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Answer to Question 1 (4 marks)

Method: use & = rcosf, y = rsinf to go from polar to Cartesian, and 7 = v/ z2 + 32,

tanf = % to go back. Always plot the point to choose the correct quadrant for 6. Mark
scheme as shown in brackets.

a. r=+/12+4 =4[1]; second quadrant, § = m — & = 3T (4, 27 [1] Check:
4cos 23X = —2+/3 and 4sin §F = 2.

b. Multiply both sides by 7 so that r2 and rsin @ appear, then complete the square in
y. > = 6rsinf: 22 + y* = 6y [1], i.e. 22 + (y — 3)% = 9: circle, centre (0, 3),
radius 3 [1] The circle passes through the pole.

Answer to Question 2 (4 marks)

|

Method: the area swept out by a polar curve is A = + / r2df. Square 7 first, replace

«
cos? @ or sin 6 by double angle expressions, then integrate term by term. Mark scheme
as shown in brackets.

a. sinf takes values from —1to 1. Tmax = 5 at 6 = 5 [1]; rmin = 1 @t 6 = 3 [1]
Since r > 1 > 0, the curve never passes through the pole.

b. Use 4sin? = 2 — 2 cos 26; the sine and cosine terms integrate to 0 over a full
2T

2
turn. %/ (9 + 12sin 6 + 4sin? 9) df = %/ (11 + 12sin6f — 2 cos 26) df [1]
0 0

= % x 22m = 11m [1] So the area is 117 ~ 34.6 square units.

Answer to Question 3 (4 marks)

|

Method: the area swept out by a polar curve is A = % / r2 de. Square r first, replace

«
cos? 6 or sin? @ by double angle expressions, then integrate term by term. Mark scheme
as shown in brackets.

a. The tip is where 7 is largest. sin20 = 1 at 0 = T: (4, ) [1]
w/2 /2

b. Use sin?20 = £ (1 — cos46). A = %/ 16sin”20d0 [1] = 4/ (1 — cos 46) df
0 0

[1] = 4[6 — Lsin46] 3/2 =4 x & = 2w v [1] So the petal has area 27 ~ 6.28,
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Answer to Question 4 (4 marks)

d .
Method: a tangent is parallel to the initial line where d—z =0, with y = rsin 6. Write y in

terms of 0, differentiate, and factorise using cos 20 = 2 cos?§ — 1. Mark scheme as
shown in brackets.

a. y = 4(sinf + +sin 26)

[1], s0 0 =+ [1]
b. r=6: (6cos T, 6sin T) = (3, 3v/3) [1]

d
) d_:;/ = 4(cos 6 + cos20) [1] = 4(2cosf — 1)(cos @ + 1) =0

At 0 = m, r = 0: this is the cusp at the pole, which is why it is excluded.

. — s 2r 1 1 _
Check:atf = %, cos 5 +cos 5 =5 — 5 =0 .

Answer to Question 5 (4 marks)

B
Method: the area swept out by a polar curve is A = % / r? de. Square r first, replace

«
cos?  or sin® 0 by double angle expressions, then integrate term by term. For the

region between two curves, use % /(r% — r%) df with 71 the outer curve. Mark scheme

as shown in brackets.

a. 4=4(1—cosf) givescosd =0: 0 = £ [1]
w/2 /2

b. A=2x %/ (16 — 16(1 — cos 0)*)df = 16/ (2cos@ — cos? 6) df [11];
0 0

— 16[2sinf — 10— 1sin26]7/* [1] =16 (2 — Z) =32 — dr ~ 19.4 m? / [1]

By symmetry about the initial line, we integrate from 0 to % and double.
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