7(a) Replaces x* + y? » r2and x -» rcosf andy - rsin6 M1 2.1
r* =6r2cosfsinf orr? =6cosfsinb Al 1.1b
r2 = 3sin 26 * cso Al* 1.1b

3)
(b) Alternative 1 for the first three marks
y? =1r2sin? @ = 3sin 20 sin? 6 M1 31a
q .
2y£ = @ cos 20 sin? @ + B sin 26 sin 6 cos 6
dy ., . .
2y£ = 6 cos 260 sin” 6 + 65sin 26 sin 6 cos H Al 1.1b
6 cos 20 sin? @ + 6sin26sinf cosf = 0
6 cos 260 sin®? 0 + 12sin? 0 cos? 6 = 0
6sin? 6 (cos 20 + 2 cos?6) = 0 M1 3.1a
6sin?0 (4cos?0 —1) =0
sin0 =0 = 6 =...0rcos?6 = % = 0 =..
Alternative 2 for the first three marks
1
y =rsin@ = V3sin6 (sin26)2 M1 31a
d 1 1
% = a cos 6 (sin20)2 + B(sin26) 2 cos 26 cos 6
dy 1 _1
8= V3 cos 0 (sin 20)Z + v/3(sin 20)” Z cos 26 cos @ Al 1.1b
1 1
V3 cos 8 (sin20)z + V3(sin20) 2z cos260 cosf = 0
V3 cos0sin20 + V3 cos26 cos =0
V3 cos 6 x 2sin 0 cos 6 + V3(2cos20 — 1) cos = 0 M1 3.1a
V3sin@ (4cos20—-1)=0
sinf =0= 6 =...0orcos’8 = % = 0 =..
Alternative 3 for the first three marks
2 2\2 __ 4 24,2 4 __
x4+ y5)*=6xy = x*+ 2x*y* + y* = 6xYy M1 31a
4x3 + axy? + Px? d_y+4 3d—y=6 +6xd—y
y ydx Y dx y dx
dy dy dy
4x3 + 4xy? + 4x’y—+4y3—=6 6x — Al 1.1b
x+xy+xydx+ydx y+xdx
4x3 + 4xy? + 4x%y(0) + 4y3(0) = 6y + 6x(0)
4x3 + 4xy? = 6y
413c0s30 + 4rcosf X r?sin?0 = 6rsin b
413 cos @ [cos?0 + sin?8] = 6rsin b
M1 3.1a

4(3sin26)cosf — 6sinf =0
24sin 6 cos?f — 6sinf =0
6sinf [4cos?6 — 1]

sinf=0= 0 =..0rcos’f=-= 6=.

NI




For the final 6 marks

Deduces that 6 = = is required Al | 2.2a
Area bounded by the curve == [Z35sin26 d6 = [ cos20]z = ...
273 3 M1 | 1.1b
Note: § = —3
4
3 3 21 3
- —(—=cos—|{ == Al 1.1b
{ 4T < 1°°73 )} 8
Area of triangle = %xy = %rz sin @ cos @
1 . 2T . T s M1 11b
==X 3sin—sin-cos— =...
2 3 3 3
Finds the required area = area of triangle — area bounded by the curve
{_ 9 3} ddM1 | 3.1a
16 8
_3 Al | 11b
16
(9)
(12 marks)
Notes:
(a)

M1: Replaces all Cartesian variables with polar variables
Al: A correct unsimplified polar equation
Al*: Correct polar equation achieved from correct work.

(b) Alternatives 1 and 2
M1: Writes y2 or y in terms of trig and differentiates (implicitly) to the correct form
Al: Fully correct differentiation

M1: Uses correct trig work to solve j—z = 0 to achieve a value for ¢

(b) Alternative 3
M1: Differentiates implicitly the Cartesian equation to the correct form
Al: Fully correct differentiation

M1: Uses correct polar equation and correct trig work to solve j—i’ = 0 to achieve a value for 0

(b) For the last 6 marks
Al: Deduces that 6 =

wla

ML1: Applies area = %fgrz dé, integrates to a correct form and applies their lower limit and upper
3

limits of g correctly
Al: Correct area under the curve
M1: Correct method to find the area of triangle = %xy

ddM1: Dependent of previous two method marks. Fully correct method to find the required area.
Finds the required area = area of triangle — area bounded by the curve

Al: Correct answer




