Question

Number Scheme Marks
3(a) y=rsinf=sinf+sinfcosé OR rsinH:sin9+%sin20 Bl
dy .2 2 dy
—=cosf@—sin" @ +cos” 0 OR —=cosf+cos2d M1
déo déo
0=cos@+2cos’O—1 = (20059—1)(c059+1)
1 . T
cosd = 5 (cos 6 =—1 outside range for 9) 0= 3 M1
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3(b) | Area =1J.73r(1+cos6’)2d6? Bl
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1 1
:EI 1+200s0+5(c0s20+1) dé MIA1
! T
=— i¢9+2s1n«9+—s1n29 dMIAI
212 4 0
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Bl Use of rsin@ Award if not seen explicitly but a correct result following use of double angle
formula is seen.
M1 Differentiate »sin@ or rcos@
d(rsiné
M1 Set (lﬂ%jl) =0 and solve the resulting equation. Only the solution used need be shown.
Al Correct coordinates of 4
1
(b)B1 | Use of Area = ) I r’d@ with r =1+ cos@, limits not needed.
M1 Attempt (l + cos 9)2 (minimum accepted is (1 +k cos @+ cos’ 6?)) and change cos’ @ to an
expression in cos26 using cos* @ = %(i cos26+1)
Al Correct integrand; limits not needed. % may be missing.
1 .
dM1 Attempt to integrate all terms. cos260 — izsm 20 k=%l or £2 Limits not needed.
Depends on the previous M mark
Al Correct integration and correct limits seen
Al Substitute correct limits and obtain the correct answer in the required form.
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Number

Scheme Marks

Alternative for (b) using integration by parts (Very rare but may be seen)

Area =%J.E(1+cos6’)2d9 Bl
=%j (1+2cos0)d6 + Icoszé’d@}

=%:J‘ (1+2cos@)do+ cos@sin9+'[ sinzﬁdﬁ} MIA1
:%:9+2sin¢9+ sianosH+I (l—coszﬁ)def

=%:9+2sin9+ %(siné’cosejtﬁ)f dMI1A1
=”+£+£=£+ﬂ Al

4 2 16 4 16

B1

M1

Al

dM1

AlAl

1
Use of Area = ) j r’d@ with r =1+ cos@, limits not needed.

Attempt (1 + cos 6’)2 (minimum accepted is (1 +kcos@+cos’ 9)) and attempt first stage

ofj cos’ 0d6 by parts. Reach j cos’ @d@ =cos@sin b J_rj sin’9d@ Limits not needed
Correct so far. Limits not needed.
Attempt to integrate all terms. I (1 +2cos 6’)d«9 and attempt to complete I cos’ 6d8 using

Pythagoras identity. Limits not needed. Depends on the previous M mark
As main scheme
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