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U NIT F OUR • 


x2 2 
(Consider the eJ.lipse ~ + ~ ::::: 1. S,S1 are the foci, ZQ and Z1 Q1 the 

directrixes, PG, PT, PN are the normal, tangent and the ordinate at P.) 

Q1. 1 . 
ON = a cos 9 Tangent; x cos 

a 
9 + Y. sin 9 

b 1 

OT a/cos 9 y = 0 . .. x == 
a 

cos Q 
ON . aT = a cos 9 . a 

cos 9 

. ON . aT == 

Q1. 2. 

On 	 = b sin 9 x == 0 . 
= 1 

OT1 
::= 

b 
IS].n 9 

. 1 bOn 	. OT ::= b sin 9 . 
sin 9 

= b2 

ax by'Equ. of normal 	 ::Q1. 3. 	 cos 9 sin 9 

SG SO + OG = 
ax 2 b2 cos g(a2 _ b2 ).
at 	G Y a a - x acos 9 

:: 

. 2
SG 	 .. ae + ae cos 9 

.. e(a + ae cos g) ~ ae(1 + e cos g) 

(continued on next page) 
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Q1. 3. (conttd) 

SP2 (-ae - a cos 9)2 + (-b sin 9)2 

2 2 2 2 2 2 a e + 2a2e cos 9 + a 2cos 29 +(b2sin29) b =a -a e 
2 2 2 

=: a e + 2a2e cos 9 + a 2cos 9 +(a2 _ a e 2 )sin29 

a 2 (e2 + 2ecos9 + ~ _ e 2sin2g) 
1 

a 2 (1 + 2ecos 9 + e 2 (1 - sin29) ) 

2:::; a 2( 1 + 2ecos 9 + e cos29) 


(a(1 +e cos 9)2) :. SP = a(1 +ecos9) 


eSP ae( 1 + e cos 9) = 


SG 


• 
Q1. 4. SIG eS1p (to prove) 

S1G = OG - OS1 

2 ae cos 9- ae 


ae(ecos9 - 1) 


eS1p2 e «acos9 - ae)2 +(b sin 9)2) from 1.(3) 

2


e(a(cos9-1) 


eS 1p ae(cos 9 - 1) 


= S1G 


(to prove) 

2SG ae + ae cos 9 

PM = ~ + a cos 9 

2 2
 e PM ;::: ae + ae cos 9 


= 5G 


1
Q1. 6. Prove: L GPS1 ;::: L PM1S Note: 2 
2 bbsin9 {1-e ~Gradient of S1M 

a.@. - ae e 
:::; __b~s;;;.;;i;;;;;.n~9__Gradient of GP 

a cos Q-ae2cos 9 

a sin 9 
;: b cos 9 

1 b sin9
Gradient of S P = -a-c::;"o":;:s':;;'g;;;;'-'::;""a-e

a sin 9 b sin 9 
1 b cos 9 + ae - a cos9tanLGPS = 

ab sin2Q
1 + 2 

-abe cos 9 + ab cos Q . 
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Q1. 6. (conttd) 

a 2e sin 9 +c1~in 9 cos 9 + b2sin 9 cos 9 

-abe cos 9 ab cos2g + ab sin29 

::: a 2e sin 9 + sin 9 cos 9 eb:2 ~a2) 
- abe cos 9 + ab(cos29 + sin29) 

a 2 e sin 9 - a 2e 2 sin 9 cos 9 

ab - abe cos 9 


2
 a e sin9(1 - e ~os 9) 
;;; ab(1 - ecos9) 

ae sin 9 
b 

tan L PM1S1 

Q1.7. LPS1R = 900 (to prove) 

1
Gradient of PS = abc~!g9 

_ ae m1 

R(~, k)Gradient of RS1 ::: k - ° 

§. - ae 
e 	 to find k; 

bee - cos 9) cos 9 + y sin 9 = 1 
c sin 9 e b 

§. - ae 	 bee-cos 9)
e 	 :.y::: k e sin9 

be(e - c089) 
2 as sm9(1 - e ) 

1 1 
_ \)¢(e-cos9) 
- ~ sin9 (b)~ 

1 1 

aCe - cos 9)
b sin 9 = ID2 

bsin9 a(e-cos9) 
a(c08-e)· b sin 9 

... 
Q1. 8. 	 Sy. Sy1 (to prove) 

Tangent yy1 - if cos 9 . + y sin 9 = 1 
a b 

S( -ae, 0), S1 (ae,O) 

-aeb cos 9 - ab 
2 2 2/b2COs 9 + a sin 9 
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::: 

Q1. 9. 

To find M1and M. i cos 9 + t(sin g) = 1 

Y = ~(1-ICO~g)
Sln 

M(-a. b(1 + cos g)and sin 9 

b(1 - cos g) 
a sin 9 (1-e) 

m81M1 • n:t81M = 	 _b
2

(1 - COS2g~ 
a 2sin2g( 1 - e ) 

b2 1 

:; - ~ • 2/ 2 


b 

~ -1 (The result is identical when using 8 instead 
of 81.) 

Hence MM1 subtends a right angle at either focus. 
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Q1. 10. Y 


bx2 2 2	 2+ a m x

2 (b2 2
X + a m2 ) 

If Y = mx - c 
2~ 	= b

2 2 	 2b2+ 	a c _ 2a2mc _ a = 0 

_ 2a2mcx + (C 2 _ b2 ) ::: 0 

is a tangent then 

- 4ac ::: 0 i.e. 

~,~ _ b2c2 + b4 _ ~ + a 2b2m2 0 

2 2 2b2 2 + b4b c == a	 m
 
2 + b2


.'.C = ± /a2m 

Q1. 11. 	 to prove that the foot of the 
perpendicular from the foci lie 
on the auxiliary cir~le x 2 + y~ :::: 

(This question lends itself to a rather 
straightforward geometric solution, which 
is not part of the syllabus,) It is 
complicated to find the point of n of 
x 2 + y2:::: 2 . th x cos Q + Y sin 9 == 1.· a Wl 	 a b 

Instead; find 	the point of intersection 
of the tangent with the perpendiculars 
through Sand 	S1, then show that those 

222points lie 	on the circle x + y == a • 

Equation of tangent at P(a cot;l 9, b sin 9); 

x cos Q + 	Y sin Q ::: 	 1 (1)a b 

Gradient of a line l to tangent :::: 


Equation of perpendicular through S; 

a sin 9 
b cos G 

a 	 sin Q(xY b cos G 
a,,::, sin Q 

y b 	 cos 

(2) 	---7 ('I) x cos 
a 

2 x b co s 

_ 	ae) 

2a e sin Q ---(2)Q 
2

Q + (xa sin 9 - a e sin Q)sin Q = 1 
b2 cos Q 

2 2 . 2
9 	+ x a s ln 9 - sin2Q == ab2cos Q' 

ab~~cos Q + 	a3e sin2Q 
... x ~ 2 	 2 . 2b 	 cos Q + a Sln Q 

2by cos Q + aFrom (2) 	 x a 	 sin Q 

(3) -7 (1)90sQ • bycosQ+a
2

a a 	 sin Q 

------(3) 

esinQ + ysinQ - 1 
b 

1 2 2", 2 . 2", 2b "'. 	'" 2b · '" 0) y cos'" + ya Sln '" + a e cos'" Sln", - a Sln",:::: 

(cont-d) 
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2{ 4 . 4~ 2b2 2. 2~ 2b2 2. 2~ b4 4gaa Sln ~+a cos Sln ~+a. cos Sln ~+ CQS 
z;: . .rc: 2 2 2 . 2 4 4 a Sln g+2a b cos gSln 9+b cos Q 
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Y = a2b sin 9 - a 2be cos 9 sin 9 

b2cos2g + a 2sin2g 


ab2cos 9 + a 3e sin2g a 2b sin 9 - a 2be cos 9 sin 9Now substitute 2b2cos·'2g + a 2sin20 b2cos g + a 2sin2 g 

2into x + y2 a2 

LHS x2 + y2 

a2b4cos2g+a6e2sin4g+2a4b2ecosQsin2g
LHS = 	 +

(b2cos2g + a2sin2g) 2 

2 = a
 
2 2
RHS Hence M,L lie on x + y2= a

Q1. 12. (i) If 	PS is a semi latus rectum 

= ae andx 1 
2 2 

a e +
7 

• Y~ 

a 2 (1 - e2 } b2 = 2a

b4 
= ~ 

b2 
=Y1 a 

2bthe length of PS =~. units. 

(continued on next page) 
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Q1. 12. (cont1d) 

OR (ii) If pea cos 9, b sin 9) 

PS2 (ae - a cos 9)2 + b2sin2 g 

2 2 2 2a e + a cos g + b 2 sin2g Note 

but ae ::: a cos 9 
e cos 9 

b2
but 1_e2 

~ 

. PS 
a 

b2Q1. 13. To prove:OT . NG = 
XX 

1I At T we have --- ::: 12 a 

x = 
X 1 

gxa 2 2at G we have.~ = a - b 
1 

... OT 

NG ON-OG 

x 1 2 2 
= - ~(a -b )x 1 a 

1 
Z 2x 1 

= - l(~-e )x 1 

1 

2 
= X (1 - e )1

2bx 12 a 

2
aOT • NG x 1 

b 2 
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900 . 1. 14. 	 Prove: L TSK = 

(~, b2(ae - x »Hence K o 
yoae 

Then the gradient of the line 

Note that pp1 is a chord of 
contact with equation 

xXo YYo 
= 1-2 +-2 

a b 

pp1 intersects directrix x = a e 
when Xo + YYo 

ae 1;2 

... y = b2(ae - xo~ 
yoae 

( 2) 

joining T(xo'yo) S(ae,O) is 

(I ) 

yoae 	 yoae, 
( I )ID2 a aee 

ae - x 
=m2 Yo 

0 ( I) 
ae - xYo 	 0 

:;ID1ID2 - ae 
--, 

Xo Yo 

(I)::=: -1 

Hence TSK = 900 

(Notice; as p1 ~ P; T -...-:.} P, TS ~ PS, so this 
property applies for a single tangent at P als9. See example 
page 42.) 

Q1. 15. 

AI 

(i) 	(a) Let P be (a cos g, b sin g) 

b sinGradient of PA1 g 
= a(cosQ+ 1) 

Equation of PA1 =1 y = b sing (.x. + a)
a(1 + cos Q) 
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a 
x = e' hence we have y . . • K1(§.e' 

d " t f PA _ b sin 9Gra len a - a(cos 9 -1) 


Equation of PA· y - b sin 9 1) (x - a)
, - a(cos9

At K, x §. hence we have y = (1-e)bsin9 .•. K(§. (1-e)bsin9) 
e 	 e(cos9 - 1) e' e(cos9- 1) 

gradient of PK = 	(1-e) b sin 97(a = (1-e) b sin _~, ,_ 
e(cos9- 1) (-- ae) (2)( )

e a 1-e 	 cos 9 -1 

gradient of P1K = ~";":::'.L...:;.:"':;:':~~ (1+e) b sin 9 

a( 1-e2 )(cos 9+ 1) 

1 = -1 

(b) if P(x 1'Y1) instead of (acos9, b sin 9) 

Gradient of A1p =Y1 	 Gradient of AP = x 1 - a x 1 + a 

Y1 	 Y1
Equ. of A1p 

Y = x + a (x + a) Equ. of AP Y = x - a (x - a) 
1 1 

a Y1 a (1+e) ay1 (1 - e)a
Cuts x - where y = (x ) Cuts x = -e when y = .e e 1 + a 	 e(x 1 - a) 

a ay1 (1 + e) 	 . ( a:9-Y1 ( 1 "- e ~ ) ... K1 
e' e(x

1 
+a) 	 K e' e(x

1 
- a) 

gradient of SK1 ID2 = gradient of SK 
Y1a(1 + e) ay1 (1 - e) 

e(x + a) 	 e(x - a)
1 	 1 

a " ae - ae 	 e - ae 
1111 

Y1~,(1+e) y 1~~( 1 - e) 
= » 2;(;1 + a)\(1 - e 2 ) ~(x1 - a) it! (1 - e ) 

1 1 1 

Y1(1+e) 

2
(x +a)(1-e)1 

Y1(1+e) 

2 2)
(x 1 + a)( 1 - e ) (x 1 - a)( 1 - e 

Y~( 1 - e 
2

) 

2 2 2 2


(x 1 - a ) (1 - e ) 

(continued on next page) 
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b 2 (a2 _ X~) 
2( 2 2a - a )x 1 

-1 ."" KsK ::: 900 

(ii) K1X " KX = XS2 (to prove) 
I 

. J(a) using similar triangles (6. KXS,.J D. SXK1 ) 
I 

KX XS 
XS = K1X :" K1X • KX = XS2 

OR 

(b) K1X KX _I (1 - e) b sin Q I 
- e(cos Q - 1) 

2 
sx = I~ - ae I= I~( 1 - e )\ = ~ " ~ == ~: 

I ! 
2 2 2

_ Ib Sin Q{ 1 _e ) I 
- e2 ( -sin2g) ,,', 

2 = b
2 C1 _ e ) 


2 
e
 
b4 


= ""7"2 

a e ' 

=SX2 

(iii) PN : NA1 = XX1 : XA1 (to prove) 

(a) Using '"1ar t· 1 ~ ..1X)Slml rlang es (A A1pN r-~_J. A . A1K 

PN K1X 

NA1 = XA1 


LHS =PN • XA1 

= b sin Q (a + ~) 

::: ~bsin Q(e + 1 ) 

ab sin Q( 1 +e) 
e 

,= LHS 

:.PN : 'NA1 . ::=: XKt :XA1 

/i 



! 
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Q2. 1. Let P be (cp,~) 

2S(a,a) and S1(_a,_a) for .xy c

OP2 == c 2p2 + ~ 
P 

o 
-----------~---~--------+ 

Ii 

. aSlnce 2' =c. 

:. PS1 . PS 
C

2J(p2+2/2p+1/p2+2';2/p+4) (p2_A/2p+1/p2_2./2/p+4) 

c2Ji/p2(p42/2p3+8p2+2/2P+4)1/p2(p4_2/2p3+8p2_2/2P+4) 

(on expansion) 

ij , 
J 

c (p4 + 1)I 
2 
2

P 
22 c/, ' cp + p 

as required.I ' Op2 

Let (c,O) be the coordinates 

of S,(x1'Y1) the coordinatesI 
of P and U the point of 
concurrence of the tangent 
at P, the asymptote and of 
the perpendicular through S. 

'--' 

Q2. 2. 

"} 

"" 
~L 

xXi YY i 
~ 

The tangent at P ~ - ~ = 1 intersects the asymptote 
a b 

bY == -x at U i so we have a 

xx bxY1
1 = 1~-~ 
a b a 

a2:c x = bx 1 ..:. ay1 
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Q2. 2. (contid) 
2• a bbut at U x::::: C • ·bx---a-y- c is the condition for 

1 1 


concurrency_ 


· :X: 21 
y21

Slnce 
2-:-2 1 i.e., bX~ - ay~ = a 2b2 the above equation 
a b 

2

can be simplified to a b 


bX 1 - ay1 

bX1 + aY1 
Hence we have 	 = c ---- (1)

b 

The gradient of SP is 	 m ----(2). x - c1 

.:.. m ::: - 12. which(1) -~ (2) m a::: :c - (bx1+ay1) 
1 b 

is the same as the gradient of the other asymptote • PS//y::::: 

Q2. 3. 	 Prove that as p(x,y) moves 
so thatS1 p - sp::::: constant, 
then the equation of the 

2 
x ~ locus is 	~ - ~2 ::: 1. 
a b 

S' (pat,D) o Let S and S1 be the points 

(ae,O) and (-ae,O) respec
tively, and the.constant 
2a..:. 

Hence S1P - SP ::::: 2a 
i. e., J:x + ae)2 +y2 - .j(x _ ae)2 + y2 = 2a 

Ix + ae)2 + y2 2a +/(x _ ae)2 + y2 

x 2 + 2aex + a2e2 + y2 4a2 + (x _ ae)2 + y2 + 4a j(x _ ae)2 + y2 

x 2 + 2aex + a 2e2 + y2 4a2 + x 2 _ 2aex + a2e2 + y2 + 4a jt-(-x-_-a-e-)";::;2-+--";::;2y u4aex - 4a2 ::: 4a j(x- ae)2 + y2 


{ex - a)2 =' (x - ae)2 + I' 

e2x 2 _ 2aex +a2 ::::: x 2 _ 2aex + a 2e2 + y2 


a2 (1 _ e2 ) '" x 2 (1 _ e2) +y2 


1 = x 2 y~2_._=+ .... 
2a a 2(1 _ e 2 ) 

(continued on next page) 
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Q2. 3. (conttd) 

Let b2 ::::: (1 - e2 )a2 but for the hyperbola e ) 1 :.1 - e2 is 
negative and since b2 must be positive, we must let 
b2 b2_a2(1_e2 ) or = a 2(e2 _1), so the equation becomes 

2 2 
~ - ~ == 1 as required • 
. a b 

222Q2. 4. _For the hyperbola x - y ::::: a 
the equation of tangent at 

P(x1' Y1) is xX 1 -YY1 :;:; a2 , and 
the asymptotes are y ::: ±x._ 

The tangent at P(x1 'Y1) meets 
the asymptotes when 

2 

2 2 2a a a _a2
Hence A is( , x y )snd B is ( x . + y )x 1 - Y1 1 - 1 , x 1 + Y 1 1 1 

a2 a2 2 2 2 2 

AB2 == ( - ) + ( a + a )
x 1 - Y1 x 1 + Y1 x 1 - Y1 x 1 + Y1 


4 2 2 

x 1 

For the hyperbola xy == c2 the equation of tangent at P(x 'Y1)
1

is xY1 + YX 1 = 2c2 and it meets the asymptote x ° at 
2 

2c2 
B(2;1 ,0) and the ssymptote Y at D(O,X-) .° 1 

2 2'2 2But 2c 2x1Y1 
. B(2X ,0) and D(0, 2Y1) and BD = 4 (x 1 + Y1 ) . 1

Hence the diagonals of quadrilateral ABCD are equal. Gradient 
1 Y1of AC is ~ and of BD is - ... AC -L BD and ABCD is a

Y1 x 
1 

square. 

4a (x 1 + Y1 ) 

( 2 2)
~ Y1 
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I LJ 

Let (c,o) and Ca sec 9, b tan Q) 

be the coordinates of Sand P 

respectively_ 

The equation of'the tangent at 

P is ~sec 9 - ;Stan Q == 1 --<1 ) 

and the equations of' the asymp

totes 'are y = + B.x . (2)
- a 

Then solving (1) and (2) we 
obtain £.§ec 9 + :x: tan 9 = 1 

a 'a 

a a.X or x'sec 9 - tan 9 sec Q + tan Q 
.'. '1I . . .' . 

a cos Q a cos Q ~ 
1 - sin Q or x 1 + sin 9 

Since y +- a 

b cos Q -b cos 9 
or y = y :::: 1 - sin 9 1 + sin Q 

Thus the coordinates of' the points of intersection are; 

Q(a cos 9 b cos Q ) R( a cos 9 b cos 9 ) . 
1 - sin 9' 1 - sin 9 1 + sin g' 1 + sin 9 

b cos 9 
1-=-SI'Il9, boos QThe gradient ofQS is. aoos'9'" '. acosQ - c + c sin Q = ID1 
1'-sin g-'C 

b cos Q + b cos 9 

a 00s Q - c + c sin 9 a cos 9 - c - c sin ,9 


1" ... bCOSG.i·· ..... ' .b.cosG ... · 

- a cos Q - 0 + csin 9 • a cos 9 - c - c sing 


2b cos9(a 6o~G - or 

(a cos,Q -c, + c sin Q)(a COB ..9 - 0 - 0 sin 9) _ b 2cos29 

2b cos 9(a oos Q - c) 
= ·2 (\" 2-' ,-', '; , . r\" -" 2 .' '-. .. 21\ b2 21'"\ ·a Cos I::r - at cos I::r+ c _·c Sl.n I::r - cos I::r 

. 2b cos~a cos Q -c) '.' . 

;'2"'2"'2222 . 2.2 

a cos Q-b cos 9.+c cos Q-2ao cosQ+ c . - 0 

= __~2~b~c~0~s~9~(~a~c~0~s~Q_-~c~),________ (since ae = c 
2 2 2 2·' . . 2 2. 22(a +c -b )cos Q - 2aocosQ a +c -b' = 2a ) 

(conttd). 
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Q2. 5. (co1}t f d) 


2b cos 9(a cos 9 - c) 


2a2cos29 - 2accos 9 


2b cos 9 a cos 9 - ~~ 
2a cos 9 a cos 9 

,c. tan C/J =~. 	 Hence QR subtends a constant angle; 

tan-1(~) at S. 

• 	 1. 
Let the coordinates OI S and 

P be (ae,O) and (x 1'Yi) 
respectively_ 


XXi YYi= 1

The tangent at P ~ + 2 

a bII b 2, x 1cuts X = + a at y = -( 1 + - )
- Yi - a 

T[-a, ~~ (1 + x:)J and 

2 
1 [ b Xi JT 3., Yi(i-a-) 

The equation OI a circle on a given diameter A(x3 ,y ), B(x4'Y4)
3 

is (x-x )(x-x4) + (Y-Y3),CY- Y4) = 0 (see page 21).3 

Th~x:~:::~ :£r~: ~~~:l: ;~J[ :i_a:~;:r+T;;t ~ 0 
L Yi a 1 Yi a ~ 

The circle intersects the x axis when Y = 0 i.e. when 

2 b22 2x _a + [b (1 _ xil[ Ci + X 1 )J = 0 
Y1 a ~ _Y1 a 

b4 2 
2 2 Xi 

x - a + 	2(1 - 2) o 
Yi a 

b42 2 Y~ 	 2 2 2 ~2 2 2, 
x -a +2'~=O (b = a (1 - e ) = a - a e 

Yi b 

2 2 	 b2 x = a 

so x = + ae. i.e. the circle passes through 

Sand S1. 

. . . 
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i 

Let P be the point (x 1 'Y1)(/3. 2. 
S (ae,O) and S1(-ae,O). 

The tangent at P 

xXi _ YY1 
- ~ - 1 meets the 
a 2 be 

trapsverse axis at G. 

2• ,xxi 
i.e. X == a•• ~ == 1 

xia 
2 a

hence G(X-' 0) 
1 

2 a 1GS == ae - -- and GS 
Xi 

2 2
(Xi - ae)2 + Y~ x~ - 2aex1 + a e + y~ 
2 2 2 b 2 ( 2 2 2 b 2 (. 2 2

"" x 1 -2aex1 +a e +"2 xi-a) --------(NOTE: Y1 ="2 xi -a ) 
a 

. and b2 = a (e2 - 1) 

2 2 2 x 1e - 2aex1 + a 


2 i

PS '" '](;1 e - a) == xi e ..: a similarly PS =x1e + a 

PS 
SIT 

Xi (x 1e - a) 
a(x

1
e  a) 

2 
PSi x 1e + a x 1e +x i a x (x

1
e +a) xi1

,2 == 2 = aGS1 aex1 + a a(x e + a) 
:; 

ae +.§L 1
xi 

• PS PSi 
•. SG GS1 

1 A A
Assume that PG makes S 'PG = 0<.. and sro = j3 i. e. divides SPS 
Unequally. 

Using the sine rule in ~ IS S1ro and SPG we have 

GS 1 SG SP 

sin..:.( == 
 and sin/:? 

sin SGP 

sin 8sin oZ. and ~ =i. e. , 
sine 1800 -SGP) i:l.l:"' sin SGP 



(F. 2. (ci)nt.) 

SG sin v{ '8io',(1,'" 

81>, :. sinC 180Q-SGP) 
== SlJ:lSGP 

A
Since sine 1800 -s'GI?) == sin SGP 

<. ,', 

~~. sinC'l<. sinfo 

and ,-,( 0 
i.e. the tangent PG bisects the angle'SlpS; 

OR 
Theorem: 	 The bisector of one angle of a triangle divides 

the opposj.te side in tberatio o:t;;tl'ie,gJdes about 
that, ,angle." 

.,,:",~:c., .:. 

Hence it is sufficient to prove that 


GS1 

SG 

S1P =S'P 


Conclusion: PG bisects the angle S1pS. 


Q3. 3. 	 PN is the normal at P. 

meets the x axis at N. 
2 2 a e cos 9... we have :;c = a 

So N(e2a cos 9~O). If Sand 

S1 are the pOints (ae,O), 
(-ae, 0) respectively.. P'is 

(a cos 9, b sin 9) as given. 

Then the gradient b sin 9 b sin 9 a2b sin 9 a sin 9 
of PN acos9-ae2cos9 == acos9(1-e2) = acos9.b2 == b cos 9 

The gradient b sin9=-.........~.;;...;;..- andof PS 	 a cos 9 - ae 

the gradient b sin 9 
of PS1 a cos 9 + ae 

(continued 	on next page) 
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Q3. 3.(cont 1d) 

b sing asinQ 

acos 9 + aeb CCffHr 
 . b2sih9cos g;...a2sin9cos 9-a2esin Qtan NPs1=: b sing a sinQ = ab c0829 + ab Sina + abe cos 91 + a cos Q+ae .. b cos 9 

.U?...a2~sin Q cos Q_s,2e sin 9 , 2 
ab(cos 9 + sin 9) + abe cos 9 

l-a2e sin 9(ecos 9 + 12 

abC1 + e cos Q) 


tan NPs1=: ae sin 9. Simil'arly it can be shown that 
b 

b sin 9 a,sln9 . 
a cos 9 .. ae - '6' cos Q ,:::a...· 

2.:::;e,r;:.s.:;:.in:.r:QA. ;..:.;.;.=~~ aesinQtan NPs 
1 + b silt Q • a sin 9 = a = b 

a cos 9 ... ae b cos,9 
:: tan NPS1 

Le~ the normal at P bisects the angle CPS .. 


