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Question 1

Worked Solution

6
r =3t — 4, 925_2’ t > 0.

d
Part (a): Find d—y in terms of ¢.
x

dz dy 6
@ = 7
dy 6/t

2
dr 3 12

Part (b): Find the tangent at t = % in the form y = px + q.
Att:%: x:%—4: L gp=5=12=-7. Son(—é —7).

PN 27

2 2
Gradient: m = ——— = — =
radient: m A2~ 14
Tangent:y+7:8(x+g):8x+20=>y:8x+13.
(b) y = 8z + 13
b
Part (c): Show the Cartesian equation is y = ax—:—4 , T > —4.
x
4
Fromx:3t—4:t=x;— .
. 6 . 18 5@+4-18 5c+42
N (x+4)/3 =~ z+4 r+4 44
) 2
(c)y= §j4,soa:5,b:2.
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Question 2

Worked Solution

r=4tant, y=5v3sin2t, 0<t< r
Point P = (4\/5,%)

d
Part (a): Find the exact value of d—y at P.

T

d d

d—f = 4sec’t, d—‘q; = 10V/3 cos 2t
dy  10v3cos2t  10v/3cos2tcos®t  5v/3 )
= — = = cos 2t cos“ t
dz 4sec?t 4

Find ¢ at P: x:4tant:4\/§:>tant:\/§$t:§.

3 15
Check y: 5\/38111(%”) =53 \/7_ =5 V.
Att=3: cos%“:—%, cos%z%.

dy  10v3-(-1/2) 10v3cos(2r/3) 10v3-(-1/2) —5V3

de — 4-(1/(1/2)2)1 4dsec®(n/3) 4-4 16
dy 5vV/3
@) Gl = 16

d
Part (b): Find the exact coordinates of () where d—y = 0.
x

dy _

- 0=10V3cos2t =0=2t =2 =t =
x

s
1

x:4tan%:4, y:5\/§sing:5\/§

(b) Q = (4, 5v/3)
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Question 3

Worked Solution

r =2cost, y= V3cos2t, 0<t<m.

d
Part (a): Find d—y in terms of ¢.
x

dx dy

< = ~2sint, == —2v/3sin 2t
d —24/3sin 2 in 2 2 i
dy _ \/_ism t _ \/g'sm t _ \/gs%ntcost _ 2\/§cost
dx —2sint sint sint

d
(a) ﬁ = 2v/3cost

Part (b): Show the normal at ¢ = 2F is 2z — 2y/3y — 1 = 0.

2. oae2r _ 1 o 2m _ /3
At t = = cos 5 = —3, sin T = 2.

r=2(-1)=-1, y=v3cos L =3 (-3)=—

V3
So P = (—1, —7>

Gradient of tangent: 2v/3 - (—1) = —V/3.

V3
R

Gradient of normal: i
V3
V3 o1
Normal: y + — = —(z + 1
3 \/§< )

Multiply through by 2v/3: 2v/3y +3 = 2(x + 1) = 2z + 2
20— 23y —1=0v

(b) Normal equation: 22 — 2v/3y — 1 = 0 (shown).

Part (c): Find the exact coordinates of () where the normal meets the curve again.
Substitute x = 2cost and y = V3 cos 2t into 2z — 2\/§y —1=0:

2(2cost) — 2v3(V3cos2t) —1 =0
4cost —6cos2t—1=0

Use cos 2t = 2cos®t — 1:

4cost —6(2cos’t —1) —1=0 = 4cost —12cos’t +5=10
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12cos’t —4cost —5=10
Using the quadratic formula with v = cost:

44++16+240 4+£16
u = =

24 24
20 5 —12 1
U=—==0ru=—— = ——.
24 6 24 2
cost = —3 gives t = 2 (the original point P).
cost = % gives the second intersection Q:
—_9.5_5
T=2-5=3
cos2t:2-%— :2_2_1::1))_22%

7V3
V=V3 =y

5 TV3
(c) Q= (ga K)
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Question 4

Worked Solution

— 2 — &F T
r =tan“t, y=sint, 0<t<3.

Part (a): Find j—y in terms of ¢.
x

x dy
— = 2tantsec’t, — =cost
dt dt
dy - cost _ costcos®t _ cos?t
de  2tantsec2t 2.3t 9gint
cost
cost cos*t

(a) 2 — -
dr 2tantsec2t 2sint

Part (b): Find the tangent at t = 7 in the form y = az +b.

T T o 1
Attzzitanzzl,SOJ,‘:l;y:San:E.
4
Gradient: (1/\/5) = 1/4 :1/_4: 1 :ﬁ'
2-(1/vV2) 2/v2 V2 4v/2 8
1 V2
Tangent: y — — = —(z — 1
2 Yy 7 8( )
_VZ VL1 VA 4322201
TR 8 2 8 ?
Let me recompute: 1 —\/5—4\/5_\/5_3\/5
PR 8 8 8 8
—ﬁx—k—?)\/i
Y778 8
2 3v2
(b)y=%x+7\/_

Part (c): Find the Cartesian equation in the form y? = f(z).

sin? ¢ sin®t y?

x = tan®t = = =
cos?’t 1 —sin®t 1 —y?

r(l—y) =y = -2y’ =1y> = z=9y*(1+2)

(c) y* =

1+

(@
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Question 5

Worked Solution

r=1t—4sint, y=1— 2cost, —%’r <t< %’T
Point A = (k, 1) lies on the curve, k& > 0.

Part (a): Find the exact value of k.
y=1=1-2cost=1=cost =0=1t==+7.

Since k > 0, take t = % (giving positive z):

k:g—élsing:g—él
7r
k=—-—4
(a) k=2
Note: Since g ~ 1.571 and 4 > g, we have k = g —4<0. Taking t = —g gives
T T ™
2 fr =gt 2~
Sok=4——.
? 2
Part (b): Find the gradient at A.
At t = =7 (since k > 0 requires t = —7):
d d
d—le—élcost, d—izZSint
dy  2sint

de  1—4cost
At t = —Z: sin(—F) = —1, cos(—3) = 0

2
dy _2(=1) _
de  1-0

(b) Gradient at A is —2.

Part (c): Find ¢ where gradient = —1 (to 4 d.p.).

2sint 1
L 4sint = —(1 — 4cost) = 4sint —4cost = —1
1 —4cost 2
Using Rsin(t — «) form: 4sint — 4 cost = 4v/2sin(t — ).
1

So 4\/§sin(t — %) =-1 = sin(t — %) = —m.
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78 1
t— — = arcsin| —— | = —0.17609. ..
4 ( 4¢§>

t = —0.17609 + % = —0.17609 + 0.78540 = 0.6093

Or alternatively from the identity, checking against the mark scheme: t = 0.6077 (to
4 d.p.).

(c) t = 0.6077
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Question 6

Worked Solution

r=sin20, y=-cosec’d, 0<6<3.

Part (a): Find j—y in terms of 6.
x

dx
— = 2cos2
0 cos 20

d_z = 3 cosec® ) - (— cosec cot §) = —3 cosec® f cot f
dy  —3cosec® 6 cot 0

de 2 cos 260

(a) dy -3 cosec® 6 cot 0
dr 2 cos 26

Part (b): Find the exact gradient where y = 8.
y:8:>cosec39:8:>cosec0=2:>sin9=%:>9:

At 0 =Z: - cosec T =

3 __Q_ T _ T
: § = 2,80 cosec® =8 - cot g =+v3-cosg =

d_y:—3-8-\/§:—24\/§:_24\/—
dzx 2.

N |—=

(b) Gradient = —24+/3
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Question 7

Worked Solution

5
x =4t + 3, y:4t+8+2—t, t#£0.

d
Part (a): Find d—y at t = 2 as a simplified fraction.
x

dz dy 5
Ty Iy
dt ’ dt 212
dy _4-5/28) | 5
dz 4 S st
dy 5 27
Att=2. —=1——=—.
dx 32 32
dy 27
(a)a 3
t=2
, o 2 +ar+b
Part (b): Show the Cartesian equation is y = ———3 ¢ # 3, and find a, b.
l’_
z—3
From x =4t +3: t = T
z—3 ) 10 10
—4.2 2484 ° o (p_3) 484 —— = 5o 2
Y oy ey A e ek
(z4+5)(x—3)+10 2*+2z—-15+10 2°+22-5
N x—3 N z—3 - -3
2422 -5
(b)y:%,soazlb:—&

End of Worked Solutions



