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dx OdXx secttant tant At point P, where t =T,
dt X=3,y=—n and d—y=—£
_ dx 2
| x=2t-sin2t, y=1-cos2t Equation of tangent is
dx dy . 1
—=2-2c0s2t, —=2sin2t —(—m)=—=(x-3
gt gt y—(-m) 2( )
dy 1.3
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m x=¢e'-5, y=Int Tdx 2t ot
dx_et dy 1 At point P, where t = 2,
dt ' dt ot x=5,y=16 and dy__5
dy dx 2
dy gt 1 Equation of tangent is
dx  dx  tef __5
= y—-16=——=(x-5)
dt 2
2y—32=25-5x
n x=Int, y=t*-64 2y +5x =57
dx 1 dy
dt t'dt 3 a x=¢', y=e'+e"
dy
dy _dt _ 2t _,p %=e‘,ﬂ=e‘—e’t
dx dx 1 dt dt
dt  t oo
dy _e —te =1-¢*
0 x=e*+1 y=2¢"-1 dx e
%=2e2‘, ﬂ=2et At point P, where t = 0,
dt dt dy
dy 3 =11=0
dy _dt 2 _1_ ..
dx dx - 2e* ¢ Gradient of curve is 0
dt .. normal is parallel to the y-axis.

When t=0, x=1and y =2

Equation of the normal is x = 1.

© Pearson Education Ltd 2017. Copying permitted for purchasing institution only. This material is not copyright free. 2



Pure Mathematics Year 2

SolutionBank

3 b x=1-cos2t, y=sin2t

% =2sin2t, d_y =2C0s 2t
dt dt

. dy _2cos2t _

L= =cot 2t
dx 2sin2t

At point P, where t = %
d_y_ 1 1

dx tanz 3

. gradient of the normal is —+/3

Whent:ﬁ, X=1—COS£=1
6 3 2
andy=sin£=£
3 2

Equation of the normal is

sl

y—ﬁz— 3x+£
2 2
y+3x=13

t
4 X=—, =
1-t Y

Using the quotient rule,

dx (@-tx1-t(-1) 1
d (1-t)?  (@Q-t)?

dy  (@-p2t-t*(-1) _2t-t
dt @-t)?  (@-t)?

Jdy 2t-t* 1
Tdx (1-t)? (1-t)?
=2t-t* =t(2-1t)

%=Owhent=00r2

X
When t=0, x=0and y=0
When t=2, x=-2and y=—4

. (0,0) and (—2, —4) are the points of
zero gradient on the curve.

5 a x=e", y=e'-1

%=2e2‘,ﬂ:et
dt dt
Cdy e 1
Tdx 2% 26!
Whent=1In2,

x=4, y=1and dy_1
dx 4

Equation of tangent is
1
—1==(x—-4
y-1=7(x-4)

1

==X
y4

b At stationary points j_y =0
X

1
3= 0= e_t =0
2e
This has no solutions, so the curve has no
stationary points.
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Iy is parallel to y=x+5
so gradient of Iy is 1

2
d—y=1:> 22t =1
dx t°+4

= t’=4

sot =2 (because t >0)
Whent=2, x=-3andy=4
Equation of |1 is
y—4=1x(x+3)
y=x+7

a x=2sin’t, y=2cott

dy

% =4sintcost, — =—2cosec’t

dy  2cosec’t 1 3
L= 2~ “sectcosec’t
dx 4sintcost 2

Equation of tangent is

_Zf‘_i( 2)
\/_y—6:—8x+4
8x++/3y—10=0

x 2B TR 3

SolutionBank

8 a x=4sint, y=2cosec?2t

x:2\/§ = 4sint:2\/§

sintzﬁ .'.t=£,2—n

2 3 3
t:£:>y=2cosec2—n:i:£,
3 3 3 3

which is the y-coordinate of point A.

Sot =% at point A.

b %:4cost, d—)t/=—4cose02tcot2t
. dy _ —4cosec2tcot2t
" dx 4cost
_ _cot2tcosec2t
cost
2n 2n
r o dy cot?cosec?
Whent==, —=-—
3 X CcoS—
(_1}(2
V3) B _
= 1 =
2

.. gradient of normal is —%

Equation of normal, 1, is

y—i——ﬁ( ~2\3)

12y—16\/_ :—9(x—2\/_ 3)
9x+12y—344/3=0

9 a x=t’+t, y=t>*-10t+5
%=2t+1,d—y=2t—10
dt dt

_dy 2t-10
Tdx 2t+1

When gradient is 2,

2t-10
2t+1
2t-10=4t+2=>t=-6

AtP, x=(-6)>-6=30

and y =(-6)* —10(-6) +5=101
Coordinates of P are (30, 101).
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9 b Equation of tangent at P is

c

10a

y—101=2(x—30)
y=2x+41

Substituting for y and x in the tangent
equation:

t* —10t +5=2(t> +t) + 41
t?+12t+36=0

Discriminant =12 —4x36=0
Therefore the curve and the line only

intersect once, so the tangent at P does not
intersect the curve again.

X =2sint, y—\/§c052t

(;—)t(—ZCOSt Y o 2sin2t

. d_y_—2«fsm2t_— 2 x2sintcost

" dx 2cost cost
=—2\/§sint

When t =

dx 2
Equation of normal at A is
2
W -
JBy+\3=x-+3
x—Jéy—Zﬁ:O
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¢ Substituting for y and x in the normal

11a

equation:

2sint —/6 x+/2cos2t —24/3=0

sint—+/3cos2t—+/3=0

sint—/3(1—2sin?t)—+/3=0

23sin’t+sint—243 =0

(2sint—/3)(x/3sint+2) =0
3 . 2

sint=— or sint=———
2

3
(2nd option not possible since [sint| <1)
SInt—ﬁ = t—E or E
2 3 3
Whent:E:
3
o &
X = 2sin <X = 3, 2cos—=__,
3 y=+2 i

which is the same as point A, so | does not
intersect C other than at point A.

X=cost, y= %sin 2t

%:—sint, ﬂ=cosZt
dt dt
. dy  cos2t
“dx sint
Whent=— x=—3, yzﬁ
6 2 4
1
and dy =—2=-1
dx 3
Equation of tangent at A is
B
4 2
i.e y=—x+¥
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11c | andl, both have gradient -1

.. values of t at points where the tangents
cut the curve will be solutions to

3 cqs 2t _ 4
sint
1-2sin’t =sint

2sint+sint—1=0
(2sint-1)(sint+1)=0

sintzE or -1
2

n S5m 3n
t==,— or =

6 6 2
So lines |, and I, touch the curve when
t=5—7t andt:3—7E

6
t=5—n = x=—§,y=—g

Equation of |1 is

o)

Equation of I, is
y—0=—(x-0)
i.e.y=—x
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