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Helen Liang Memorial Secondary School (Shatin)

Advanced level Pure Mathematics


Supplementary Lecture Notes

Analytic Geometry in 2D

Geometry on Cartesian Co-ordinates

A. Application of Matrix in 2D Co-Geom

A1
Translation

A2
Rotation

A3
Enlargement (about origin)

A4
Shear

Example A1
(92II10)

Let 

 be a Cartesian coordinate system on a plane and 

 be another Cartesian coordinate system with the same origin, obtained from 

 by an anti-clockwise rotation through an angle 

. Suppose 

 and 

 are the coordinates of an arbitrary point P with respect to 

 and 

 respectively.

(a)
Let 

, 

.


(i) Show that  



(ii) If the equation of a conic section in the coordinate system 

 is given by





,


     Show that the conic section in represented in the coordinate system 

 by







      Furthermore, show that 

 can be chosen such that 

 is a diagonal matrix.


B. Revision of basic Co-Geom

SYMBOL 254 \f "Wingdings" \s 12 \h
Point of division

SYMBOL 254 \f "Wingdings" \s 12 \h
Forms of straight lines (esp Polar form)

SYMBOL 254 \f "Wingdings" \s 12 \h
Distance between a point and a line

SYMBOL 254 \f "Wingdings" \s 12 \h
Locus problems

Example B1
Show that the circle 

 trisects the line segment from



(-3,0) to (6,3).

Example B2
A straight line with slope = 2 cuts the circle 

 at A and B.



Find the locus of the mid-point of AB.

C. Line Pair

A Line Pair is a second order equation representing two straight lines together.




General Form:  

, where 


(Note that the line pair 

 intersect at origin and is parallel to the above line pair. Similar concept applies elsewhere!)

Example C1
Find the intersection point of the lines in the line pair






Example C2
Find the slope of the lines in the line pair






D. Conics

Conic equation (in standard orientation) 


Parabola



Circle




Ellipse



    (same sign)

Hyperbola


    (different sign)

D1 Circle

D2 Parabola

D3 Ellipse

D4 Hyperbola

Example D1
Investigate the curve 

.

Tangent at a Point / Chord of Contact

Consider  a conic 

......(#)

If we replace the corresponding terms













If P

 lies on the curve, then the new equation is the tangent at P.

Otherwise, it is the chord of contact from P.

Example D2
Two lines passing intersecting at 

 touches the ellipse 

 at A and B. Find the equation of line AB.

Sometimes differentiation is used to find Tangent and Normal.

Example D3



A curve is given in parametric form 



(a) Find tangent and normal at 



(b) A, B and C are 3 points on the curve with parameters 

 resp. 

     Show that the normals from A, B and C are concurrent iff 



(c) Four points on the curve 

are concyclic iff 


Example D4


A straight line (L) is given by




.


(L) meets the curve 

 at points with parameter 

.


(a) Show that 

 are roots of 

.


(b) If 

 is the mid-point of chord PQ, 


      find the equation of PQ in terms of 

.


(c) Find the locus of the mid-point of the chord of 

 that are tangent to 




.

E. General Conics in 2D

General Conics 

 (in any position, orientation)
Can be changed to 

 by means of rotation.

The required angle of rotations given by 

.

Note that the value of an invariant 

 is constant regardless of the angle of rotation. Hence we can classify the general conic by the value of 

. (read a textbook over this subject).

Exercises

B1
Find the equation and length of the common chord of the circles 

 and 

.

B2
The tangent to a parabola 

 at a point P on the curve meets the y-axis at A and the x-axis at B. Show that A bisects PB.

C1
Given the line pair 

. Find the sum and product of the slopes of the two lines in P. Hence find the line pair perpendicular to P and intersects at the same point.

D1
M is the mid-point of a chord PQ of parabola 

. Tangents from P and Q meet at T. Show that the parabola bisects TM.

D2
P is any point on the hyperbola 

. Tangent at P meets an asymptote (

)  at T. The feet of perpendicular of T to x and y-axis are Q and R. Show that PQR is collinear.

D3
A hyperbola is given by the parametric form







Show that the equation on the chord given by two points 

is







If 

, show that tangent from these two points meets on the line 

.

Adopted from Roy Li’s notes at SPCS
Page 1

[image: image1.jpg]_935000243

_935000276

_936365074

_936365226

_935000307

_935000255

_935000232

_935000237

_935000225

