H2 MATHEMATICS (9758)
TOPIC

PARAMETRIC EQUATIONS
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x=3sect = sectzg

Y

y=—2tant = tant=-—

tan’r+1=sec’t
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For stationary point,

Y0820

dx t

= =-8

= t=-2

Whent:—2,x:i+2:§, y= 42+2:3
2" T

Coordinates of 4 is (% , 3)

Equation of tangent is y—3=0 (x - %) ABC
y=3

(b) Wheny=3,ti2—t:3

= 4-1 =3
= £+3°-4=0
Using GC, t=1ort=-2 (Reject " t=-2 isptA)

[If GC is not allowed, note that t = -2 must be one of the solution since one of the intersection
point between the tangent and C is at 4

= (t+2)(t2+t—2):0
= (1+2)'(1-1)=0
= t=-2 or t=1 ]

.".coordinates of B is (3, 3).

Gradient of normal at B = —;2 = _1
541 9
: . 1 . 1 10
Equation of normal is y—3=—§(x—3),1,e, y=——x+?



© The point F has coordinates (O, Bj

4(3.3)
Height of triangle = %_ 3= é

B(3,3)

AB has length 3 —i = i
2 2
Area of Triangle :l l 3 :l unit?
2\3)\2) 4
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(@)

(b)

(©

When x=0, =0 and y=1
When y=0,r=-1and x=1

Ay C
(0,1)
0 (1,0)\\ X
dx dy 2
& o, oy
dr dr
dy

A 33,

. ==
dxa 2t 2

When r=1, x=1, y=2 and

&|e
N | W

". equation of tangent at P is

y-2=2(-1)
_3..1 *
y—2x+2 (%)
Substitute x=¢> and y =¢’ +1 into (¥)::
3 1

P+l==f+—=
2 2

268 +2=3"+1
26 =32 +1=0
(=Dt —t-1)=0
(t-1)2t+1)(t=1)=0

L= —% or t=1 (reject since this is P)

When tz—%, x:% andy:7

8
. . 1 7
Hence coordinates of Q is (Z’gj .



@ d—y=cost and %z—Zsin%
dt dt
Whentzz,

3
1
dy _ cost B _ 1
dx -2sin2t¢ 5 3 23
2
x=—1+cos2 £j=—1+cos(2—ﬂ
3 3
. T
=2+sin—
Y 3

Grad of normal at ;:%; 243

ol )

y—2—§:2\/§x+3\/§
4+73

y=2\/§x+

2

(b)
(-2, 3) -

Whent=0,x=0, % 1s undefined.



(a)
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() At (6,8),
6=t>+2
> =4
t=12

When t=2, y=2"=8
When t=-2, y=2"=-8

St=2

E:2t and d—y:3t2
dt dt
d_y:3t2><L:2t
dx 2t 2

When ¢ =2, d_y:3
dx

Equation of tangent is y —8=3 (x — 6)
1e, y=3x-10

(©)  Since tangent to C at the point (6, 8) meets the curve C again at point P, ¢° = 3(t2 + 2) —-10
£-3"+4=0
Using GC,
t=2 or t(=-1
(Point (6,8))
Alt
(t-2)(F-t-2)=0
(t-2)(t-2)(t+1)=0
t=2 or t=-1
Att=-1, x=3 and y=-1.

The coordinates of point P are (3,—1).



(d) At ¢t=m, the normal to the curve is
2
3

—m’=——(x-m" -2
y . )
. 2 2m 4 3
le,y=——x+"—+—+m
3m 3 3m
When x=0, y=2", % |, (Point R)
3 3m

3mt '
When y =0, x:T‘Fm +2 (Point Q)

4 2 3
The mid-point F is [37: +m_+1,ﬁ+i+m_ .
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()

X = 3sin2t:>;£=2\/§cos2t
t

y=4cos’t :% =8cost(—sint) = —4sin 2¢

.dy _ —A4sin2¢
Cdx 2\/§c052t
-2
=——tan 2¢

NE)
23

= _Ttan 2t = k\/gtan 2t

where k = —%.
3

b
®) Whent:%, x= 3sin2(%j:x/§, y:4c0s2(%j:2,

(c)

Y_ —ﬁtan 1, which is undefined.
dx 3 2

=The tangent is parallel to the y-axis.

Hence the equation of the tangent at the point where ¢ = %
is x= \/g .
When ¢t = %’ x=4/3 snlz(%j = ﬁ[ﬁ] :i’

2 2
=4cos’ i =
g (3)

dvy 23 2z 23
w3 5 ()

I
S}

OR
From GC, when ¢ = z, xzi, y=1,—=2.
3 2 dx

Equation of the tangent is:

3
“1=2] x=2
Y (x 2j

y=2x-2
Let @ be the angle in which the tangent y = 2x —2 makes with the positive x-axis.

Then tan@ =2. x=+3
Hence, acute angle between
=90°-¢6

=90°—tan'2
~26.6°

y=2x-2 the 2 tangents



(@ x=\4+t y=t
“__ o,
dt Jarp  de
dy dy  dx
dr  dr dt

=24 +1*

When t=p, x=4/4+p>, y=p° and %:2 4+ p .

Equation of tangent

y—p* =24+p’ (x—\/4+p2)
y=2J4+p’x-8-p’

ii 2
@ When y =0, x:8+—p
24+ p’
x-coordinate of M
2
2 2.4+ p?
_16+3p°

4,4+ p’

Coordinates of M are

16+3p* p*
44+ p> 2
Parametric equation of curve traced out by M
16+3p°
X =

4,4+ p*
2
p
= 1
y=2 (1)

From (1), p°> =2y

Cartesian equation of line
16+3(2y)
x s N ———

C 4a+2y

2x4+2y =8+3y
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(a) Whenx=0, 37 +2°=0.

*(3t+2)=0, t=0 or t=—§
Whent=0, y=0*+1=1.

3 2
When t:—g, y:—(—gj +2(—gj +1=£.

When t=-1, x=-1 and y=4.

When =1, x=5 and y=2.

¥
-.4 1

59]
0,— (5.2)
[ 27 c

(0,1)

(b) The curve is a circle with centre (0, 1) and radius vk .

(¢) Substitute x=3¢'+2¢ and y=-+ +2¢* +1 into C,,
(37 +262) +(~£ +222 +1-1) =16
(9r° +126% + 4¢* ) + (£ — 48" + 41" )~ 16 =0
10¢° +82° +8¢* —16=0
Using GC,

t=0.90823 (reject root smaller than —1 and non-real roots)
Substituting, x=3.8973 and y =1.9006.

The coordinates of the point of intersection are (3.90,1.90).



(d) Circle with centre (0, 1) and radius vk .

0 point of intersection

1 point of intersection

2 points of intersection

Hence, there can be 0, 1 or 2 points of intersection.



9
sec@zx—_1
3

tansz—_3
2

sec’f@—tan’ =1

S RSUE
3 2

P: (1,3)

0: (-2,3)
R: (4,3)

2

S: (I—E,O]

2

To find asymptotes:

The asymptotes are y:§x+§ and y=—§x+%.



(5657

i Replace y with y+3

i Replace y with %

(53] e (556

1607

or 18.6 (by GC)

y
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(a) When y=0,

utsin@—%gt2 =0

1
tlusin@——gt |=0
(“ 2gj

2usin @
t=0 or t=
g
Since t 20, t = 2usin0 .
2usin @ £
t= represents the time taken for the projectile to return back to the same height as the origin
g
at which it is launched.
b .
(b) When =0, t:2usm9’
g

x:u(2usmé’}:osg
g

2
—" sin26 (Shown)
g

c 2
© ﬂ=2Lcos26?

déo ¢

2
When £=O, 2Lc05249:0
do

4
c0s20=0

20="
2

49:Z sinceO<¢9<£
4 2

2 2
d)§:_4u sin 260
dé g
2 2
When Q:E, d_)§:_4u <0
4 déo g

0= % gives the maximum range of the projectile.

=ponl25)

2
Hence the maximum range of the projectile is —.





