
circle. P 1s a point on AB such that g:%
(a) Find the equation of the circle.
(b) Find the coordinates of P.
(c) The chord HPK is perpendicular to AB.
(i) Find the equation of HPK.
(i) Find the coordinates of H and K.

16. COORDINATE GEOMETRY

16C.7 HKCEE MA 1986(A/B)-1-8

Theline y x—6=0 cuts the circle x*>+y?—6x—8y =0 at the points B and C as shown in the figure.
The circle cuts the x-axis at the origin O and the point A; it also cuts the y axis at D.
(a) Find the coordinates of B and C. y
(b) Find the coordinates of A and D.

(c) Find ZADO, ZABO and ZACO, correct to the nearest degree.

(d) Findthe area of AACO.

B
D

16C.8 HKCEE MA 1987(A/B) -1 -8

In the figure, O is the origin. A and B are the points (-2, 0) and (4,0) respectively. £ is a straight line through
A with slope 1. C is a point on £ such that CO = CB.

Yy
(a) Find the equation of £. T

o/t
(b) Find the coordinates of C.
(c) Find the equation of the circle passing through O, B and C.
(d) If the circle OBC cuts £ again at D, find the coordinates of D.
A(-2,0)
4 o B(4,0) *

|

16C.9 HKCEE MA 1988 ~1-7

In the figure, the cirde C has equation x%+3* —4x+10y+ k=0, where kis i
a constant. 0
{a) Find the coordinates of the centre of C.

(b) If C touches the y axis, find the radius of C and the value of k.
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16C.10 HKCEEMA 1989 —1-8
Let E be the centre of the circle ‘3’1:x2+y2 2x—4y—20=0. The Jine £:x+7y—40=0 cuts %, at the
points P and Q as shown in the figure.

(a) Find the coordinates of E.

(b) Find the coordinates of P and O P

{(c) Find the equation of the circle ¥, with PQ as diameter. Q

(d) Show that % passes through £. Hence, or otherwise,
of *
~_/ig,

¥

find ZEPQ.

16C.11 HKCEEMA 1990 I1-8
Let (C)) be the circle x*+y? —2x+6y+ 1=0 and A be the point (5,0).
(a) Find the coordinates of the centre and the radius of (Cy).
(b} Find the distance between the centre of (C;) and A.
Hence determine whether A lies inside, outside or on (C;).
(¢) Let sbe the shortest distance from A to (Cy).
(i) Finds.
(i) Another circle (Cy) has centre A and radius . Find its equation.
(d) A line touches the above two circles (C;) and (C,) at two distinct points E and £ respectively.

Draw a rough diagram to show this information.
Find the length of EF.

16C.12 HKCEE MA 1991 —1-9
In the figure, thecirde S:x*+y*—4x—2y+4=0 withcentre L
C touches the x axis at A. Theline L:y=mx, wheremisa

non-zero constant, passes through the origin O and touches §
atB.

(a) Find the coordinates of C and A. B
(®) Show that m= f;-.
(¢) (i) Explainwhy the four points O, A, C, B are concyclic. \

(i) Find the equation of the circle passing through these
four points.
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16C.13 HKCEEMA 1992-1-13

In the figure, the line £ :y = mx passes : E
through the origin and intersects the circle
2 4y2—18x~14y+105=0 at two dis-
tinct pOintSA(xl sYl) and B(&:J’Z)'

2+y?—18x—14y+105=0

o ’

(a) Find the coordinates of the centre C and the radius of the circle.

105
(b) By substituting y =smx into x2+4y? 18x— 14y+ 105 = 0, show that =1 s

(c) Expressthe length of OA in terms of m and x; and the length of OB in terms of m and x5.
Hence find the value of the product of OA and OB. :
(d) If the perpendicular distance between the line £ and the centre Cis 3, find the lengths of AB and OA.

16C.14 HKCEEMA1003 1-% -
In the figure, L, is the line passing through A(0,7) and B(10,2); L, is the line passing through C(4,0) and
perpendicular to Ly; L) and L, meet at D.
(a) Find the equation of L;.
(b) Find the equation of L; and the coordinates of D.
(c) Pis apoint onthe line segment AB such that AP : PB =k : 1. Find the coordinates of P in terras of k.
If P lies on the drde (x—4)%+y* = 30, show y
that 22 —16k+7=0......... .
Find the roots of equation (¥). N
Furthermore, if P lies between A and D, find the A(0.7)

AP
value of 75

/%

1%



16C.15 HKCEE MA 1994 1-12

The figure shows two circles Gy : :2+)2 =1, Ca:(x—10)2 +y* =49,
O is the origin and A is the centre of C2. OP is an external common tangent to C; and C; with points of
contact Q and P respectively. The slope of QP is positive.

b2

A
NS

=
/S
9\/

(&)

(2) Write down the coordinates of A and the radius of Cy.

(b) PQ is produced to cut the x axis at R. Find the x-coordinate of R by considering similar triangles.
(c) Using the resultin (b), find the slope of QP.

(d) Using the results of (b) and (c), find the equation of the external common tangent QP.

(e) Find the equation of the other external common tangent to C; and Cz.

16C.16 HKCEE MA 1995-1-10

In the figure, A(1,9) and B(9,7) are points on a circle ¥. The

centre G of the circle lies on the line £:4x—3y+12=0.

(a) Find the equation of the line AB.

(b) Find the equation of the perpendicular bisector of AB, and
hence the coordinates of G.

(c) Find the equation of the circle ¥.

(d) Xf DE (not shows in the figure) is another chord of the circle
% such that AB and DE are equal and parallel, find
(i) the coordinates of the mid-point of DE, and (1,9
(ii) the equation of the line DE. ' B(5,7)

€:4x 3y+12=0
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16C.17 HKCEEMA 1996 1 11

%, is the circle with centre A(0,2) and radius 2. It cuts the y-axis 3

at the origin O and the point B. % is another circle with equation

x2 4 (y=2)* =25. The line L passing through B with siope 2 cuts

% at the points Q and R as shown in the figure.

(a) Find B
(i) the equation of %};
(ii) theequation of L.

(b) Find the coordinates of Q and R.

(c) Find the coordinates of
(i) the point on L which is nearest to A;
(ii) the point on ¥ which is nearestto Q. R

4

16C.18 HKCEEMA 1997 —1-16 y

N
\ AV

\ <,
E E(—4,3)
N>
0

A A(=2,-1)

(Continued from 12B.14.)

\3(6,3)

Figure (1) Pi& (2)

(a) In Figure (1), Dis a point on the circle with AB as diameter and C as the centre. The tangent to the circle
at A meets BD produced at E. The perpendicular to this tangent through £ meets CD produced at F.
(i) Provethat AB//EF.
(ii) Provethat FD= FE.
(iii) Explain why F is the centre of the circle passing through D and touching AE at E.

(b) A rectangular coordinate system is introduced in Figure (1) so that the coordinates of A and B are
( 2, 1) and (6,3) respectively. It is found that the coordinates of D and E are (—2,3) and (—4,3)
respectively as shown in Figure (2). Find the coordinates of F.

16C.19 HKCEEMA 1998 I 15
The figure shows two circles C; and G, touching each other externally. The centre of C; is (5,0) and the

equation of Gz is (x—11)2+(y+8)%=49. y a
(a) Find the equation of Cj. /’\
(b) Find the equations of the two tangents to C from the origin. 0 + x

(c) One of the tangents in (b) cuts C; at two distinct points A and B.
Find the coordinates of the mid-point of AB.

| G2
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16C.20 HKCEE MA 1999-1-16 (Continuved from 12A.17.)
(a) In Figure (1), ABC is a triangle right-angled at B. D is a point on AB. A circle is drawn with DB as a
diameter. The line through D and parallel to AC cuts the circle at £. C£ is produced to cut the circle at
F.
(i) Prove that A, F, B and C are concydlic.
(ii) If M is the mid-point of AC, explain why MB= MF.
(b) In Figure (2), the equation of circle RST is 2 +y* + 10x— 6y +9 = 0. QST is a straight line The
cocrdinates of P, Q, R, S are (—17,0), (0,17), (=9,0) and (—2,7) respectively.
(i) Prove that PQ//RS.
(ii) Find the coordinates of T.
(iii) Are the points P, Q, O and T concyclic? Explain your answer.

N, / .

Figure (1) Figure (2)

c

16C.21 HKCEE MA 2000-1-16 (Continved from 12B.15.)
In the figure, C is the centre of the circle PQS. OR and OF are tangent to the circle at S and P respectively.
OCQ is a straight line and ZQOP =30°,
(a) Show that ZPQO =30°. R
(b) Suppose OPQR is a cyclic quadrilateral.
(i) Show that RQ is tangent to circle PQS at Q.
(ii) A rectangular coordinate system is introduced in the figure
so that the coordinates of O and C are (0,0) and (6,8)
respectively. Find the equation of OR.

16. COORDINATE GEOMETRY

16C.22 HKCEEMA 2001 -1-17

g (4]
5
i x
[?) R 2
Figure (1) Figure (2)

(a) In Figure (1), OP is a diameter of the circle. The altitude QR of the acute angled triangle OPQ cuts the
circle at 5. Let the coordinates of P and S be (p,0) and (a,b) respectively.
(i) Find the equation of the circle OPS-
(i) Using (3) or otherwise, show that OS> = OP- 0Qcos £POQ.

(b) InFigure (2), ABC is an acute angled triangle. AC and BC are diameters of the circles AGDC and BCEF
respectively.
(i) Show that BE is an altitude of AABC.
(ii) Using (a) or otherwise, compare the length of C¥ with that of CG. Justify your answer.

16C23 HKCEEMA2002-1-16 (Continued from 124.21.)
In the figure, AB is a diameter of the circle ABEG with centré C. The perpendicular from G to AB cuts AB at
O. AE cuts OG at D. BE and OG are produced to meet at F.

Mary and John try to prove OD- OF = OG? by using two différent approaches.

{(a) Mary tackles the problem by first proving that AAOD ~ AFOB
and AAOG ~ AGOB. Complete the following tasks for Mary-

(i) Prove that AAOD ~AFOB.
(ii) Prove that AAOG ~ AGOB.
(i) Using (a)(i) and (a)(ii), prove that OD- OF = OGA.

(b) Jobn tackles the same problem by introducing a rectangular coordi-
nate system in the figure so that the coordinates of C, D and F are
(¢,0), (0,p) and (0,q) respectively; where ¢, p and g are positive
numbers. He denotes the radius of the circle by r.

Coriplete the following tasks for John.
(i) Express the slopes of AD and BF in terms of ¢, p, gand r.
(ii) Using (b)(i), prove that OD- OF = OG>




16C24 HKCEE MA 2003 -1-17 (Continued from 12B.16.)

’ "
C (o]
G Cy
|
R R M\S G
0 N P 0 P .
(o]
Fi ¢ Figure (2)

(a) InFigure (1), OP is acommon tangent to the circles C; and C; at the points O and P respectively. The
common chord KM when produced intersects OP at N. R and § are points on KO and KP respectively
such that the straight line RMS is parallel to OP.

(i) By considering triangles NPM and NKP, prove that NP?> =NK -NM.
(i) Prove that RM = MS.

(b) A rectangular coordinate system, with O as the origin, is introduced to Figure (1) so that the coordinates
of P and M are (p,0) and (a, b) respectively (see Figure (2)). The straight line RS meets C; and C; again
at F and G respectively while the straight lines FO and GP meet at Q.

(i) Express FGinterms of p.
(ii) Express the coordinates of F and Q in terms of @ and 5.
(iii) Prove thattriangle QRS is isosceles.

16C.25 HKCEEMA2004-1-16 (Continued from 12B.17.)
In the figure, BC is a tangent tothe circle OAB with BC//OA. OA is produced to D such that AD = OB. BD
cuts the circle at E.
(a) Prove that AADE = ABOE. D
(b) Prove that ZBEO =2/BOE.
(c) Suppose OE is a diameter of the circle OAEB.
(i) Find ZBOE.
(ii) A rectangular coordinate system is introduced in the figure so
that the coordinates of Oand B are (0,0) and (6, 0) respectively. A
Find the equation of the circle OAEB. c

: f

201

16. COORDINATE GEOMETRY

16C.26 HKCEEMA2005-1-17 (Continved from 12A.22.)
¥
R R
/ M M
N, N,
x
o 0 p Q 0 s

Figure (1) Figure (2)

(a) In Figure (1), MN is a diameter of the circle M ONR. The chord RO is perpendicularto the straight line
POQ. RNQ and RMP are straight lines.
(i) By considering triangles OQR and ORP, prove that OR? = OP-0Q.
(ii) Provethat AMON ~ APOR.

(b) A rectangular coordinate system, with O as the origin, is introduced to Figure (1) so that R lies on the
positive y-axis and the coordinates of P and Q are (4,0) and (—9,0) respectively (see Figure (2)).
(i) Find the coordinates of R.

(ii) If the centreof thecircle MONRIiesinthe second quadrantand ON = 2\4—1_3, find the radius and

the coordinates of the centre of the circle M ONR.

16C.27 HKCEE MA 2006 I 16 (Continued from 12A.23.)

In the figure, G and H are the circumcentre and the orthocentre of AABC respectively. AH produced meets
BC at O. The perpendicular from G to BC meets BC at R. BS is a diameter of the circle which passes through
A,BandC.

(@) Prove that

A
(i) AHCS is a parallelogram, \
(i) AH =2GR.

(b) A rectangular coordinate system, with O as the
origin, is introduced in the figure so that the
coordinates of A, B and C are (0,12), (—6,0)
and (4,0) respectively.

(i) Find the equation of the circle which passes
through A, B and C.

(ii) Find the coordinates of /.

(iii) Are B, O, H and G concyclic? Explain your /

(%]

answer.




16C28 HKCEE MA 2007 -1-17

B B ___|
- X
A G 0 D [ 2 A G O

D C

Y (Continued from 12A.24.)

Figure (1) Figure (2)

(a) In Figure (1), AC is the diameter of the semi-circle ABC with centre O. D is a point lying on AC such
that AB= BD. I is the in centre of AABD. Al is produced to meet BC at £. Bl is produced to meet AC
aG.

(i) Provethat AABG = ADBG.
BE

(if) By considering the triangles AG/ and ABE, prove that % YL

(b) A rectangular coordinate system, with O as the origin, is introduced to Figure (1) so that the coordinates
of C and D are (25,0) and (ll 0) respectively and B lies in the second quadrant (see Figure (2)). It is
found that BE:AB=1:

(i) Find the coordinates of G.
(ii) Find the equation of the inscribed circie of AABD.

16C29 HKCEE MA 2008 -1-17 {Continued from 124..25,)

Figure (1) shows a circle passing through A, Band C. / is the in centre of AABC and A/ produced meets the
circle at P.

Qo
U ecooae
I I
G 4
B c B R c
P P
Figure (1) Figure (2)

(a) Provethat BP = CP=IP.

(b) Figure (2) is constructed by adding three points G, Q and R to Figure (1), where G is the circumcentre of
AABC. PQ isa diameter of the circle and R is the foot of the perpendicular from / to BC. A rectangular
coordinate system is then introduced in Figure (2) so that the coordinates of B, C and [ are (—80,0),
(64,0) and (0,32) respectively.

(i) Find the equation of the circle with centre P and radius BP.
(ii) Find the coordinates of Q.
(iii) Are B, Q, / and R concyclic? Explain your answer.
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16C.30 HKCEEMA 2011-1--16
In the figure, APQR is an isosceles triangle with PQ = PR. It is given that S P
is a point lying on QR and the orthocentre of APQR lies on PS. A rectangular
coordinate system is introduced in the figure so that the coordinates of P and Q
are (16,80) and (—32,—48) respectively. It is given that OR is parellel to the
X axis.
(a) Find the equation of the perpendicular bisector of PR.
(b) Find the coordinates of the circumcentre of APQOR.
(c) Let C be the circle which passes through P, Q and R.

(i) Find the equation of C.

(if) Are the centre C and the in-centre of APQOR the same point? Explain

your answer. 0 s R

16C31 HKCEEAM 198! II 6

The circles Cy: X2 +y*+7y+11 =0 and Cp: 2+ y*+6x+4y+8=0 touch each other externally at P.
(a) Find the coordinates of P.
(b) Find the equation of the common tangent at P.

16C.32 (HKCEE AM 1981 — Il - 12)

The line L:y=mx+2 meets thecircle C: x>+)? =1 atthe points A(xy,y;) and B(x2,y,).
() (i) Show thatx; and x; are the roots of the quadratic equation (m? +1)x2+4mx+3=0.

(b) Find the values of m such that
(i) L meets C attwo distinct points,
(ii) LisatangenttoC,
(iii) L doesnot meetC.

(c) For the two tangents in (b)(ii), let the corresponding points of contact be P and Q. Find the equationof
PQ.

16C33 (HKCEEAM 1982 II §8)
M is the point (5,6), L is the line 5x+ 12y =32 and C is the circle with M as centre and touching L.
(a) (i) Find the equation of the straight line passing through M and perpendicular to L,
(ii) Hence, or otherwise, find the equation of C.
(b) Show that C also touches the y axis.
(c) Find the equation of the tangent (other than the y-axis) to C from the origin.

(d) P(2,2) is a point on C. Q is another point on C such that PQ is a diameter. Find the equation of the
circle which passes through P, Q and the origin.

16C34 HKCEEAM 1984-11-6

Given the equation x2 +y* — 2Jkx +4ky+6k> 2=0.

(a) Find the range of values of & so that the equation represents a circle with radius greater than 1.
(b) [Out of syllabus]



16C.35 (HKCEE AM 1985 II-5)

If the equation x?+y?+kx— (2+k)y =0 represents a circle with radius /5,
(a) find the value(s) of k;

(b) find the equation(s) of the circle(s).

16C.36 HKCEE AM 1986 -1 10

The circles Cy: x2 43 —4x+2y+1=0 and C;: x> +)? — 10x—4y+ 19 =0 have a common chord AB.
(a) (i) Find the equation of the line AB.

(i) Find the equation of the circle with AB as a chord such that the area of the circle is a minimum.
(b) The circle C; and another circle C; are concentric. If AB is a tangent to C3, find the equation of Cs.
(c) [Out of syllabus]

16C37 HKCEEAM1987-1I-1]
In the figure, A and B are the points (8,0) and (16,0) respectively. The equation of the circle Cj is
2 +y?—16x~4y+64 =0. OH and BH are tangents to Cy.
(a) (i) Show that C; touches the x axis at A. b H
(ii) Find the equation of OH. 0
(iii) Find the equation of BH. ’
(b) Inthe figure, the equation of OK'is 4x+3y=0.
Thecircle Cz: X +y* = 16x4+2fy+c=0 is
the inscribed circle of AOBK and touches the O
x-axis at A.
(i) Find the values of the constants ¢ and f.
(ii) Find area of AOBH :area of AOBK.

.

G x
A(3,0) E / B(16,0)
2

16C.38 (HKCEE AM 1988 11 -11)

In the figure, S is the centre of the circle C ¥

which passes through H(—3,6) and touches the K(1,12

line x S5y+59=0 atK(1,12).

(a) Find the coordinates of §. Hence, or other
wise, find the equation of the circle C.

x=5y+59=0

(b) Theline L:3x~2y 5=0 cuts the circle xS
C atA and B. Find the equation of the circle H(-3,6)
with AB as diameter. c
X
0
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16C.39 HKCEEAMI903-TI-11

A(0,2) is the centre of circle C) with radius 4. B (3,%) is the centre of circle C; which touches the x axis.
P(s,1) is any point in the shaded region as shown in the figure.
(a) Find AB and the radius of C;.

Hence show that C; and C;, touch each other.

(b) If P is the centre of a circle which touches the
x axis and Cy , showthat 4r =12 —52.

(c) If P is the centre of a circle which touches the
x-axis and Cy, show that 3 = (s 3)2.

(d) Given that there are two circles in the shaded
region, each of which touches the x-axis, C;
and Cy. Using (b) and (c), find the equations
of the two circles, giving your answers in the
form (x—h)? +(y—k)% =

Y-
C

NI

16C40 HKCEE AM 1994 -11-9

Given two points A(S,5) and B(7,1). Let (k,k) be the centre of a circle C which passes through A and B.
(a) Express & in terms of k.
Hence show thatthe equation of Cis x2+y* 4kx— 2ky+30k—50=0.

(b) If the tangenttoC at B is parallel to the liney =-1-

2x.ﬁnd the equation of C.
(c) [Out of syllabus]

16C.41 HKCEE AM 1995 -I1 - 10 ‘ y

C) is the circle x* 4%~ 16x—36 =0 and C; is a circle centred G
at the point A(~7,0). C; and G, touch externaily as shown in the
figure. P(h,k) is a point in the second quadrant.
(a) Find the centre and radius of C).

Hence find the radius of Cs. B(—17,40)
(b) If P is the centre of a circle which touches both C; and C;

externally, show that 8k —k* 8h—48 =0.

x
(c) Cs isa circle centred at the point B(—7,40) and of the same P(h,k)

radius as Cs. c

@ IfPis the cenire of a circle which touches both C; and RN
C; externally, write down the equation of the locus of P. /_\f \

(ii) Find the equation of the circle, with centre P, which %) 3
touches all the three circles Cy, C; and C externally. \_j

A(=7,0)




16C42 (HKCEE AM 1996 —II - 10)

The equation Gy : x2+ y% —8kx — 6ky +25(k%— 1) =0, whesé k is réal, represerts a circle.
a) (i) Find the centre of Cy in terms of k. Hence show that the centre of C} lie on the line 3x—4y =0 for
all values of k.
(ii) Show that Cy has a radius of 5.
(b) The figure shows some C’s for various values of Y Py
k. It is given that thére are two parallel lines, both
of which are common tangents to all Cy’s.
Write down the slope of these two common tan
gents.
Hence find the equations of these two common ,'(

tangents. .7_, P
(c) For a certain value of k, Cj, cuts the x-axis at two
points A and B.
Write down the distance from the centre of the cir
cle to the x axis in terms of k.
Hence, or otherwise, find the two possible values
of k such that Cj, satisfies the condition AB = 8.

3x—4y=0

16C43 (HKCEE AM 1998 ~1I -2)

Given aline L: x—7y+3 =0 and acircle C: (x~2)>+ (y+ 5)> = a, where a is a positive number. If L
is a tangent to C, find the value of a.

16C.44 (HKCEE AM 2000 ~11-9)

A circle has the equation (F): x2+y? + (4k+4)x+ (3k+1)y — (8k+8) =0, where & is real.

(a) Rewrite the equation (F) in the form (x—p)* +(y—g)? =1~

(®) C; and C; are two circles described by (F) such that the fadius of C) is smaller than that of C; and both
of them touch the x axis. "¢ L
(i) Find the equations of C; and G;.
(i) Show that C; and C; touch each other externally.

{c) The figure shows the circles Cj and C; in (b). Lis a
common tangent to Cy and C». C; is a circle wuching
€2, L and the x-axis. Find the equation of C;.

(Hint: The centres of the three circles are collinear.) Ci i c
G 3
A )
(4]
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16C45 HKCEEAM 2002 15 > (Continued from 12B.18.)
R(2,5)
E
| N e s6)
o C] Q(-2| 1)
D F
— X
0

Figure (1) Figure (2)

(a) DEF is a triangle with penimeter p and area A. A circle C; of radius 7 is inscribed in the triangle (see
Figure (1)). Show that A= -;-pr.
(b) In Figure (2), a circle C; is inscribed in a right angled triangle QRS. The coordinates of Q, R and S are
(=2,1), (2,5) and (5, 2) respectively.
(i) Using (a), or otherwise, find the radius of C,.
(ii) Find the equation of Cs.
16C.46 HKCEE AM2005-15
The figure shows acircle C) : x> +y?~4x~2y+4 =0 centred & point A. L is the straightline y = kx.
(a) Find the range of & such that C; and Lintersect.
(b) There are two tangents from the origin O to C;. Find the equation of the tangent Ly other than the x-axis.
(c) Suppose that L and C; intersect at two distinct points P y

and Q. Let M be the mid-point of PQ.

. - . k+2

(i) Show that the x coordinate of M is 2ri

(i) [Out of syllabus] Cr

xA
x
o

16C.47 HKCEE AM 2006 — 14
Let J be the cirde x2+y* =r?, where r> 0. y :gA)
(a) Suppose that the straightline L: y=mx+c¢ isa tangentto J.

(i) Show that ¢ =r*(m*+1). Q 7

(ii) If L passes thruuéb a point (h,k), show that
(k=mh)? = P{m?+1).

(b) J is inscribed in a triangle POR (see the figure).
The coordinates of Pand R are (7,4) and (—5,--5)
respectively.

(i) Find the radius of J.

(i) Using (a)(i), or otherwise, find the slope of
PO.

(i) Find the coordinates of Q. R(=5,-5)

ISt




16C.48 HKCEE AM2010-7

In the figure, a tangent PQ is drawn to the circle
2+y* 6x+4y—12=0atthe point A(7,1). B(0,~6) is an-
other point lying on the circle. Let 8 be the acute angle between

AB and PQ. Find the value of tan8.

16C.49 HKCEEAM2010-15
In the figure, C; is a circle with centre (6, 5) touching
the x axis. C; is a variable circle which touches the y
axis and C internally.
(a) Show that the equation of locus of the centre of G
isx= ?3 Sy+18.
(b) It is known that the length of the tangent from an
external point P{0, —3) to C; is 5 and the centre of
C; is in the first quadrant.
(i) Find the centre of C,.
(ii) Find the equations of the two tangents from P
t0C.

16C.50 HKDSEMASP-1-19

B(o) -6) |

24y bx+4y—12=0

, \c1
(6 5)

In the figure, the circle passes through four points A, B, Cand D. PQ is

the tangent to the circle at C and is parallel to BD. AC and BD intersect

at E. It is given that AB=AD.
() (i) Provethat AABE = AADE.

(ii) Are the in-centre, the orthocentre, the centroid and the
circumcentre of AABD collinear? Explain your answer.

(b) A rectangular coordinate system is introduced in the figure so that o’

the coordinates of A, B and D are (14,4), (8,12) and (4,4) respec-

tively. Find the equation of the tangent PQ.
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16C.51 HKDSEMAPP-1 14 (Continved from 12A.28.)

In the figure, OABC is a circle. It is given that AB produced and OC produced D

meet at D. \

(a) Write down a pair of similar triangles in the figure.

() Suppose that ZAOD = 90°. A rectangular coordinate system, with O as the
origin, is introduced in the figure so that the coordinates of A and D are (6,0)
and (0, 12) respectively. If the ratio of the area of ABCD to the area of
ANOAD s 16 : 45, find
(i) the coordinates of C,

(#i) the equation of the circle OABC.

16C.52 HKDSE MA 2012 - I 17

The coordinates of the centre of the circle C are (6, 10). It is given that the x axis is a tangent to C.
(a) Find the equationof C.

(b) The slope and the y intercept of the straight line L is —1 and % respectively. If L cuts C at A and B,
express the coordinates of the mid-point of A8 interms of k.

16C.53 HKDSEMA2015-1-14
The coordinates of the points P and Q are (4, ~1) and (~14,23) respectively.
(a) Let L be the perpendicular bisector of PQ.
(i) Find the equation of L.
(i) Suppose that G is a point lying on L. Denote the x-coordinate of G by A. Let C be the circle which
is centred at G and passes through P and Q.
Prove that the equation of Cis 2% +2y? —4hx— (32 + 59)y+13k 93 =0.

(b) The coordinates of the point R are (26,43). Usmg (a)(i), or otherwise, find the diameter of the circle
which passes through P, Q and R.

16C.54 HEKDSE MA 2016 ~I1-20 (Continued from 12B.20.)
AOPQ is an obtuse-angled triangle. Denote the in-centre and the circumcentre of AOPQ by I and J respec-
tively. It is given that P, f and J are collinear.

{a) Prove that OP = PQ.

(b) A rectangular coordinate system js introduced so that the coordinates of O and Q are (0,0) and (40,30)
respectively while the y coordinate of Pis 19. Let C be the circle which passes through O, P and Q.
(i) Find the equation of C.

(ii) Let L; and L, be two tangents to C such that the slope of each tangent is E and the y-intercept of L;

is greater than that of L. L; cuts the x axis and the y-axis at S and T respectively while L; cuts the
x-axis and y axis at U and V respectively. Someone claims that the area of the trapezium STUV
exceeds 17 000. Is the claim correct? Explain your answer.
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16C.55 HKDSE MA 2018-1-19
The coordinates of the centre of the circle C are (8,2). Denote the radius of C by r. Let L be the straight
line kx—S5y—21 =0, where & is a constant. It is given that L is a tangent to C.
(a) Find the equation of C in terms of r. Hence, express #2 in terms of k.
(b) L passes through the point D(18,39).
(i) Find r.
(ii) Itis given that L cuts the y-axis at the point E. Let F be a point such that C is the inscribed circle
of ADEF.Ts ADEF an obtuse-angled triangle? Explain your answer.

16C.56 HKDSEMA 2019 I 19
1
T 14k

(Continued from 7E.5.)

Let f(x) (@ + (6k ~2)x+ (9% +25)), where k is a positive constant. Denote the point (4,33) by

(a) Prove that the graph of y = f(x) passes through F.

(b) The graph of y = g(x) is obtained by reflecting the graph of y = f{(x) with respect to the y-axis and then
translating the resulting graph upwards by 4 units. Let I/ be the vertex of the graph of y = g(x). Denote
the origin by O.
(i) Using the method of completing the square, express the coordinates of U in terms of k.
(ii) Find & suchthat the area of the circle passing through F, O and U is the Ieast.
(iii) For any positive constant , the graph of y = g(x) passes through the same point G. Let V be the

vertex of the graph of y = g(x) such that the area of the circle passing through F, O and V is the
least. Are F, G, O and V concyclic? Explain your answer.

16C.57 HKDSEMA 2020 1 14

The coordinates of the points 4 and B are ( 10,0) and (30,0) respectively. The circle C passes
through 4 and B. Denote the centre of C by G. Itis given that the y-coordinate of G is -15 .

(@) Find the equation of C. (3 marks)
(b)  The straight line L passes through B and G. Another straight line £ is parallelto L. Let P
be a moving point in the rectangular coordinate plane such that the perpendicular distance from P
to L is equal to the perpendicular distance from £ to £ . Denate the locus of P by I'. Itis
given that I” passes through 4.
(i)  Describe the geometric relationship between I” and L.

(i)  Find the equation of [ .

(iii) Supposethat I" cuts C at another point 4. Someone claims that ZGAH <70° . Do

you agree? Explain your answer.
(6 marks)

16. COORDINATE GEOMETRY

16D Loci in the rectangular coordinate plane
16D.1 (HKCEE MA 1981(3) 1-~7)

The parabola y* = 4ax passes through the points A(1,4) and B(16, 16). A point P divides AB internally
such that AP:PB 1:4.

(a) Find the coordinates of P.
(b) Show that the parabola is the locus of a moving point which is equidistant from P and the line x = —a.

16D.2 HKCEE AM 1987 II 10

P(x,y) is a variable point equidistant from the point S(1,0) and the line x+ 1 =0.
(a) Show that the equation of the locus of P is y2 = 4x.
(b) [Out of syllabusj

16D.3 (HKCEE AM 1994 JI-4)
In the figure, P(0,4) and O(2,6) are two points and R(x,y) is a
variable point.
(a) Suppose Ry=(4,4) (notshown in the figure). Find the area 0
of APQRy. ¥
(b) If the area of APQR is 4 square units,
(i) describe the locus of R and sketch itin the figure; P
(i) find the equation(s) of the locus of R.

R(%y)

16D4 HKCEEAM 1999 -1 10

A({~3,0) and B(~—1,0) are two points and P(x,y) is a variable point such that PA = v/3PB. Let C be the
locus of P.

(2) Show that the equation of Cis x*+y* =3.

(b) T(a,b) is a point on C. Find the equation of the tangent to C at T

(c) The tangent from A to C touches C at apoint S in the second quadrant. Find the coordinates of 5.

(d) {Out of syllabus]

16D.5 (HKCEE AM 2004 10)

In the figure, O is the origin and A is the point (3,4). P is
a variable point (not shown) such that the area of AOPA is xA
always equal to 2.

¥

Describe the Jocus of P and sketch it in the figure.
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16D.6 (HKCEE AM2011-16) [Difficult!]

Figure (1) showsa circle G : 22 4-y* — 10y+16 =0. Z(x,) is the centre of a circle which touch the x axis
and C; extemnally. Let S be the locus of Z.

(a) Show that the equationof Sis y= ilgxz +1.

(b) Let G and C; be circles touching the x-axis and C externally. It is given that C; passes through the
point (20,16) and it touches C; externally. Suppose that both the centres of C; and C; lie in the first
quadrant (see Figure (2)).

(i) Find the equation of Cs-

(ii) Without any algebraic manipulation, determine whether the following sentence is correct:

*“The point of contact of C; and C; lies on S
(¢) Can wedraw a circle satisfying all the following conditions?

e Its centre lieson S.
o [t touches the x axis.
e Ittouches C; internally.

Explain your answer.

y
G

G
(20,16)

o| G
Figure (1) Figure (2)

16D.7 HKDSEMASP 1 13
In the figure, the straight line Lj :4x—3y+ 12 =0 and the straight L2 Y
line L, are perpendicular to each other and intersect at A. It is given \
that L; cuts the y-axis at Band L passes through the point (4,9).
(a) Find the equation of L,.
(b) Qisamoving point in the coordinate plane such that AQ = BQ.
Denote the focus of O by I".
(i) Describe the geometricrelationship between I" and L,.
Explain your answer. /
(ii) Find the equation of I.

L

\,,u
4
*

S
#

16D.8 HKDSEMAPP-1-8

The coordinates of the points A and B are (—3,4) and (—2,—5) respectively. A is the reflection image of A
with respect to the y axis. B is rotated anticlockwise about the origin O through 90° to B'.
(a) Write down the coordinates of A’ and B'.

(b) Let P be a moving point in the rectangular coordinate plane such that P is equidistant from A’ and B'.
Find the equation of the Jocus of P.
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16D.9 HKDSEMA 2012114

The y-intercepts of two parallel lines L and £ are —1 and 3 respectively and the x intercept of Lis 3. Pisa
moving point in the rectangular coordinate plane such that the perpendicular distance from P to L is equal to
the perpendicular distance from P to £. Denote the locus of P by I".
(a) (i) Describe the geometric relationship between I” and L.

(if) Find the equation of I".
(b) The equation of the circle Cis (x—6)2+y* =4. Denote the centre of C by Q.

(i) Does I pass through Q? Explain your answer.

(i) ¥ LcutsCatA and B while I" cuts C at H and X, find the ratio of the area of AAQH to the area of

ABQK.

16D.10 HKDSE MA 2013 —1-14
The equation of the cirde Cis x% +y* ~ 12x~ 34y-+225 = 0. Denote the centre of C by R.
(a) Write down the coordinates of R.
(b) The equation of the straight line L is 4x+3y-+50=0. It is found that C and L do not intersect. Let P
be a point lying on L such that P is nearest to R.
(i) Find the distance between P and R.
(i) Let Qbe a moving point on C. When Q is nearest to P,
(1) describe the geometric relationship between P, Q and R;
(2) find the ratio of the area of AOPQ to the area of AOQR, where O is the origin.

16D.11 HKDSE MA 2014 -1-12

The circle C passes through the point A(6,11) and the centre of C is the point G(0,3).

(a) Find the equation of C.

(b) Pisamovingpointin the rectangular coordinate plane such that AP = GP. Denotethe locus of Pby I".
(i) Findthe equationof I'.
(ii) Describe the geomeltric relationship between I” and the line segment AG.
(iii) If I'" cuts C at Q and R, find the perimeter of the quadrilateral AQGR.

16D.12 HKDSE MA 2016 —1-10

The coordinates of the points A and B are (5,7) and (13, 1) respectively. Let P be a moving point in the
rectangular coordinate plane such that P is equidistant from A and B. Denote the locus of Pby I.

(a) Find the equation of I'.

(b) I intersects the x-axis and the y axis at /f and K respectively. Denote the origin by O. Let C be the
circle which passes through O, H and XK. Someone claims that the circumference of C exceeds 30. Is
the claim correct? Explain your answer.

16D.13 HKDSE MA2017-1-13
The coordinates of the points E, F and G are (~6,5),( 3,11) and (2, —1) respectively. The circle C passes
through E and the centre of C is G.
(a) Find the equation of C.
(b) Prove that F lies outside C.
(c) Let H be a moving point on C. When H is farthest from <,
(i) describe the geometric relationship between F, G and H;
(ii) find the equation of the straight line which passes through # and H.
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16D.14 HKDSEMA 2019-1 17 (Continued from 12B.21.)

(a) Let aand p be the area and perimeter of ACDE respectively. Denote the radius of the inscribed circle
of ACDE by r. Prove that pr=2q.

(b) The coordinates of the points H and K are (9, 12) and (14,0) respectively. Let P be a moving point
in the rectangular coordinate plane such that the perpendicular distance from P to O is equal to the
perpendicular distance from P to HK, where O is the origin. Denote the locus of P by I".

(i) Describe the geometric relationship between I and ZOAK.
(ii) Using (a), find the equation of I".

215

16. COORDINATE GEOMETRY

16E Polar coordinates
16E.1 HKCEEMA 2009 -1-8

In a polar coordinate system, O is the pole. The polar coordinates of the points P and Q are (k,123°) and
(24,213°) respectively, where & is a positive constant. It is given that PQ =25.

(a) Is AOPQ aright-angledtriangle? Explain your answer.
(b) Find the perimeter of AOPQ.

162 HKDSEMAPP-1-6

In a polar coordinate system, the polar coordinates of the points A, B and C are (13,157°), (14,247°) and
(15,337°) respectively.

(a) Let O be the pole. Are A, O and C collinear? Explain your answer.

(b) Find the area of AABC.

16E3 HKDSEMA 2013 -1-6

In a polar coordinate system, O is the pole. The polar coordinates of the points A and B are (26,10°) and
(26, 130°) respectively. Let L be the axis of reflectional symmetry of AOAB.

(a) Describe the geometric relationship between L and ZAOB.

(b) Find the polar coordinates of the point of intersection of L and AB.

16E4 HKDSE MA 2016 -1-7

In a polar coordinate system, O is the pole. The polar coordinates of the points A and B are (12,75°) and
(12,135°) respectively.

(a) Find ZAOB.

(b} Find the perimeter of AAOB.

(c) Write down the number of folds of rotational symmetry of AAOB.
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16 Coordinate Geometry 16B.8 HKCEE MA 2004 —1-13 16B.11 HKCEE MA 2007--1- 13
2+8 9+ —4
.. A ) . ) (@) (i) E=mid-ptofAC= (-—+— ,¥)=(s.s) (a) EqnofAB: y 3=—3—-(x—10) = 4x+3y-49=0
16A Transformation in the rectangular 16B Straight lines in the rectangular coordinate o . 272 . &) Pux=4 = y=11 = h=11
coordinate plane plane () mpc=3-g= 3 = mp=7 (¢) (i) (Since AABC is isosceles, A should lie ‘above’ the
16A.1 HKCEE MA2006—=1-7 16B.1 HKCEEMA 1992 —{-5 . Eqnof BD: y_5=§(x_5) = 3x—dy+5=0 r]:lf—l%ointfoBC‘)
@ A'=(7,2), B'=(55) i (@) ,,,,QE% = my =2 () () Method | SRSt
(b) AB="/(=2+5)+ (1 -5)=V14 . R (1042)(11-3)
" Equof L y—5=~2(x— 2xy—25=0 S . _ (10+2)(11-3) _
AT =/T-57+@ 37 =VIA=AB S (=100 = 2e4y-25 = . (@ Area of ABC 2 “8
. —25= - T T T
. YES @ JLTEtY=B=0 e 0,7) = BC:y—1=Zl(x-8) = x+Ty—15=0 | AC= JETHITI=3E =10
Ly:x—~2y+5=0 TS 7 - 2x Area of AMBC _ 48
etnoda 2 .e e ————
16A.2 HKCEE MA 2009 -1-9 16B.2 HKCEEMA 199818 LetBChe x+7y+K 0. AC -5
@ A'=(-1,4), B'=(-52) (@) s —os k3 PutC: (8)+7(1)+K=0 = K=-15
_2+2_2 _4-2 1 0+2 2 .. Eqnof BCis x+7y—15=0. 16B.12 BKCEE MA 2008 — 12
(b) mE=3T =3 mpg = e = = Fmag 1 I e
s 2 (b) Required eqn: y—3 = —~(x~1) = 2x+3y-11=0 . [BD:3x—4y+5=0 (2 B=(-3,4), C=(4,-3)
B B ) VBC:x+Ty 15=0 =@.2) 4 3
16B.3 HKCEE MA 1999-1-10 3 Yo (b) mog=—5, moc =~ # mop
16A3 HKCEEMA 2011-1-8 TR ~AB=2-1F+(0-2F=V30 o 2 4
~4—-6 4 () M = (4,2 .. _
(a) B=(—6,-4), M:( ot )—(—5 1) 122 12 @, (c) mcz;:ml =1
- BC
e ) 16B.9 HKCEEMA 2005 -1-13 . 3 =
®) moM=L, e " %7 R VR o= - EqnofCD: y+3=1(x—4) = x—y 7=0
o _'3118_ 1 o Equofl: y—2=2(x—4) = 2x-y—-6=0 a) A=1=2a0), 5= et D is translated horizontally from A,
N A (o) Puty=0intoegnof £ = x=3 = P=(3,0) ®) my, =2 -, y-coordinate of D =y~coordinat eof A =3
. ’ L = mp, = B ¥
. OM 1.AB BP=+/(16=3)2+ (4 —0)% = VI8 ! e Putintoeqnof CD = x=10 = D=(10,3)
-8+3 8+0 5 - Equof Lyt y=—-x+4
16A.4 HKDSEMASP-I-8 @ N=\—5"— =34 A0
;. "_ = - C
SRS " MN= /(3+2)'+(o_4)z= 85 _ V185 OC:AC=8: (8+2)=4:5 168.13 HKCEE MAZ010=1-12
®) moyr =3, mpy =~ . ! 2 4 2 ", Areaof AODC : Area of AABC = 16: 25 (a) Eqo of AB: y=24 _18-24 3 3%y 78 =0
157 168.4 HKCEE MA 2000 ~1~9 = Area of AODC : Area of OABD =16 (25— 16) "‘_6 ——b 4
| Motmpp = == #=1 4-0 ) =16:9 ) LetC=(xI,0,.
. OA" is not perpendicularto AA’. @ m=——= '§ mpc = =
ty—-0=-Z = 24 0 -4
16A.5 HKDSEMA 2014 -] ®) EqnofL: y-0 (" ES Ay 16B.10 HKCEE MA 2006112 =3 = x=2 = C=(240)
2
(@) P'=(53), O'=(-19, 7) (¢) Putx=0 = y=-%2- = C=(O,is—) () M=(41l4) () AB=/24—18)2F(6+2)2=10
-2 0_5 =1 - A=/ (28—6)2+ (0—24)2=30
®) mpg=-—2=, mpg=2=175 16B.5 HKCEE MA 2001 =1-7 ® mw=3 = may= 2 V=07 30
W mpgmpigr = —1 @ A=(=1,5), B=(4,3) .. Eqnof CM: y~4=-2(x—4) = +y—12=0 .. Areaof AABC= =150
- POLPY -5 5-3 o Hence,puty=0 = C=(6,0} . BD  Areaof AABD r 90 "
L e = e—— e ———#—_—a =
() EquofaB: L= == © @ Botan: 20204 4y 5y 80 @ AacfAADC & 1 150-% ~ T
16A.6 HKDSEMA 2017 -I1-6 —5(y 5)=—2(x+1) = 2x+5y—23=0 12-2
@ A'=(=4,-3), 5'=(9.9) 16B.6 HKCEE MA2002-1-38 @) G2y~ 120 = K=(ﬁ 5)
® 13 12 . X 5 BD:4x Sy—8=0 77 16B.14 HKCEE AM 1982 — 112
) mas = =3 M =13 @ x=2y=-8 = —+-=1 Method 1 Method 1
© mpgmpp =—1 s A=( 8.0), B=(0,4) Area of AAMC  y-coorof M _ 4 7 -1 _1~1 —1
i ABLAE e (—8+0 0+4) _( 4a Arcaol BAKC  ycoorof K 15 4 Eqn of AB: x+] S At
id-ptofai= 2 ’T) S o Methed 2 x
2 2 . +2y~1=0 _
16B.7 HKCEE MA 2003-1-12 Area of AAMC _ MC V@ 6)5 F@—0) Let P be the pt of division. {x—y~l—0 = P=(1,0)
3 Arcaof AMAKC  KC ol _ 16\ - -
(@) msc=3—g=T © \/(6 +0-7) LetAP:PB=r:1 = o=—1-‘ﬂ=u = r=1
0-2 2 J20 7 5 . r+1 r+1
3_2 = - *. The required ratiois 1 : I.
(b) mpp==1+-—-=% /320 =3
23 » Method 2
*EQuO[AP: y~0=3(x+1) = 2t~3y+2=0 Method 16 @) +r(0) Let the point of division be P, andAF PB=r:l.
2 ( 2 Let MK :KC=ris = — == P_‘3+( Dr 'H'(l)’) 3-r ?'—1)
; - - - o,:)
© () Putx=0 =y 3 = H 3 160+ 165 = 285 IfPhesorntl y——]r—-H +1'r+1
N $-0 -1 3.0 -1 ris=12:16=3:4 3—p rel
(i) "1H11=—0~2=Ty mACz~——0+[=3=m _ Area of AAMC Mc—z —_r+1>_ T —~1=0 = r=1
. HB LAC "7 Areaof AAKC KC 4 .. The required ratiois 1 : 1.
Hence the 3 altitudes of AABC are CO, AP and 4B,
all passing through H.
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16B.15

3x 2y 8=0 B
@ {x_y_z_o = P=(42)

EqnofLy: y 2=%(x 4) = x+2~8=0
Eqnofly: y 2=2(x~4) = 2x-y-6=0

16B.16 (HKCEE AM 1985- Ii - 10)
(a) Method 1~ Use collinearity of points
LetR— (rk)and S — (5,h)

mpe =m, = -h_—ﬁ = r=[w-

we r—1 0-1 A2

. S L. S /G
s+3 0+3 2

Y = 2 - = E )
o8 (211 3,h),R (l z,ll

Method 2 - Useeqmolstnigmlim
-0 20

Eqn of AB: ,”—3—30—4_3 = 2x-3y+6=0
Puy=h = x=3h-3 = S=(§h-3,h)
-o % 0

Eqnof AC: 2= Y22 0 o 2x4y-2=0

0-1
h
Puty=h = x=l-—§ = R=(I-§,h)

Method 3 - Use similar triangles

DBSP ~ABAO = ;="-’-’ - ap-%h

e x-cooldimteofsz-3+%h = S-(;ﬁ—:&,h)

DAOC ~ARQC = §=Q‘-E - QC=;

3 x-mdimmofﬂ-l—g - R=(1—§,;.)
® ns=(1-.’25)-@n-3)=4-z;.

When PQRS is asquare,

PS=RS = h=4-2h = h=-4- = Aj=h=—

Arca of PORS = h(4~2h) = 2( =2h)
=-2(h-1)242 = A2

a=tes
) 16
% AI:Az:A;=T:2:4=8:9:18

© M=midp ot PR=(3-1,3)

. h _h

1.e.x=5-l.y—§

Putintox y+1=0:
h

LHS = g-l) (;)+1=0=RHS

& Mliesonx-y-f-l.-(]

=2

16B.17 (HKCEE AM 1984 -1 -4)

Ly:x+y=4
( = =(2 2
@ {IJJ?X"}'=2P =y} =@+p2 p)

() y-inlercept of Lt =4, y-intercept of Ly = —2p

. Araof A = 4= (=22 +p)
- 2

9=(2+p)% =

p=~Sorl

,;/lawb:np -5

16B.18 HKCEE AM 1988112
Tht-1 dk+2
S o
(b) When Plieson 7x —3y~28 =0,
7k+l)_ ak+2 _
v 3 k+1 L
(Tk+1)=3(8k+2) B(k+1)=0
9% 27=0 = k=3
. Theratiois3: 1.

16B.19 HKCEE AM 1990117
Method 1 - Use algebra to find D
Eqn of AB: 5+2—1 = S5x43y-15=0

3
Area of ACAB = 5"3_5 = AmofAB'CD--l—S

LetD = (i, k). Then

Sh+3k 15=0 & 13
5 _G-Dh_, = 2=(37)

AmofAOAB:— Hoac

:,- ABCD=7
15 15 3_9
= AmofAACD-—-T-i-z
N BD _ Areaof ABCD _ T _ 5
DA~ Areaof BACD 3 3
D= /3(0)+5(3) 3(5)+5(0)) (E E)
5+3 7 5+3 / 88
Hence,
Ly 1 -1
Eqn of CD: o -O_E = Tx—=15y+15=0
16B.20 (HKCEE AM 1996 - II- 8)
Li:2x=y-4=0 _
{bz:x-2y+4=0 = (5))=(4.9)
. ing: xS0 -
. Eqn of required line: Sy B = y=x
361

16B.21 (HKCEE AM 1998~ 1I - 5)

Li:2e+y-3=0 (£3)
® {Lzzx—Jy-t-l-O = Feira

Ly 03 =3
(b) EqnofL: i = y=gx

16B.22 HKCEE AM 2005 -6
(@) an@=m, = 2
(b) Z0QP=6 = ZQOP=180° 20
-, Eqnof L2 y= xtan ZQOP = xtan(180 26)
= xan28
E o) ..‘.239
*1ane
)
“:“ 1—(—2)

= y=3x

16B.23 (HKCEE AM 2009 - 3)
Ly:x=2y+3=0 _(5 7
{L2:2x-y-l=0 = P= 3'3)

Meahod 1 T

Let the eqn of L be Z+;-l.wh=ea>0.

' PliesonL

5) (7\
. (3 3) a = a=4
.. Required line: -+- 1 = x+y=-4=0

7
Method 2

9
LelLbey-§=m(x—§) = 3mx 3y+7 Sm=0
= x-interc -2t interce ———7 e

x- ept= 3m Pl="3

Sm 7 7 Sm
= et ot = 5m=7=-=m(5m~7)

m=%or-l

However, when m = Z Lbecomes 7x—5y= 0, which has zero

x- and y-intercepts. Rejected.

|16C Circles in the rectangular coordinate plane

16C.1 HKCEE MA 1980(1/3 1) - B - IS
@@ Puy=0 = X*—-10x+16=0 = x=2or8

*. A=(2,0). B=(8,0)

Potx=0 = y+8y+16=0 = y=~4

. T=(0, 4)

0+4 1
® @) mE=g—5=3 :
. Eqn ofAC: y O-i(x 2) = x=2y-2=0

) P4y~ 10x+8y+16=0
x—2y 2=0

(y+2)%+y*—10(2y+2) + 8y +16 =0

5% ~8y=0

y-OorE

S
Py=g = x=3 = c=(5.3)

16C.2 HKCEE MA 1981(1/3) -1 - 13
@ L+y= 151 = P+y2-025=0
or 15

®) OP= mzopr =6 E'”
©) P=(250) g

s Eqnof TP:y 0= z(x 25) = 3x-4y-B=0
| {d) By geometry, OCPT is arectangle.
i.e Eqn of OC: y= el

| @ LetC=(hk). Then k=3
' 15=CP = \/(h=257 + (3hP

| 225= —Ir 50h+625

{ IF—32A+256-0 = h=16 = C=(16,12)
Hence,eqnof circkis  (x—16)2 +(y—12)* = 152
P4yP=32%=24y+175=0

. EgnofLliss 3( 1)x 3y+7 5(=1)=0 = x+y=4=0

16B24 HKCEE AM2010-6

Lyix=3y+7=0 _
{Lz'Sx-y-ll o = EN=64)

.. Eqn of required Jine: Tl=_'=l = x=y=]=0

| 16C.3 HKCEE MA 1982(1) ~1-13
@) C:R2+y*=14y+40=0 = 24 (y-7)>=32
‘. Centre= (0,7), Radivs= 3

4 3
(b) m,,-s = mucT

. .Eqnofl’; y=_73x+7

L:ax=3y-4=0
© { , -3 = (&y)=(@.4)
L:y= Tx+7
(d) Distance between centre of C and (4.4)
=§7iii-2§-+i7-3i’-s

= Shortest dist = 5 — radivs = 2

E (4,4)
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16C.4 HKCEE MA 1983(A/B)~1-9
(a) Le18=(b.0)

lmmpgm 2=e = bm6 = Bm(60)

8-6

() Let C=(c.0). Since AABC is isosceles, A lies “above’ the

mid-point of BC,
% _c_-!;6__s = ¢=10 = C=

2
-0 20

~10 8=10
; D-(Ol )

(d) BD=V6+102 = /136
6+0 0+10

{10,0)

— = y=~x+10

Mid-pt oum_(— —) (3.5)

Eqnofcircle 0BD1s  (x—3) +(y—5)* =

= 2+y 6x 10y=0

Put A int othe equation:
LHS =(8)2+(2)%> 6(8) 10(2)
. A lies on the circle.

16C.5 HKCEE MA 1984(A/B)—-1-9

=0=RHS

@ {;2::2:4 = 24k 2)t=4
23 - 2kx+2 4=0...(»)
A=47 B(2—-4)=0 = k=%xv8

() (1) 1If A(2,0) is one fo the intersectionsof C and L, 2is a

root of the equation (*)

202 2%(2)+(2? 4=0 = k=2

Then (») becomes 2<%
s B=(0k 0)=(0,2)

@) AB=/(Z 0)7+(0-27=V8

Mid-ptof AB= (2"'0 °+2)

2

. Eqnofcircleis (x—12+(y-1) =

=(L1)

= 2+y 2% 2y=0

16C.6 HKCEE MA 1985(A/B) 1-9

(a) AB=/(2~7) +2(o75)’=~/3'6
Mid-pt of 4B = (—;-,0';5

- Emotercein (x 3)4(r

-6
-(F)

2

= 2+ =9x Sy+14=0

(4(1)'*'1(7) 40) +1(5))
/

P
®) T

©) @ mu=g——5=1 = mpex =

3,1)

1

VEAY
2

4x=0 = x=20r0

v8\?

. Eqnof HPK: y 1=~1(x 3) = x+y~4=0

i {z’+f—9x Sy+14=0
i)
X+y—4=0

= 24+ x)? 9% 54 x+14=0
22~ 12x+10 =0

LH=(,3). K=(5 1)

x=1lor
= y=3o0r

5
|

16C.7 HKCEE MA 1986(A/B)~1-8
® {x=+f-6x—ay=o

y=x 6=0
= 2+ (x+6) —6x~8(x+6) =0
2%—-12=0
x=30r 2
y=9or4

n B=(3,9), C=( 2,4)
(b) Puty=0 = x=00r6 = A=(6,0)
Putx=0 = y=0or8 = D=(0,8)

(c) ano=mn"—o'4%=un 1%:37°(nw'eadegee)

© ZABO= LACO= LADO=37°
(d) Areaol'AACO-sT—lz
16C.8 HKCEE MA 1987(A/B) -[~8
(a) Eqnofé: y 0= I{x+2) = x y+2=0
(b) x-ccordinate of C=x-coordinate of mid-pt of OB =2
Putx=2inlof = y=4 = C=(2,4)
(c) Let the centre of the circlebe (2,k)
Bia=(4 k2
Proml6-8itl = k=3

2 3 2
- Bquofcircle: (x 2)1+( -%) =(4 5)
= 24y* 4x-3y=0
P4y —dx~3y=0
@ {X-y+2=0
= P4 (r+2P —ax=3(x+2) =0
22 x~-2=0 = x:Zor%

o463

16C.9 HKCEE MA 1988 ~1-7

@ (2 5)

(b) RnﬁtsofC-x-oootdinﬂeofmm-d
o V2ERSICk=2 = k=5

16C.16 HK! MA 1989 - I ~
@ E=(12)
® R4y ~2x 4y 20=0
x+Ty—40 =0
= (40 Ty)2+y*-2(40 7y) 4y 20=0
50 55y+1500=0

y=50r6
x=50r-2
“ P=( 2,6). Q=(5,5)
(©) PO= =30 "
+5 6+5 3
“"""‘“”Q“(T )= 3%)

e (¢ 36 2= (F)

= 24y =3x=1ly+20=0
(d) PutE(1.2)into %:
LHS (1)2+(2)2~3(1)~11(2) +20 =0 =RHS
. Efieson @ = LEPQ=9°

16C.11 HKCEE MA 1990-1-8

@ (C):(x 1P+G+3P2=3
. Centre=(1, 3), Radius--3

(b) Rupimddismce=\/fl—§j!+z 3-0)2-5>3
=, Outside

(© 6 s=5-3=2
i) EqnofCx:  (x 52+ (y~0)%2=22

= P4yialx+20=0

@ £ - (Either this linc)

(G)

{or this line)

16C.12 HKCEE MA 191-1-9
@@ S:(x 22+0p-12=12
C=(2,1), A=(2,0)
y=mx
2 {£+y’ ax=2y+4=0
B+ (mx)? 4ax 2(mx)+4=0
(1+m) =22 +m)x+4 =0
A=42+m)2—16(1+m2) =0
2+m)* 4(1+m?)=0
3t ~dm=0 = m-O(mj.)a';
+ £OBC=/0AC=90° (tangent properties)
*. LOBC+ £0OAC =180°
O,A,CmdB are concydic. (opp <s supp.)
e '2+o 140 1
md"""‘oc ( 272 )'(1’5)
2 2
- B ofcicle: (x= 124 (5-1) -(.‘;.5)
= x4P~2%—-y=0

@© @

16C13 HKCEEMA 1992-1-13

(a) £+y= 18¢ 14y+105=0 = (x—9)*+(y=~7)2=52

. C=(9,7), Radius=5

(b) x=+(mx)- 18x 14(mx)+105=0
(1+m?)5 2(9+7m)x+105-0

. X3X3 = product of roots = i+—"2

© OA=vValt+yl= /x +(mx)?=xVi+nd
Similarly, OB =1, gt

o 105
. OA-OB=(1+m)xyx; =(1 +n?)-l—-1;= 105

(d) AB=2v/5T"F =38 A 8
5

OA -(OA+AB) =105
c

0A%+804-105=0

= OA= |I5(rj)or?

llsc.u HKCEE MA 1993 -1-8

y 7.2 1 -__1
0 10-0 2
(b) "lbg=?-2
- Eqnofly: y~0=2(x-4) = 2x y-8 0
{“‘*‘2)'-14=0 = D=(x,y)=(6,4)

@ Lyt = x+2y—-14=0

2x—-y—-8=0

© P= [1(0) +k(10) 1(7)+k(2)\ [ 10k 7+2k\
C &1 7 k+1 ] \k+1"k+1/
If Plies on the circle,

(39)-4'+ =) -

(6k 4)’+ (7+2k)? -30(k+ 1)2

10K 80k+35=0
. 161\/2_06 f
AD _ 6-0 3
DB3 10-6 2
- k<—ifPliesbuwaeMandD.
AP 5v2
ie. ;‘D-k=4——

16C.15 HKCEE MA 199 -1-12
(a) A=(10,0), Radiusof 2 =7
RO 0Q RO 1
® @m=7F = RoF10-
*. x-coordinate of R=

e _ 1 >
(c) mop=tan ZQRO = 0% m

wiw

Alw

3 5
@ Emorop y 0=3(x+3) = m-ay+5=0

(¢) By symmetry, the other tangent is:

y—O--T x+§) = 3x+4y+5=0

16C16 HKCEEMA 1995-1-10

y 7_9-17 1
(a) dex 9=1 3 T

149 947

= x+4y-37=0

&) Misgtota= (12.237) = )

Slope of L biseciorof AB =4
‘. Eqnof L bisectoris: y 8=4(x 5) = y=4x 12

4x=-3y+12=0
= G=(612
{y-k—-lz @)

() Radins=+/(6 12+(12 9P=v34

Eqnof €: (x—6)2+(y 12)2=34
24y 12x 24y+146=0

(@ @) Let the mid-pt of DE be (m,n). Then G is the mid-pt

of (5,8) and (m,n).
5—21&') =(6,12) = G=(myn)= (7,16)
1

Gi) mpg = mpp = <=

s BQofDE:  y—16=—t(x—7)
= x+4y 57=0



16C.17 HKCEEMA 1996111

@ G €:lx~02+r-2=2 = 24y* 4y=0
(i) B=(0,4) = EqgnofL: y=2x+4
{L:y=2x+4

® G+ (y-2)2=25
2+ (2x42)2=25

52 +8x=21=0 = .‘:--301"Z = y=—2a'-3-4;

) R=(~3,-2) ’

- 2=(3.
© @ R.q.pt-m'd-ptd'gk=(-5_4,l?2)
(i) Reg. pt = Intersection of AQ and %,
-tlhep!'P'MlhAP‘ PQ=2:(5-2)

[3(0)+2(3) 3@)+2(%)) (14 98)

\ 2+3 7 243 ] \25°'25
16C.18 HKCEEMA 1997 -1- 16
(a) ) ZEAB=90° (tangent L radius)
. LFEA+ LEAB =90°+%0° = 180°

. AB//EF (mt Zs supp.)
(i) £FDE=ZBDC (vertopp. £s)
=/DBC (base s, isos. AA)
=/FED (alt.Zs,AB//EF)
. FD=FE (sidesopp.equal£s)
(iii) If the circle touches AE at E, then its centre lies on
EF.
I ED is a chord, the centre lies on the L bisector of
ED.
.". The intersection of these two lines, F, is the centre
of the circle described.

6-2 3-1
(b)C-T—) (2,1)

. FD= FE,
s LetF= (-—%—Z,k) =(-3.%)
F, D, Ccollinear = mgp mcp

k=3 _ 3-1 7
7
, F= (—3.5)

G-z T k=3
16C.19 HKCEEMA 1998 -1-15
(a) Centre of G; = (11,~8), Radius of C3 =7
Dist btwn the 2 centres = /(11— 3)2 + (~8— 0) = 10
*. Radivs of C; = 10-7=3
. Eqnof Cy: (x=52+(y=-0P =32
= P4)P—10x+16=0
() Let the tangent be y == mx.
y=mx
24+)R=10x416=0

A=100-64(1+m?) =0 = m-i%

= (1+m?)P ~10x+16=0

1
.. Thetangents are y = :tix

=3x 5
2 {(x-u)’+(y+s)2—49 - P-Ms+136m0

Snmofm-~39=24 = x-coor of mid-pt of AB = 12

i

- y—coor-:i-l-(lz)=-6 = Themid-pt=(12,~6)

| 16C.20 HKCEE MA 1999-1-16

(@) () 4£BFE=/BDE (s inthe same segment)
=/ZBAC (com. /s, AC//DE)
. A, F,B and C are concyclic.
(converse of /s in the same segment)
@) " ZABC=90° (given)
. AC is adiameter of circle AF BC.
(converse of £ in sem-circle)
= Mif;hegenmofdxcleAFBC = MB=MF
® @ mpe= 01 =1
—-ﬂ—l—m
mps= 2 9 iPQ

-. PO//RS
(@ Bqn of OS: -—-—_17—_”— = y=5x+17
0+2 7
y-5x+17
X4y PH0x=6y+9=0
RH(Sx+17)2+10x 6(5x+17)+9=0
26x%+150x+196 = 0

x-—2m‘—2
1= (-Ba(-F) )= (-3-5)
=T (ﬁ’s )t 13’ 13
(iii) Method I
Let the mid-pt of PO be N = —Tng)

o (@ -/
) 3 2
:'\/N%N;”;*% '1_27)1= V 326
nee, 3

If P, Q, O and T are concyclic, the result of (a)(i)
should apply, i.e. NO =NT. Thus they are not con-

cyclic.

Method 2

.. O+ 1mii

) Mmqr_—“—‘-g 0+-;
LPTQ# %0°

ThuS. £LPTQ + £POQ # 90°+90° = 180°, and P,
@,0 and T are not concyclic.

16C.21 HKCEEMA 2000-1-16
@) In AOCP, £CPO=90° (tangent L radivs)
ZPCO=180°-30°~90° (< sumofA)
s LPQO=60°+2=130° (£ atcentretwice £at ©@%)
(b) () 4SOC==LPOC=30" (tangenl properties)
LPQR= 1:82-005 (opp. <s, cyclic quad.)
=]
= ZRQO =120°~30°=90°
*. RQistangent o the circle at Q.
(converse of tangent 1 radius)
(i) OC-\}62+?'-=]0
CQ=CP=0Csin30° =35
v 0C:CQ=10:5=2:1

N Q=4(9.12)
Moc=§ =» qu--T
.. Eqn of QR: y |z-:3(x-9)

= 3x+4y-21=0

16C.22
@ ®

® @
Gi)

16C.23
® ®

(i)

16C.24
@

(]

HKCEE MA 2001 - [=17

Centre = (g o), Radivs =

2
2

~. Eqnof OPS: A U . 4%
B N

‘ >

S(a,b) Hes on the circle

= +bi-pa=0 = S+b*=pa
. 08% =(a=0p +(b—0)*=a*+b?

= OP-0QcosLPOQ

‘Otherwise’
ZOSP =90° (£ insemi-circle)
In AOPS and AOSR,

ZPOS = LSOR (common)

LORS = LOSP=90°  (proved)

" Aogg ~ ggSR (AA)
= 55-53 (corr. sides, ~ As)
0s* =0P-OR
= OP-0Qcos ZPOQ

In circle BCE, ZCEB=90°

(£ in semircircle)

i.e. BE is an altitude of AABC.

By (a),

circle ACD.

CG* = AC- BCcos ZACB
Similarly, AD isan altitude of AABC by considering

= CF2?=BC-ACcos LACB = CG*

. CF=CG

HKCEE MA 0@ -~ [§

A=(c 10), B={c+nr0)

-t
et 0- c-—r)’r—c
0= (c+r) r+c

AD 18F = £-.Z

mpr =

ie. OD-OF = CG*-0C*

H MA 2003 -1-1
In ANPM and ANKP,
LPNM = LKNP
LNPM = ZNKP
ZPMN = ZKPN
. OANPM ~ ANKP
NP _NK
D —
NM NP
NP2 =NK-NM
. RS//OP (given)
* OKRM~ AKON and
RM KM SM

=0G*

(common)

(£ in all. segment)
(£ sum of &)
(AAA)

(corr. sides, ~ As)

DKSM ~ AKPN
KM

ON KN PN
SM

RM
=

KN

N
Similar 10 (2), wehave NO? = NK-NM

NP =NO
Hence, RM =MS.

368

®) @

‘With the notation above, note that O4 (extended) and
PB (extended) are diameters of C) and C» respec-
tively.
‘. FA=AMand MB =BG
(L from centre 1o chord bisects chord)
Hence, FG=2AM +2MB=2AB=2p
(i) "* M=(a,b)and FA =AM,
= F=( ab)
Since AQOP ~ AQFGand FG= 20P, we have
FQ=20Q = Oisthe mid-ptof FQ

= Q=(q, b)
(iii) Note that QM is vertical. Thus QM L RS.
In AQMR and AQMS,
oM = QM (common)
RM = SM (proved)
ZOMR=ZQMS =90° (proved)
. AQMR 2 AQMS (SAS)
= QR=0QS§ (corr. sides, & As)
i.e. AQRS is isosceles.
16C25 HKCEEMA 2004116
(a) In AADE ard ABOE,
/ADE = LEBC (alt. Zs, OD//BC)
=/BOE (£ inalt. segment)
4DAE = LOBE  (ext. Z. cyclic quad.)
AD=BO0 (given)
. AADE2 ABOE (ASA)

(b)) DE = O0E (cormr.sides, = Qs)
£BOE = /ADE (proved)
=/AOE (base £s,is0s. D)
i.e. ZAOB =2/BOE
S, LBEO=LAED (com.Ls, = As)
=/ZAOB (ext. Z, cyclic quad.)
=2/BOE (proved)
(c) Suppose OE is a diameter of the circle OAES.
(i) ZOBE=90° (£ in semi<ircle)
In AOBE, £BOE = 180°—90°—~ (2£BOE)
(£Zsumof &)
34BOE =90° = /BOE=30°
(i) OB=6 = BE=O0BuanlBOE = E=(6,2/3)
o0E=-28__4/3

Mid-pt of OF = (3,v3)
. Eqnofcircle: (x—3)2+(y-v3)2 =

sy
2
= X4y -6x 2V/3y=0



16C26 HKCEE MA 2005-1-17
@ () . MNisadiameter (given)
. LNOM = ZQRP = %0° (Zin semi-circle)
In AOQR and AORP,
ZROQ = /POR =90° (given)
ZQRO = LQRP /PRO

=90° ZPRO
ZPOR =180° = ZROP—-ZLPRO
(£sumof A)
=90° ZPRO
= ZQPO = /LPRO
ZRQO = LPRO (£sumofA)
. AOQR~ AORP (AAA)
OR OP
=0 (corr. sides, ~ As)
OR*=0P.0Q

(i) In AMON and APOR,
INMO=LQRO (Zs in the same segment)
=ZRPO (proved)
/MON =/ZPOR (proved)
LMNO= /RQO (<sumof )
. AMON ~ARQO (AAA)

®) (i) OR=+OP-00=v4-9=6 = R=(0,6)
Gi) Tn APOR, PR=+/42 562 =/51
MN PRV V5 WE 1
ON OR_BG - 3 2 2
Radnus:—-!-?s—
Leuhewnuebe(h.G-'-z) (h,3)
(since it lies on Lhe | bisector of OR).

= (h o')im'ﬁi&% = h--g (h<0)

.. The centre is (—;,3)

16C.27 HKCEEMA 2006 -1-16
(@ () - Gisthe circumcentre (given)
., SCL BC and SA LAB (£ insemi-ciccle)
* His the orthocentre  (given)
. AH.LBC and CH LAB
Thus, SC//AH andSA//CH = AHCSisa //gram
(i) Method 1
- LGRB={LSCB=9%" (proved)
*. GR//SC (cor. £s equal)
. BG= GS =radius
7. BR=RC (intercept thm)
=% SC=2GR (mid-ptthm)
Hence, AH=SC=2GR (property of //gram)
Method 2
" BG=GS = radius
and BR = RC (A from centre to chord bisects
chord)
= SC=2GR (mid-ptthm)
Hence, AH =5C =2GR (propertyof //gram)
®) (i) Letthecircle be 2+ + Dx+Ey+F =0
P +1224+00+ 12E+F =0 D=2
(~6)*+02~6D+0E+F =0 = {(E=-10
£+ P 4+AD+0E+F =0 F==24
. The circleis x®+)?+2x—~10y 24=0.
@) G=( L.,5) = GR=5
L H=(012 2x5=(0,2) ®y@G)

. 5-0 5 2

(i) mBG MGH= {6 " TT=p = 3#~1
.. ZBGH #90° = /BOH+/BGH #180°
Hence, B, O, H and G are not concyclic.

16C.28 HKCEEMA 2007117
(a) () . Iistheincentre of AABD (given)
. ZABG= /DBG and {BAE = LCAE
In AABG and ADBG,
ZABG =/DBG (proved)
AB=DB
BG =BG (common)
. DABG= ADBG (SAS)
(i) . AABDisisosceles and ZABG = ZDBG
.. 4BGA =90° (property of isos. A)

In AAGY and AABE,
LAGI =90° = LABE (Zin semi-circle)
ZIAG = LEAB (proved)
LAIG = LAEB (£ sumof A)
5 AAgll ~ DABE (AAA)
BE
AG A8 (corr. sides, ~ As)

() () > AG=DG
. AG=(Diameter CD)=2
=(25x2-@25—11))+2=18
s G=( 25+18,0)=( 7,0)
G) By @i\ Gl=2xAG=9 = I=( 19)
Radius of inscribed circle =G/ =9
=~ Eqnofcirdeis  (x+7)*+(y—9)2=9*
= X+)y +14x 18y+49=0

16C.29 HKCEE MA 2008 =1~ ]7
(a) Methodl
.+ Iis the incentre of AABC (given)
*. ZBAP=/LCAP
BP=CP (equal £s, equal chords)

Method
. I'is the incentre of AABC (given)
' LBAP= LCAP
£BCP = £BAP (Zsin the same segment)
= JCAP (proved)
= /ZCBP (s in the same segment)
= BP=CP (sides opp. equal Zs)

Join CI. Let ZACI = ZBCI =0 and ZBCP = ¢.
ZPAC =¢ (equal chords, equal Zs)
= LPIC= /[PAC+LACI=0+¢ (ext. ZofQd)
= ZPCI
IP=CP (sides opp. equal £s)
ie. BP=CP=1IP

® ® Lapa( 8016—4- I:)_.( 8,k)
- BP=IP
. (=8+3802 4 (k 02=( 8 0)+(k-32)
5184 +k2= 64+k? 64k+1024
k= ~64 = P=(~8,~64
. P=( 8,-64)
Mmsormlemc-,/slsu(-u =+/9280
", Eqa of circle: (x+8)2+ (y+64)% = 9280
= @4y +16y+128y 5120=0
(i) Method |
cmaarz 2o R
. (~8+80) +(g ~0)2 = (g+64)
12 4gt= g§+1283+64z
g=285
. Q={(~8, 64+2GP)
=(~8, 64+2(85+64))=( 8,81)

Method2
Let the equation of circle be x? +y? + Dx+Ey+F =0

(~80)2+0® 80D+0E+F =0 D=16
64% 40> 464D +0E + F=0 E=-17
( 82+ (=64)>-8D SE+F=0 F=-51204

. Eqnofcircle is 2 +y* +16x 17y 5120=0
Putx= 8 = y?—17y-5184=0

= y=8lor 64 = Q=(~8,81)
DMk 81 0 81— 32 441
B0 Q= g 55 g0 64 %!
= LBQI#90° = ABQIMBRI#ISO"
.*. They are not concyclic,
Method 2

Mid-plofBl=( 2040 °+&) ( 40,16)

Bl =\30T1321 = »ﬁ—
.. Eqn of circle BRI:
(x+40)2+(y 16)* = (V7424 +2)?
P+ 4+80x 32 =0
Put Q(~8,81) into the equation:
LHS = (—8)*+ (81)2+80( 8) 32(81)
= 3393 #RHS
Thus, O does not lie on the circle through B, Rand 7.
The 4 points are not concyclic.

16C.30 HKCEE MA 2011 ~1-16

@ S=(16,~48)
R={( 32+2x (16+32),~48) =(64, 48)
Method 1
Mid-pofPR-(
a2 48 80 _—__8_

64~ 16

.. Eqn of L bisector: y— 16=:l-(x-40)

= 3x-By+8=0

f,ix 1674-1;-3?- 1/(; &F+Zy+487

L4y -0 160y+665 =x* +y2  128x+96y+ 6400
96x 256y+-256 =0 = 3x By+8=0
(b) Siace PQ = PR and PS.L QR, PS is the L bisector of OR.
(property of isos. A)
Thus the circumcentre of APQR is the intersection of the
linc in (a) and PS.

16+64 80_48

52) = @0,16)

Pux=16 intotheequin(a) = y=7 = (16,7)

© @ Radinsxm 17=73
sqnofc (x=162+(y 7)?*=73
= 2+y? 32r 1dy-5024=0
(ii) If the centre of C is the in-centre of APQR, its dis-
tances to each of PR, OR and PQ would also be the
same (the radii of the inscribed circle).

From (a), the foot of .L from centre to PR = (40,1
= Dist from centre to PR= - + 16,
657

Dist from centre to QR =7~ ( 48) 565 /657
Therefore, the centre of C cannot be the in-centre of
APQR. The claim is disagreed.

16C.31 HKCEEAM1981-11-6
V3

(@) Ci: Centre= (o -Z) mhs-\[@,:;T

Cu Cmue:a(~3 2), Radius = V37422 —8=1/3
(2(0)+1( 3) =>+x<-m_(_, -3
\ 1+2 1+2 ’

®) Wdliijgmm:%Ls_:2=—?
.. Eqnofig: y+3-;1}(x+1) = 2=y 1=0
16C.32 (HKCEE AM1981~1I-12)
Liy=mx+2 2 _
(@ @) {C:x3+y"=l = 24 (mx+22=1

= (14+m*)? +dmx+3=0
*. xgand x; are the wots of this equation.

. —4m 3
Gi) = tR=1 =1
= AB=V[x =x) +(i—-y)r
= /(X1 ~X)" +(mx1+2—mx; 2)*
=+/lx1 = Z Fmix —X)¢

= VI +m)[(x1+x)° — dnx)

= +m) 16?2 12 ]
TN T 14

_\/E?:n(HmZ) N [;F_Ls

- T+m? Vm+1

m 3
2 disth 24— 2
®) @ nctpts = \’nﬂ+l>° = m*-3>0
= m< Viam>V3
(i) TgtoC = 2 "e_szo = m=+V3
il

(i) Nointsn = mz"-'z—:_sl <0 = -VA<m<V3
(¢) Form =v/3, theegn in (2)(i) becomes

107 £4V3x43=0 = 2= “"go’h‘r ‘?
= y= :b/i( ‘/_)4-2:;—

.~ Equnof PQis ys% (since itis horizontal)



16C.33 (HKCEE AM 1982-11-8)

@ B m=35

*. Req eqn: y-6=§(x—5) = y=%x-6
(i) Henge'

Sx+1y=232 _ (%018

{ =8x-6 7 (“’)“(ﬁ‘ 13

Radi usof ¢ rcle= (5—:—2) +(ﬁ—%) =$

. Eqo of C: ~5)2 4+ (y—~6)2=52
= 2 +y—10x—12y+36=0
Let Cbe (x= 57 +(y-6)* =
{5x+12y=32
(=52 +(y—6)2=7
32 -5
- Gmspe (2 -) -2
2902 8.3 20
lq-r 9x+ 5 r=
A=(6._5.) _4.12(&_,3)-0 = ~=25

9 144\ 9
~ EqnofC:  (x~5)*+(y-6)2=5*
= 24y —10x—12y+36 =0
() Method |
x-coordi mte of centre =5 = radiuvs
*. C touchesthe y-axis.
Method 2
Pux=0 = »—12y+36=0 = y=6(repeated)
-, y-axis istangentto C,
(c) Let the tangent be y= mx.
y=mx
224y =10x=12y+36 =0
= (1+m)2 =2(5+6m)x+36=0

A=4(546m)2~4.36(1+m*) =0 = m=

Sl

.. The required tangeatis y = 15—2.:

(d) Let Q = (m,n) Since M s the o d-puf PQ,
A 208) (59 - (m= @10

Let x2 4+y? + Dx+ Ey+F = 0 be the circle through P, Q
and O.
0’+o‘+oo+os+r-o D=62
22422 +2D4+2E+F =0 = (E=-66
82+ 1024+ 8D+ 10E+F =0 F=0
.. The circleis x? +y* + 62x— 66y =0.

16C34 HKCEE AM 1984-11-6

(@ 9+§-2h+%+69 -2=0
us = -2)>1

F+4k“ 62 +2> 12
<1
-1<k<1

16C35 (HKCEE AM 1985 - I-5)

) K\ (2+k\?
® Raais=1/(3) +(3FF) =8
——+l+k+£ =5
4
2 4+2%=8=0 = k=-4dor2
) k==4 = 24y —dr42y=0
k=2 = 24+y+2-dy=0

16C.36 HKCEE AM 1986—1 - 10
@ O C i+ —dx+2+1=0
Ca: 2 4y? ~10x=4y+19=0
= 6x+6y 18=0 = y=3-~x
= 24+3-12-dx4+23-0)+1=0
22 —12x+16=0
x=2o0rd
y=1lor~-l
Hence, A and Bare (2,1) and (4,~1).
) y-l_-1-l_—_l
- EanofdB: = =3
= x+2 4=0
The required circle has AB as adi ameter.
244 1-1
Mid-ptof AB = ( R )—(30)

AB= J@=2F+(-1-1)'=V8
(x=37+ (=0 = (‘/75)

=» £+y2-63+7=0
(b) Centre of Cy =Centre of C; = (2,~1)
Radi usof C3 =Dist. from (2,~]) to AB

= y/(Radi usof C)* - (3B}

G

~

- Regq,circleis:

= + -l=2=
. Eqnof 3 (k=224 +12 =2
= R+ —4x+2y+3=0

16C.37 HKCEE AM 1987 -0 -11
(@) () Methodl
Cy:(x=8)2+(y 2=
=> Radiu$ =2 = y-coordinateof centre

(xcoordinate of centre,0) = (8,0) = A.

Method 2

Puty =0 = 2~16x+64 =0 = x=8(repeated)

.. A(8,0) isthe only ptof contact of Ci and x-axis.
(i) Let OHbey=mx.

iy
x4y = 16x—dy+64=0
= £+(mx)=—16x—4(mx)+64=o
(14 nP)2 = 4(8 +m)x+64=0
A=16(4+m)*=4.64(1 +m?) =0
+8m+16—16—16m? =0
15m*=8m =0
—Oor%
8
..EqnofOHisy—E:
(i) By symmetry, m-ﬁ

. EqnofBH: y~0= ——-(x—16)

*. Ci touches the x- axis,and the poi ntof contactis

(b) G) SubA = 82+0*—16(8)+0+c=0 = c=64
Method L
4x+3y=0
L4y =16x+2fy+64=0
-4 \* -4
2 (? ) —lﬁx+2[(Tx) +64=0
25, f
-;,r-s(2+'3')x+64-0
A-64(2+f) -4 2_5 64=0

ol -2

f=4o0r-16
Since the centre isin Quad 1V, £ >0. .-, f=4

Method 2
Suppose the point of of OK and G, is P. Then
OP=0A=8. LetP= (P,:;P)-
-4 \3
(P)’+(-5-p) =3
FP:-“ = p=t£
As Pisin Quad TV, p-? = p,(%‘:.:})
PuumoC:
)+ (=Y -16(3) +27($8) +64=0
8 r_
~$f=0
f=4a
(ii) Putx=8into OH and OK respecti vely.
o = y-i(s)-ﬁ - y-(gﬁ

15
oK = y-—(8)—:-32 - k=(s )

Areaof AOBH  y<oorofH % 2
" Awaof AOBK —(ycoorofK) % 35

16C38 (HKCEE AM 19881 11)
(@) Method ]
Lﬂs (h, k).
IﬁS.L(x—Sy+S9 0)

§ _-m,ﬁ_}l--s = k=-5h+17

. SK=SH

L (=124 (k= 120 = (h43)2+ (k- 6)°
~2h—28k+145 = 6h — 12k+45 = 2h+3L=25

Solving, h=2, k=7 = S=(2,7)

Method 2

Eqn of KS: y—lz-i@—l) = y=-52417

Eqn of L bisector ofﬂit’
(x= 12 +(y= 12)* = (x+3)2+ (y—6)
= u&+3y=25
Solving, (x3) =(2,7) = S=(2,7)
(Note how different concepts gave simi larcalculations. )

Hence,
Radi usof C = /(1 =27 + (12— 7)2 = V26
»Eqnofc (x=2¢ +(y—7 =26

= 24y -dx—14y+27=0

) L:3x=2y-5=0
c-x=+y1-4x-14y+27=o

ar«)-(sx_ -4:-14(3"2‘5)+27=o
13 65 273-0
4 2 3
x=30r7
= y=2or8
. Aand Bare(3,2) and (7,8).
= Cenre of circle= (22,222} = 5 5)

Radi s v\/ﬁ-s‘}fﬂa_f)f- -m Vi3

Emo!cucle: (x 5P 4+ (y- 5)3-13
= 24y =10x~10y+37=0

16C39 HKCEE AM 1993 —11-11

® AB=. (3-0)=+(§-z) =2

Radiusof Cy =y-coordnaeof3=§

RﬂusofCl—RadiusofC3=4—%=
*. Cy and Cz touch i rternally.
(b) AP =4 - Radius of circle
P4(t-2P = (@-1)?
SRt +4=16-8+1> = 4=12-5

©) BP= l—43- <+ Radi usof circle

(s—3)*+ (1-3)2 = (E-H)z

4 4

) S

4=12-¢5
@ {31 =(s-3p

= 3(12-5) =4(s—3)2
36—3s% = 452 = 245+ 36
I ~24s=0
o“?ﬁ = l—3ari

.'.There(gdredcudesm(x o)=+(y 32 =3% and

("1’7_4) ( ) (49)

16C.40 HKCEE AM19M 19
@  (h=SP+(k=5 = (h=TP+E-1)
~10A+25~10k+25 = ~14h +49 ~2k+1
dh=8k = h=2%
Hence, the equati onof Cis
(x=h)+ (y=k)? = (h= 5P+ k= 4)*
2 43P ~2hx=2ky = 10k + 25— 10k +25
22 4y = 2(2Kk)x= 2y + 10(2k) + 10k— 50 = 0
X+ )P = dkx — 2%y +30k—50 =0
®) DenatelhecemreobeyG.

msG = T=—2
hT‘_-z » kel=-2% 7) = k=3
- EquofCis 24y - - 40)=20)y+30() -0 =0

= 24+y2—12x 6y+40=0

=AB

N
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16C.41 HKCEE AM 199511 10
@) Ci:(x=8)%+ (y=0)2 =102
. Centre = (8,0), Radius =10
~. Radius of C; = (Dist. btwn centres of C; and C3) ~ 10
=15-10=5

® VU-8F+E—07 10=R+7:+(k-0)2 5

h1+14a+49+x-1 (VAT =16+ 8a+R2 -s!
40==l + 64+ k-

(3). 4P = 16h+54+k=
91:’—241n-i—l6=h2 16k + 64 +42
8 =12 ~8h—48=0

© @ ,=‘$=m

(The centre lies on the L bisector of the segment join-
ing the two centres. This is true because the radii of
C2 and C; are the same.)
(ii) From (c)@), k=20
Put into the result of (b):
82— (20)* ~8h—48=0
B=h 56=0 = h=8(rj) or =7
Centre =( 7,20), Radivs =20-5-15
.. Eqn of req. dircle: (x+7)-+(y 20)2 =152
= R4y +14x—40y+24 =0

16C42 (HKCEE AM 1996~1I 10}
(a) () Centre = (4k,3k)
Put into the line: LHS = 3(4k) 4(3k) =0=RHS
.. The centre lies on 3x~4y = 0.
() Radius= + —1)=v25=5
(® Slopg%
Pick a value of k for G, e.8. Co :x3+y* ~25=0.
Let the equation of langent be y = zx+b.

3 \2
= xz+(—+b) 25=0

%%:-«- 2px+b7-25=0

25 25
4 1—6(5‘-25)-0 = b=t

{ Fx+b
24y 25=0

3\2
A= (Eb)
.. Thetangenisarey = %xt T
(c) Distance = y-coordinate of centre = 3k
(Ifk is negative, the distance is —3k.)
— (P 4@ = k=l

A B

16C.43 sHK@EAMlm-—H Zz

{L:x-7y+3=0

C:(x 2)2+(y+5\=a

= (y-3-2P+@+5P =a = 50° 60y+50 a=0

- A=3600 4-50(50—a)=0 => 18 (50—a)=0
= a=32

16C44 (HKCEE AM2000-11_9)
@ (e+2e22+(y+ 2 -(sk+s)+(2k+z)=+(3" ')

(et 2+2)" 5 (y+-"—;-‘ =28
(x+2k+’)-"+ (v+ -sﬂ (@)
| () @) T;:ches x-axis -
+1 + _
> u*(-—z—) = k=-30r 1
.. The circles are 2 +(y—I)* =1 (C,) and
(x 4)2+(y=4)2=16 (C2)
(ii) Dist. between centres =+/({@— 002+ (4 1)2
=5=1+4

_g+_

*. Touch externally
(© h:nln centre of C3 be (a,b).
.* Collinear with centresof C; and C2
© Tomio=§ 7 bmget
*+ Touches x-axis
.. Radius =50
- Touches C; extemall
a=-ay+(b~ad) =4+b
az 84+16+b1 ~8b+16 = (4+ bR
& 8a+16 8b=+8b
& 8a+16=16b

=16(%a+1)
&=20a=0
= a=00r20 = b=1lorlé
-+ (C,1) is the centrc of C;
. Ciis (x=200P+( 16)*=162

16C45 HKCEE AM 2002 — 15
(a) Supposc the centre is G. Then
A -_-?ra of A?DE+A:‘=! of AGEF + Area of AGFD
= 5DE~r+ 58F~r+§FD~r
= 5(DE+EF +FD)r= %pr
(b) G) Perimeler of AQRS
= VBIF + VI FI4TEFIT
-4w/i+3\/5+5~/15=‘}2\/§\/_
4v2.3V2
‘., Radi G=3""""""-
fus of 2 é‘lz\ﬁ ﬁ
(if) Denote the points where C, touches QR and RS by A
and B respectively. Also let A be the cenire of C,.
Then RAHB is a square,

Thus, H = (2,5~2) = (2,3).
s EgnofCais (x—2)* +(y=3)%=2
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16C.46 HKCEE AM 200515
(@ {"".‘k‘
C:+y 4x=2y+4=0
=2 24 (x?~4x 2Akx)+4=0
(1480 2Q2+k)x+4=0...(+)
A=42+E2—-4@)(1+2) >0
P+dk+4 4-42>0

3R —ak<0 = 0<k<§

(b) From (a), equation of the tangent is y=§x

(c) (i) The xcoordinates of Pand Qm the roots of (¢).

16C.47 HKCEE AM 2006 _14
L:y=mx+c
L AL {J:f+,==,1
= P4 (m+cf =1
A +m)E+2mex+2 F=0
A=-4m2cz-4(l+m2)(c2—ﬁg=
M2 = = it + P2+ Pm? =
E=r¥m?+1)
(i) Put(h,k)into L: k=mh+c
L (k—mhf =3 =P mr 1)
® @ Pk’ﬂ‘ _"’r“-- = 3x—dy~5=0

= xeinlercept=

y-intercept = Ts

In the shaded tiangle,
1 5\~ 5 1§55
3" (5) *(x) =333 A
<

(i) Use (a)(ii) with (h, k)s(" 4)and r=1.
4= =m*+1 s

48m® S6m+15=0 = m=§a'l—2-

. _i5
e mm—ﬁ
(iii) Use (a)(ii) with (h,k) =R= (=5, S)andr=1,
(=5+5m)2 =m?+1 .

2nd —50m+24=0 = m=43°,§
4
“ mqg=§
LdQ {a,b). Then
—4
__7 =5 = Sa-126=-13
b+5 4

a+5 3
o omen=(323)

= 4a-3b=-5

16C.48 HKCEEAM200-7
Centre = (3,~2), Radius=5
Let C(m,n} be the diametrically opposite pt of A on the circle.
Then (ﬁ'z'-ﬂ ﬂ)- G 2) = C=(mn)=(~1,-5)
- ZACB=#8 (Zinalt, segment)

and ZABC =90° (£ in semi-circle)

AB =R +(1+6)
Z 0="—== =7
a0 =5c VO+1)2+( 6+5)

16C.49 AM 2010 — 15
(a) Letthecentre of C; be (x,).
Dist. between centres = Radius of C; — Radius of Cy
x 6)2+(y 5)=(x-5F
—12x+36+)* = 10y = —10x
Y -10y+36=2x = x=l,1 ~5y+18

(b) (i) ByPyth.thm, (x~0)*+ (y+3)’-ﬁ+x1
O+3P =52
y=2or -8 (j)
x-{(Z)" 5(2)+18

Cenm ot'Cz =(10,2)

(ii) Egnm of Cz: (x =102+ (y~2)*=10%
Let the eqns of tangentsbe y=mx~3.
y=mx—3
(x=10)2+ (y—2)* =100
= (x-102+(mx 5)*=100
(1+m?)2 10(m+2)x+25=0
A=100(m+ 2)2=100(1 + m*) =0

M dmtmel-m? =0 = m-:—s

.. Equs oflymy--Tax 3 and x= 0 (y-axis).



16C.50 HKDSE MASP-1-19
(@) () JoinBandC.

ZDAE = /DBC (Zs in the same segment)
=/ZPCB (ak.Zs, PQ//BD)
=/BAE (< in ak. segment)

In AABE and AADE,

AB=AD (given)
£BAE = ZDAE (proved)
AE=AE (common)
.. OABE = AADE  (SAS)
(i) " LBAE = ZDAE (com. Ls,= As)

.. AE is an £ bisector of AABD.

Hence, AE.LBD (property of isos. A)

=> AE is an ahitude of AABD.
BE = DE (property of isos. &)
= AE is amedin of AABD.
= AEisa L bisector of AABD.

Thus, the in centre, orthocentre, centroid and circum-

centre of AABE all lie on AE. They are collinear.
12-4
(0) mpg =mpp = =2
From (a)(ii), AC is a diameter of the circle.
Method 1
Let the circle be 2 +y* + Dx+Ey+F =0.

142 +4>+14D+4E+F =0 D=-18
82 4+12248D+ 2E+F=0 = {E=-I3
R 442 4+4D+4E+F=0 F=92

.. Thecircleis 2 4+y* — 18x— 13y+92=0.
= Centre =(9,6.5)

Method 2
of L bisec:o: of BD (x.e.
= = - 4) +
~16x+64—~ 24y+ 144 =—8x+16-8y+ l 6

x+2y-22=0

1444
Eqn of L bisector of AD: X = v
(¢ AD is parallel to the x-axis.)

Solving {::29"2'0 = Circumcentre = (9, 6.5)

Method 3

Lelthembe(m—*-‘ k) = (9,k).

Radivs =7 (0= B)T+ (= 127 = /(0= AP+ (E= 4
KAy 4 A v

k=65

. Centre=(9,6.5)

Hence,

Let C = (m,n). Then

(ZEE"50) =065 = c=(mm=(09)

- Equof PQ: y=9=2(x—4) = 2—y+1=0

16C.51 HKDSEMAPP-I-14
(a) ABCD~ AOAD
() () AD =6 T 12%=+/180

c_o_ﬁ S
ao-Va = CD= “xm-s

. €=(0,12-8)=(0,4)

(ii) ACis adiameter og thf.b chIe4
Mid-ptof AC= (-iz'—i) 3:2)

AC=VE+E=VE

- Eqnofcircle O4BC: (x 3P +(y 2)°= -\/-—7—

= x2+y —bx—dy=0

1652 HKDSEMA2012-1-17
(a) Radius = )-coordinate of centre = 10
. EgnofC: (x=6)2+ (y—10)2 =100
(b) EqnofL: y=—x+k
=—x+k
(x-6)3+(y-10)1-—100
(x— 6)’+(—x+L~10)--100
2r+(8 —2k)x+ (K 20k +36) =
Snmofn:ms:-—8 2”‘ =k-4
= x-coordinate of mid-ptof AB = Ii:i
k=4
""( 2 )'”‘
~4 k+4

*. Mid-point of AB = (—‘T)

y<coordinate of mid-ptof AB =

16C.53 HKDSEMA20I5_1_14

@ () Merthod I
Mid-pt of PQ = (;214,_l+23) = (=5,11)
m n_l =2 —_4
Pe= a3

3
- EqnofL: y-ll-—(x+§) = y=_x+2

E 4
Mehod 2

;7(:-4F+(y+ 1P = /x+ 4T+ (= BF

—8x+ 16+2y+ 1 = 28x+ 196 — 46y + 529

3x—4y+59 =0
3h+59
(ii) th-(h,—z—)
Rafias = Zg: " E wsgg‘
Eqn of C:

(x—h)*+ (y- W) 4 p4 (=1~

P =2hxty - 0y o 16— B4 1 4 MR

r’+y’—2hx- ‘°y+|_3_52‘_2!=0

224+ dhx (Bh+59)y+138 93=0

(b) If C passes through R,

2(26)% +2(43)% - 4h{26) — (3h+59)(43) + 13k B =0
2420-220A =0
h=1l1

% Dhmcm=z\/(4«u)1+(-x—-3-(‘-’j:ﬂ)’= 50

373

i)

I

16C.54 HKDSE MA 2016 —1—20
(a) Mahod 1

o

Let LOPJ=/LQPJ=6. (in-centre)
OJ =PJ=QJ (radii)
In APOJ, LPOJ=ZOPJ =8 (base Zs,is0s. )
In APQJ, LPQJ= LQPJ=8 (base £Ls,is0s. D)
In APOJ and APQJ,

ZOPJ = LQPJ =8 (incentre)

LPOJ = LPQJ =6 (proved)

Pi=PJ (common)
S APOJ 2 LPQS (AAS)
. PO=PQ (corr. sides, & As)
Method 2

Let ZOPS = AQPJ 8.
OJ=PI=0QJ (radii)
In APOJ, LPOJ =Z0PJ=86 (base Ls,is0s. D)
= LPJO=180°—-20 (Lsumof D)
= /PQO=(180°—28)+2=90"~9
(£ at centre twice £ at ©)
In APQJ, LPQI = LQPI=8 (base Zs,isos. 1)
= [PJQ=180°—-20 (<sumofA)
= JPOQ=(180° 20)+2=9%0°-0
(£ & centre twice £ & ©°9)
- LPQO=LPOQ=90°-0 (proved)
*. PO=PQ (sides opp. equal £s)

(in-centre)

Method 3

--"1R
belPJa(tmded meet the circle OPQ at R. Then PRis a
diameter of the circle.

o LPOR = LPQR=90° (<Linsemi-<ircle)
Let ZOPR=/QPR = 6. (in-centre)
In AOPR, PO = PRcos @
In AQPR, PQ = PRcosé
PO=PQ

OF¥Vauansvscnnas-

®) @ LetP=(x19).By (@),
oP=PQ

VEFIR = /x - 407 * @9 —30)
22 +361 =x*—80xr+ 1600 + 121
x=17 = P=(17,19)

Method )
LetChbe 2 +)y* +Dx+Ey+F =0.

P4+0>+0+0+F =0 D=-112
17241924+ 17D+ BE+F =0 => {E=66
40* +302+40D+30E+F =0 F=0

- EgnofCis@+y 112x+66y =0.

Method 2
The centre J lieson %_L bisector of 0Q.
Mid-ptof 0Q = (?.?’22)= (20, 15)
30 - _—4
g5 =g W mutkew =3
- Eqnof L bisector: y— 15 = -3.—(:—20)
125 —4x
3

= y::
LetJ = (h,k). Then
oo 125 4
(A= l7)g+ (k-192=(h 0+ (k—0)
h? =34k 4289 442 ~ 38k +361 =2 +i*

-34h- 38(”53 ah +650 =0
50, 2800
Th-_3 =0
h=56 = k=-33
!-:qnofcn

(x-56)~+(y+33)- (o 56)%+ (0+33)
= 24y =112x+66y =

@

[Approach One - Find Ly and L, |

3
LetLiand Lz be y= Zx-f-c.

=—=X+C
24+ —112%+66y=0
. (3 2 3
x4 gxte =112x+66 -x+c)-0

25 3c-125
ﬁ}+( N )x+(c +66¢c) =0
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(3c~—125)2

A= 7

2
4.3 (2 4660) =
—16¢> —2400c + 15625 = 0

. OP=PQand ZOPJ= LQPJ (proved)
.. OQ LPJ (property of isos. )
= LLPI (0Q//k)
=> Lpistangentto CatP.
(converse of Zs in the same scgment)

- EqaofLy: y 19=%(x—17) - ,-%N.?
i s=(T‘o),r_ °"4)
Lec the diameter of C through P meet C again al
174r 1945
R(r,5). Then ( R =J = (56,~33)
= R=(95-85)

‘" Laistangentto CatR . &

.. Egnofiy: y+8$-%(x 95) = y=p-7
625 -625

= v=(F0) v=(0777)

Therefore, (Me _thotl)

of trapezium STUV
= Area of ASTU+ Area of ASVU
,($+¥)(¥> +(*F+?)(%¢)

m_nm.bmoo = YES

Thcle.[on. (Me tholt)

o o 5) + (B0 -2
625 )’+(&s )’f_nﬁ

‘”"\/(““ o)+ -9 =T

4
Height of STU V = Diameter of C = 130

*. Area of STUY = Qﬁ;tﬂilgﬂﬂ

16 >17000 = YES

375

[Appmachm-rms,r.u.VwiumL,mz,,l
Method 3

Let the foots of perpendiculars from Pand Q to the x
axis beM and N respectively. Note that 0Q/ /L, //La.
" ASPM ~ DOQN

. PM_QN_3 =ty

M ov=3 = SM (19)—3

- se(ir 20)=(Z0)

3 25 ( 25
In AOST, 0T=zOS=T = T= O.T

1 25 _25 625
AmofAO.&‘T:r-,‘;><?><4 -+
(796t 798\ 2

725 (25) 125
S’-v( ) +(Z) -%
= Height of AOST from Oto ST (*h;")

Referring to Me__tho2 PR is the height of trapezium
STUVas PRLL).
. Height of AOUV from Oto UV (*hy")

= Diameter of C /iy =2v562+332 5=125

Area of AQUY = (
=625{Area of AOST)

AmofAOTU:( )(AmofAOST)
=25(Area of AOST)
Area of AOSV = ( ) (Area of AOST)

= 25(Area of AOST)
*. Area of STUV = (1+625+25+25)(A of AOST)

&I%

6

[Approach Three — Ahybrid of Me _thodsand 3]
Method4

LetL)and Ly be y= %x-H:

y=  x+c¢
£4+y  H2x+66y=0
2
24 (%x+c) —112t+66(%x+c) =0
15~x=+(3“2"5)x+(e+66c)-o
LR l”)z 3 L (@+66c)=0
-m-" 2400c+ 15625 =0
e ol
377
cor=2 =
. 4 ry
ov ou
= 61.—!!25 = &'225 (.- AOST ~ AOUV)
Thus,
Area of AOUV = (25)%(Area of AOST)
Arud’AOTU=(% (Area of AOST)
=25(Area of AOST)

Area of AOSV = (%;) (Area of AOST)
=25(Area of AOST)
Besides, for A0ST, 2F =slopem> = OS =2

Tas ToREEg 3
Al ﬂ.l.xgx” E
= Ama=2%3 %
. Area of STU V=1 +625+25+25)(A ofAOST)
=5 >17000 = YES
16CS5 HKDSEMA 2018 -1-19

(@) Eqnof C: (x 8)*4(y—2p=r
Likx=Sy-21=0
C:(x 8)2+(y 2)=r

SO s)=+(¥- )13,1

(x—8)? +(§'x ?) -2 =0

) _x:-ns x+25”i-r3=0

=0= (ﬁ"**‘) ('*E)(xz):l )

(iém) (+3) (F-7)

2561, _ (3Lk+200
25 = B +EY)
',__2561(25-6-15‘) (31k+200)?
- 25(25 + %)
961 — 496k + 64>
- B+
®) G PuDintoL:
K18) 5(39)=21=0 = k=12
7961 —496(12) + 64(12)

VB

i) e-:(o,:sl‘)
Denote the centre of C be G, which is the in~centre of
ADEF.
= /(IB=8FF(39 27 - VIasd
= LGDE=sin~! —- =749586°
= LFDE =2/GDE = 14.9172°
EG=1/(0 s)=+(-§1 2= 5
= /GED=sin —--2960445‘
= axo-ucs%:s.mso'

", LDFE =180°~14.99172° 59.208950°
=105.6°> 90°

16C.56 HKDSE MA2019-J~19
@) F8) = g (7 + (8- () + Bk+25))
=1 k(33+33k)-33

Hence, the graph passes throagh F.
® @& glx)=r(-x)+4
—k(( A4 (6k 2)( D+(9k+25)) +4

(e (6k 2)x+(3k 1

Bk 102+ (9k+25)) +4
(& 3k+!)2-9k=+3k+z4)+4
((x 3+ 172~ 3(1+£)(3k-8)) +4
m(x k+1R 33k 8)+4

“1¥k

N

_’_
T+k
1

‘Tl‘k(‘ 3k+1)* +28 -9k

S U=(3k 1,28 9%)
(i) As F varies, the circle is the smallest when OU is the
diameter.
Method 1
FOLFU = mpo mpy =1
289k (28 9%) 33
3k 1 (k=-1)=-4
(28-9k)* 3328 9K)= (3k-1)2+4(3k 1)
o2 225k-135=0
l:=3c|-—2—(rej-)
Method 2
md.ptofou-(z,%)

V-1 2)2+ (@8- 9%- 27 = \/Z+(3)
@k 17 43k-1)+(8 SR
33(28 %) =0
902 =225k - 135 = 0

k-3or%l(rej.)




(i)

The fixed point G is theimage of F afier the above

transformations. i.e. G =( 4,37).

Also, V =(3(3) ~ 1,28 —9(3)) == (8,1)

Method

omgErmgo = T 9‘ 1

.. Gis not on thecircle with 7O as diameter (which

is the circle through F, O and V). = NO

Method 2

The circle through F%%,33) 0(0 O%f)gd V@,1)is
+(

37 33 371-0

= 22+ F)p=2
2 24y 3y=0
Put G( 4,37): LHS = 180 #RHS = NO
Method 2"
Let the circle through F(4,33), 0{0,0) and V(8,1) be
24y +det+ey+f=0.

243324 4d+33e+f =0 d= 4
0 +02 +0d+0e+f=0 = {e=-33
82412 48d+e+f=0 F=0

Thus, the egn of circle FOV is * 4+ )2 — 4x—33y=0.
Put G(~4,37): LHS = 180 # RES = NO

16C.57 HKDSEMA 2020-1-14

la

b | 1"end L se puralicl.

et be b mid-poiot of A5
Then. GM L 4B (toe jokniag coctre tomid 1. of choed L chond).
Siace ABis borizmatal, GM s venical.
The scomdinaiealG = 2120
=10

Tic 108 o C= 4G

-2
Toereke. e equbion of Cis (x-19)° ofy-(-13)] 29°.is.
Fay? 2004 20y-300-0.

Siee Imd L aoe prliel, wo know that e siopeaf £ isequal 1o the slope

s15-0 3
ofl.le. 030 &

Lat Pu{xy).

y—oe%::-{-lb)]
3x-4y+30-0
mw—‘m Ir dy+30=0,

ot b i £AG0d be b i
Nowthat 0°50<180" =ad O°s¢d<lB0®,
0@ The slopeal4G
ud-ﬁ_—;—, t
-w-—%
0a 1803686985765
131301008
g The dopeof A
nagad
Fu36RBRNET

ZBAG +02180° (sd]. Zsonn.bas)
ZBAG 41431 301024%% 180°
LB4G » 638965
LGAH = LBAG +LBAH

16D Loci in the rectangular coordinate plane

16D.1 (HKCEEMA 1981(3)-1 7)
oy (4(l)+1(16) HO+U=10Y o
1+4 7 1+4 /
®) PulAmlolhe przbola: (4)* =4a(l) = a=4
Hence, the parabola is :r;= 16x. s
Egn of locus:  (x+4a)? = (x 47 +(y—0)
P+Bx+16=x2 8x+16+y
¥ = 16x
which is the given parabola.

16D.2 HKCEE AM 1987 1110
@ (1) =(x=1>+@ 0)°
R4utl=22 2+l+y
y1=4‘

16D.3 (HKCEE AM 1994 1I—4)
(a) (Not ethat PRy is parallel to the x-axis. Thus:)
Arca= 06— 4) =4

(®) (i) A pair of lincs paralle] and equidistant to PQ

>

/ 2
s

6-4
(i) mrg=m-'l

Since Ry is a point on the locus (from (a)), the line

parallel to PQ and through Ro(4,4) is:
y 4=1x 4 = y=x

Thus, theequationsare y=x andy = x+4 +4=x-8.

16D4 HKCEE AM 1999 - -10
@ 432+ Z=3(E+1+( 0P
B 46494y =322 +6x+3 +3)2
22422 =6 = L+y=3
(b) preofsegmm)oiningmnandT-E
a a
=% Slope oftg= 3
. Eqnoftg:  y ba—%(x-—a)
P = —ax+a®
ax+by (a+b5%) =0
ax+by 3=0 ( (a,b)liesonC)
(c) If thetangent in (b) passes through A,
a(~3)+b(0)-3=0 = a=-1
= b=+V3- =22
Since Sisin Quad . §'= (a,b) = (=1,v?2)
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16D5 (HKCEE AM 2004 - 10)

A pair of straight lincs parallel and equisdistant to OA
C OA=VFFE=5

" DistfromthcﬁncsloOA:——sa-OB

2x2

¥

16D6 (HKCEE AM 2011 - 16)
(a) Centrcof C = (0,5), Radiusof Cy =52 16=3
Radius of t heunknown circle=y

*, It touches C; external.
S (x=0F +(y=3)* —y+3
4y =10y+25 =y +6y+9

24+16=16y = Y'Tlg":'“

(b) @ Let (i k) be the centre of Cy.

Thmk-—d-l:2+l
=h 4k 40h 32 +656
0-/!2-4011 n(ﬁh'+l)+656
0= h* 40h+624
h=120r 52 (tsj)
. (h.k)-(12,~(12)'+1) (12,10)

= Eqn of Gs: (& 12)*+ (y—10)*= 10
= 24y 2dx 20y+MKa=0

(ii) The point of contactis collincar with the 2 ceatres,

which arc both points on §. Howcver, for a parabola
opening upwards, the line scgment joining 2 point son
the parabola (we call it a “secant’ line) must lie above
the parabola,

.+ The sentence is not correc .

{c) A circlethatsatisfies the first two conditions will touc hC
externally. Hence, it cannot satisfy the last condition.

16D7 HKDSEM A§E—I—
4
(@ mL‘-- = m,,..-—
.. Egnof Ly y Q-T(x—4) = 3x+4y 48=0

®) @
(ii)

I’ is the perpendicul arbisector of AB,
o T/
Method 1

Ly:4x 3y+12=0
{le :3x4+4y 48=0 = A=(3849.59
B={0,4)
.. EgnofI'is:
(k=384 +(y 9.120 = (x~0)*+(y 4)?
—7.68 1824y+97.92 = ~8y+16

3x+4y 32=0

Method 2
yintof Ly =4, y-int oflﬂ- 12

= y-mlsroep(ofl‘a =8

. Eqnoflis y= T‘H's

16D.8 HKDSEMAPP-1-8
(a) A'(3,4), B'(5,-2)
(b) Eqa: (x 3)’+(y—4)- x=52+(+2)?

8y+25= 10x = 4x—8y+25=0

16D.9 HKDSE MA 2012-1-14

@ ()
@)

() @

@)

16D.10
@ R
® @

(i)

r/jt

y-mtercept of I'=

(D+(3) _
e = 2

RHS = 1(6) -2 =0LHS

. I passes throughQ.

QH = QK = radius

(In fact, HQOK is a diameter of the circle.)

Besides, since A and B Fe on L, t heirperpendicular
distances to I' is thedistance bet weenL and I,

iz. The beight of AAQH with QH as base and the
height of ABQK withQK as base awe the same.

', Areaof AAQH : Areaof ABQK=1:1

HKDSE MA 2013 -1~ 14

(6,17)

Ha 4

g 1 3 .25
= Eqnof PR y 17-:_-;(x 6) = ymoxd o
i

PR:y-ﬁ.H-?

{L:4x+3y+so-o = F=( 142)

Method 2

Lat P = (a,b).

| rmnteTtal o 2073

T3 4 a=6 4

40+3b+50=0

{b 73 = (ab)=(~14,2)
a 6 4

Hence B
PR= [ 14 6p+(2 17)1=25
(l) P. Q and R are collinear.
) QR =radius of circle= Jsﬂ 171"'3 =10

s AraofAOPQ PQ 10 3
Araof AOQR m '2



16D.11 HKDSE MA 2014 -1 12
(a) Raﬁusd'c V6=07+ (11-3 )’=|o
. Eqnof C: (x-o)’+(y 3R =10
= P +y=6y-91=0
(®) () Eqnofl:
(x= 6+ (y— [1)? = (x=0)2+ (y=3)*
=12 =22y +157 = —6y+9
3x+4y~37=0
(i) I is the perpendicular bisector of AG.
(iii) The quadrilateral is arhombus.
*. Perimeter = 4 x Radius = 40
N

16D.12 HKDSE MA 2016 I—10
(a) Eqnof I':
(x 5P +(=7P=x=132+(~-1)?
~10x~ 14y 474 = —26x~2y+170
4x=3y-24=0
) H=(6,0), K=(0,-8)
Since ZHOK =90°, HK is a diameter of C.
=V&+8 =10
. Circumference of C =10z =31.4 >30

16D.13 HKDSE MA 2017~1-13
@ Radivs = /(-6 -2) +(5+17=10
S EgofC  (x-2P+ (412 =
=2 24y —4x+2y-95 -0
(b) =
FG= /(=3 ~2)2+(11+1)* =13 > Radius
.. Owside

Method 2 — From the general form
PutF: LHS = ( 3F+(Il)!—4(—3)+2(ll)—9$
=69>0
.- Outside
(©) () F,G and A are collinear.
y+1 11+1

(ii) Req.egn: — =-——3 % 12x+5y—-19=0

16D.14 HKDSEMAZ2019_[_17
(@) Let! be the in-centre of ACDE. Then the perpendiculars
from [ to CD, DE and EC are all 7.

r-CD r-DE  r-EC
+

r(CD+D52+EC) r(p)
S

= pr=2a

(b) (i} I istheangle biseclorof LOHK.
@) OK=14
OH =V +12 =15
AR =yO-TaF T 12-07 =13
Perimeter of AOHK =42

v
Area of AOHK = ”; 2.

Prom (), eaios of nscribed drclem 22X 3¢

7 4
Let the in-centre be J(4.4).

Method 1
By tangent properties,
HR=HP=15-h
0Q=0P=h
Q=0P=h = {(p=kQ=14—k
o HK=13=(15=h)+(14—h) = h=8

Mathod 2
Let the inscribed circle touch OH at P.
InAOJP, OP* = OJ*~ PP
= (VAT BP -2 =h?
In AHJP, PH* = HF =~ PJ
= (ﬂﬁm)’ &
=h* - 18h+129
; OP+PH = OH
h4VRE-TBRFID =13
B =188+ 129 = 225 ~30h+ A%
h=8

Hcm:e.

/=3.49) 4 12 4
b o=t LR

Eqnof HJ (i.e. ) is T8 9_3%
= y=8x—60

16E Polar coordinates

16E.1 HKCEE 2009 -1~
(@) £POQ =213°-123° =90°
. AOPQ istight-angled.
®) RB+242=252 = k=7
-, Pedmeter=7+24+25=156

16E.2 HKDSEMA PP—1-6
(a) £ZAOC=337° 157°=180°
', A, Oand Care collinear,
(b) ZAOB =247°-157° =90°
*. OB is the height of AABC with AC as base.
(13+15)xl4 =19

163 HKDSEMA2013-1_6

(2) L bisects ZAOB.

(b) Suppose LimfrsecBABat P.
240p="20""1" _ 00 0P =OAcos60r =13
-, The intersection = P = (13,10°+60°) = (13,70%)

16E4 HKDSEMA2016-[-7
(a) ZAOB =135°-75° =60°
(b) OA= OB= 12 and LZAOB =&0°

= AAOB is equilateral.
-, Perimeter =[2x3=236

(c) 3




