Questions
Q1.

\ /)\ J Initial line

R Q
Figure 1
Figure 1 shows a sketch of the curve C with polar equation
T 3r St

r=4cos20, -~ <@<— and
4 /
The lines PQ, QR, RS and SP are tangents to C, where QR and SP are parallel to the initial line and PQ
and RS are perpendicular to the initial line.
(a) Find the polar coordinates of the points where the tangent SP touches the curve. Give the values of 6
to 3 significant figures.

(b) Find the exact area of the finite region bounded by the curve C, shown unshaded in Figure 1.

(c) Find the area enclosed by the rectangle PQRS but outside the curve C, shown shaded in Figure 1.

(Total for question = 15 marks)



Q2.

. . . >
Initial line

Figure 1

Figure 1 shows a sketch of the curves with polar equations
r =2sin@ 0<f6=sm
r=15-sin6 0<s6=<2m
The curves intersect at the points P and Q.

(a) Find the polar coordinates of the point P and the polar coordinates of the point Q.
The region R, shown shaded in Figure 1, is enclosed by the two curves.

(b) Find the exact area of R, giving your answer in the form prr + g3, where p and q are rational
numbers to be found.

(Total for question = 11 marks)



Q3.

>
Initial line

Figure 1

The curve C shown in Figure 1 has polar equation

r=sinf + cos 20 00K

A

At the point P on C the tangent to C is parallel to the initial line.
Given that O is the pole,

(a) find the length of the line of OP, giving your answer to 3 significant figures.

The region R, shown shaded in Figure 1, is bounded by the curve C and the initial line.

(b) Use calculus to find the exact area of R.

(Total for question = 12 marks)



Q4.

Figure 1 shows the 2 curves given by the polar equations

r=\/§sin¢9.

r=1+cosé

(a) Verify that the curves intersect at the point P with polar coordinates [

>
Initial line

A
I\

A
i\

o | W
'\)Jlk‘
D

The region R, bounded by the two curves, is shown shaded in Figure 1.

(b) Use calculus to find the exact area of R giving your answer in the form a(r - V3 ), where a is a

constant to be found.

(Total for question = 8 marks)



Q5.

Diagram not
drawn to scale

b
Initial line

Figure 1

Figure 1 shows a sketch of the curves C; and C; with polar equations

C, : r=—=cosb, 0<6<

o | N

C,:r=33- gcos(i, 0<o<

| N

The curves intersect at the point P.

(a) Find the polar coordinates of P.

The region R, shown shaded in Figure 1, is enclosed by the curves C; and C, and the initial line.

(b) Find the exact area of R, giving your answer in the form prr + q\/g where p and g are rational
numbers to be found.

(Total for question = 11 marks)



Q6.

A

p Initial line

0 4a
Figure 1
The curve C, shown in Figure 1, has polar equation
r=2a(l+ cos 6) O0<sfsm
where a is a positive constant.

The tangent to C at the point A is parallel to the initial line.

(a) Determine the polar coordinates of A.

[« 8)5)

The point B on the curve has polar coordinates
The finite region R, shown shaded in Figure 1, is bounded by the curve C and the line AB.

(b) Use calculus to determine the exact area of the shaded region R.
Give your answer in the form

%:(drr —e+ f\/.’_.)

where d, e and f are integers.

(Total for question = 13 marks)



Examiner's Report

QL.

This question on polar coordinates proved to be quite demanding and fully correct solutions to all parts

were not widely seen. In pjlrt (a), most knew the initial step of using rsinf and correct differentiation

y
usually followed. Solving dé proved challenging to many. Those who had replaced cos26 with 1 -
2sin?6 before differentiation tended to have more success. A variety of approaches were seen to the
trigonometric equation but obtaining one of the correct values for 6 was elusive. It was unfortunate to see
21 — B rather than 7 — 6 used for the second value. A common error was to neglect to find the
corresponding value for r.
Part (b) was a reasonable source of marks for most students and almost all knew that integration of k |
(4cos26)? was required. Almost all were able to write the integrand in terms of cos46 and integrate
correctly. The last method mark was more difficult and inappropriate limits and/or wrong multipliers were
widely seen, resulting in various incorrect multiples of 7. Some students thought that the values of 6 from
part (a) were required as limits. Students who explicitly showed their method to obtain the area bounded
by two loops of the graph were more successful. Many were unaware of how the use of limits outside the
range of 8 for which the graph was defined risked incorporating extra loops into their calculation.
Part (c) continued to challenge, although the mark scheme was designed to reward all students who used
an appropriate method. A few variations were possible as in part (b) although finding the area of the entire
rectangle PQRS directly was the usual route. Some students needlessly embarked upon solving

d

dx (rcos6) O. Many were able to write down the length of the rectangle but the width was often
incorrect, with values of 2r rather than 2rsin@ a common misconception. Those who obtained a value for
the length and width invariably scored the two method marks for an acceptable attempt at the shaded
area, but a correct final answer was not common.

Q2.

This question on finding an area enclosed by two curves given in polar form was predictably
discriminating.

Part (a) required students to find the polar coordinates of the points of intersection of the curves. Most
students were able to find a correct value for 6, although a second value was sometimes incorrect or
missing. Further values of 8 were occasionally seen. The correct value of r = 1 was widely seen although
a small number of students gave an additional value of r, usually —1, for the point Q.

Part (b) asked for the exact area enclosed between the circle and limacon. Those who considered the
situation carefully at the start, often by annotating the diagram or drawing their own, were more
successful in choosing a correct strategy to find the area of the region enclosed by the curves. The

l [ de _ L . .
correct formula of 2 was widely used although the 2 was sometimes missing. Use of Jr d@
was very rare. Many were able to score 3 or 4 of the first four marks by obtaining an appropriate
integrated expression for the area bounded by the limacon and the straight lines of the segments. Errors
included poor squaring, occasional sign errors with the identity for sin®6 and sign and other errors made
when integrating the trigonometric terms. Most then used their angles from part (a)nas limits, although

some chose to double the result of using their smaller angle with an upper limit of 2. A wide variety of
incorrect limits were seen. The next mark required a correct method to find the area of at least one
segment. Most had the correct expression after integration but incorrect limits were again common. Use
of the segment area formula 12r?(6 — sin 6) was quite rare. The final method mark required a fully correct
method and many attempts did not combine the found areas appropriately. A few students used fully
correct limits throughout but mixed up the curves. A very small number attempted J(circle — limacon)? dé.
The final A mark was demanding but it was pleasing to see a good number of students reaching the
correct exact value.



Q3.

This question on polar coordinates was a good source of marks in part (a) but proved more discriminating
in (b).

Part (a) required finding the length of OP where point P was the point of contact of a tangent parallel to

d :
the initial line. Most realised they needed to solve dé (rsmnf) =0
d
. —(rcosf)=0 . . . . . .
solving dé was required. Most obtained and differentiated r sin 8 correctly but it proved
more difficult to obtain the correct three term quadratic in sin 6. Those who obtained the correct three term
guadratic generally proceeded to find the correct value of r, usually by finding 6 first, although a few

expressed co0s26 in terms of siné.

although a small number thought

In part (b), most used the correct area formula and squared correctly but the resulting term of 2sin6cos26
proved challenging to integrate. Most used cos26 = 2cos?6 — 1 and then integrated 4 sin6cos?6 although a
small number used the sum and product formula to obtain sin36 — sinf. The very small number attempting
integration by parts, which needed two applications and rearrangement to make 2sin6cos26 the subject,
were rarely successful. Some candidates who couldn't integrate this term resorted to evaluating it on their
calculator and received no further credit. Those who had integrated successfully, rarely used incorrect
limits and the correct exact area was often confidently achieved.

Q4.

Students quite often did not appreciate the meaning of the word verify so that what was supposed to be a
straightforward start to the question was made into something more complicated as students tried by a
variety of means to solve an equation to find 6.

The formula for the area under a polar curve was well known with very few students not being able to
express the area as a correct integral although there were occasional problems in getting the limits on to
the correct integral.

The method of integrating the powers of sin and cos by expressing them in terms of double angles was
well understood and correctly carried out by the majority of students.

Some students did subtract rather than add their integrals but of those who added and had the correct
limits on the correct integrals most were able to reach the answer in the required form.

Q5.

This question proved more demanding for students although there were many correct solutions.

(a) proved accessible with most students achieving full marks although a significant number of students,
having found 6, forgot to find r.

In (b) the formula for the area enclosed by a polar curve was well kngwn as was the idea that a sum of

two areas was required. A common error was to use 1 rather than 2 as the upper limit of the area
bounded by the circle and some students correctly found the area of a segment for the relevant part of the
area.

It was pleasing to see how many students could manage to take the quadratic function of cos 6 and
change it into a function involving cos 26 and successfully integrate the resulting function.

The majority of the final answers did involve V3 and 1 rather than using decimals. Students should be
reminded that it is advisable to show how the limits are being substituted into the results of their
integration rather than just produce a numerical result with no working.



Q6.

This question was a good source of marks in part (a) but the later marks in (b) were more discriminating.

Part (a) required finding the polar coordinates of the point of contact of a tangent to a polar curve, where

d .
—(rsmnf)=0
the tangent was parallel to the initial line. Most students realised they needed to solve d&

d dy
—(rcosd)=0 =
although a small number thought solving d& was required. Occasionally the required d&
dy dr
y=rsinfd =—=—-smb+rcosb
was found using de deé . A small number of candidates unnecessarily

dx

found d&. However most obtained and differentiated r sind correctly using the product rule or via sin26 =
2sinBcosO and the correct three term quadratic in cos@ was usually reached. Those who obtained the
correct 3TQ generally proceeded to find the correct value of 8 and invariably the correct r followed. It was

rare to see any candidate who did not reject the (11, 0) solution although occasionally 6 was greater than
T

5

1 L.f 22

2 =403 .
In part (b), most used the correct area formula although a few lost the 2 from 2* . The expression
for r was almost always squared correctly As with the differentiation in part (a), only a few slips were

<
cos @ = —c05-9 +-

seen with the required use of 2 and the subsequent integration. A small number
who used the trigonometric identity and also integrated in one line of working forgot to integrate the

1 . 1

=cos2 6 +-

2 terms. Many errors involved mishandling of the constant a from the curve equation. Those

Who didn't move the a? to the left of the integration sign were particularly vulnerable to this. The majority
TT TT

knew to use the limits of their 3 and 6 and substitution with correct subtraction was usually seen. A

w T
small number used the limits 3 and O followed by subtraction of the result of applying the limits 6 and O.
However, the main misconception seen was that many candidates believed that they had now already
found the area of the shaded region R. A relatively small number knew that they had to subtract the area

1 1

of the triangle OAB and most who attempted this found the correct expression. The 2 from 2absinC was
occasionally missing. A few more protracted attempts at the area of this triangle were seen — such as
dropping perpendiculars to the initial line from A and B to form a trapezium ABQP, finding its area and
then adding the area of triangle OAP and subtracting that of triangle OBQ. Some succumbed to algebraic
errors in the last few steps but it was encouraging to see plenty of fully correct and well-organised
solutions.



Mark Scheme

Q1.
Question 2
Naiisbies Scheme Notes Marks
s P
6 Inmﬁlme
2 | " a
(@) y=rsinf=4cos28s1n6 Attempts to use 7 sin & M1

%=4cos 28cos@—8sm28smb

or
i - 2 A\ : =23 dy -2 : Bl
y= 4(1—Zsm 0)51116 =4smB—-8smn” 6= 3 =4cos&—24sm" Bcosé
, dy . dy
A correct expression for — or any multiple of —
de dég
dy Set their L — 0 and attempt to solve to
£=O=>6’=... de M1
obtain a value for
8
r=— (orawrt2.7
7'=§, 6=0421, =272 Anyoneof: © 3 ¢ ) Al
or =0421...0or 6=272...
Correct value for » and both angles correct.
May be seen as|1§‘0_421 ‘!‘l’§-2_72 l Allow
\3 JA\3 y
) 8 l(vo_42 1 EH . 2.72. El but coordinates do not
~ \ 3\ =53 }
. Al
8=0421 2.7 have to be paired and accept awrt 0.421. 2.72
and allow awrt 2.7 for % Ignore any other
coordinates given once the correct values
have been seen.
)




®)

A= ...f(4cos 20)*de

Indication that the integration of (4 cos28)’

1s requured. Ignore any limits and 1gnore any
constant factors at this stage.

M1

cos’ 26 = %(1 +cos46)

A correct identity seen or implied.

Al

A=_[ab+ Bsin46]

Integrates to obtain an expression of the form
@+ fsin48 . Ignore any limits and 1gnore

any constant factors. Dependent on the first
method mark.

dM1

N

=16[6+lsin46]
4

A fully correct method that if evaluated
correctly would give the answer4.7. Note
that the correct “constant factor” may only be
applied at the very last stage of their working
and this method mark would only be awarded
at that pomnt. Dependent on all previous
method marks.

ddM1

Examples that could score the final M1 (following correct work):

1. O -
16 <9+1s1n49 . 8 9+Zs1n49 .8 9-:—25411149

Jo

B

; 16[9+lsin49]
_’Cn 4 3_:

1 n
= -

T

&

=4

cao

Al

(©

PO =2rsinf=

16
346

Correct expression or value for PQ or PQ/2.

8\ 1 (8).

Eg 2[ 2|1, 22 )sin0.421,

& (_3JJ€ |\__3Alsm '
3\

% \sin 2.72,%’--5 or half of these.
/

May be implied by awrt 2.2 or awrt 1.1

Bl

SP
SP=8 or T=4

Correct value for SP or SP/2

Bl

Area PORS = —9 xs[=64‘/g|
W6 L 9 )

Their PQ x SP. Must be the complete
rectangle here.

M1

2

3\6

—4r

Required area =

M1: Their rectangle area — their answer to

part (b)

Al: Correct exact answer or equivalent exact

forme.g. T‘jg —47 orallow awrt 4.8 or 4.9

MIAL

)

Total 15




Q2.

This 15 a key step and must be the correct method for this part of the area e.g. uses

their % and their 5?” (or twice limits oftheir% and %)

Question
innber Scheme Notes Marks
(a) 2smf=15—smf=>6=..
o Equate and attempt to solve for &
r or M1
sin0=7:>r=l.5-r=>r=... Eliminates sinf and solves for
_ , Correct coordinates. Allow the marks as
ol soon as the correct values are seen and Al
6 allow coordinates the wrong way round
and allow awrt 0.524 for /6
Correct coordinates. Allow the marks as
soon as the correct values are seen an
o1 X th I d a1
"6 allow coordinates the wrong way round
and allow awrt 2.62 for 57/6
3
(b) 1 T 1 iR
—] (1.5-sin6)dé or (—} (2smé) de
2 2, M1
Attempts to use __[(sin 6)'de or ...j(l.s—sinﬁ)lde
s : .3 _ (1—cos26)
(1.5—sin6) =2.25-3sin6+sin" 6=225-3sinf+————
Expands (allow poor squaring e.g. (1.5— sin6)2 =225+sin" 6 and attempts to use | M1
2 1 cos28
sin" f=x—=
2 2
lJ-(l.S—sinG)sz [1—19+3cose—lsmze}
2 2| 4 4
M1: Attempt to integrate and reaches an expression of the form MiAl
ab+ Bcos6+ysin26
Al: Correct mtegration (with or without the ¥2)
115 5 57 11 1
—[ E=— (—.—”4-3 cos2 X~ Zsin 7—TJ—{ 23 osi——sm?—)
6 4 6 4 6 6 4 6
M1




%J(Qsin&): de =J(1—c0526}d6 =[¢9—%sin20]: =[%—€](—o)

Uses the limits 0 and their % to find at least one segment.

If using integration. must have integrated to obtamn pé& +¢gsin 26 with correct use of
limits
1, 02(x 1 v B3 ; T 3
NB can be done as: —7-(1) = -3-(1) sin| but must be correct work for their

angles

M1

1_1”_11J§+2[,7 6}57 15 &

12 8 6 4

ddM1: Adds their two areas to give a numerical value for the shaded area
Dependent on the previous 2 M marks and must be a completely correct strategy so
needs to be an attempt at:
S,

1 6 ; 2 2 ; 2
— 1.5—smn@) dé or 2x—1- 1.5—-smn@) dé
2 ( 2

n%n

e

wEn

+

-%‘ . r%! P .
2x%‘[ (2sin8) dé or %J' (25in6}“d9+%J. (2sin6) d6
0 0 -

Sxn

Al: Correct answer (allow equivalent fractions)

ddM1A1l

®

Total 1

1

2

— A 9 ,, —
Note that attempts to use [%]J.(Cl -C,)dé eg. ( le(zsme—(l.S—smB)) de
Will probably only score a maximum of the first 3 marks

i1e.

M1 for (‘%)J‘(Zsme—(kl.S—smg)f dé

: : g 2
M1 for expanding and attempting to use sin” 6 = i%i cos7 2

M1 for attempting to integrate and reaching an expression of the form
ab+ Bcos6+ysin 26

M1




Q3.

%u;;t;zrn Scheme Notes Marks
r=sm@+cos26
(@ y=rsinf =sin’ 8+ sin fcos 26
oreg. Correct expression B1
y=sinf(sin+cos28)
%= 2simn B cosf+cosfcos26—2smnfsin 26
M1: Correct use of Chain and Product Rules (allow sign errors only) on a correct | MI1Al
expression
Al: Correct differentiation
Ssindd— 25 —1=0 | Correct quadratic Al
sme—‘—‘/‘—: atP, s +‘[_:>(9= ‘ "‘*‘/——06>3067
2 2 +4/28
r=smé+cos20= - +cos(2x"0.653...")
A complete method to find OP. Solves their 3TQ in sin 8, proceeds to obtain a
value for & and uses the given expression for 7 to find OP.
or
(2403 3\ dM1
—“‘*/_ ‘/_=>cos°e 1-2 “/3]
12
r=smé+cos26= M+1—2 M
6 6
A complete method to find OP. Solves their 3TQ in sin &. proceeds to obtain a
value for cos26 using a correct identity and adds their sin & value to find OP.
Dependent on the first method mark.
OP=r=0.8692... awrt 0.869 Al

(6)




- 2 | i 2
(sin@+cos26)” =sin” 8+ 2sinfcos26 +cos” 26

Attempt to find r. Al
Allow poor squaring as long as there is the intention to square the bracket.
Attempts to integrate sin’d to obtain
af + Bsi 26 and attempts to
jsinz ado—to-Lenog integrate cos*26 to obtain
2 4 af + Bsin46. This may be
1 1 implied by an expression of the Ml
29 =—@+—si S :
jcos 8 d9—26+ssm46 form a6+ Bsmn26 +ysm46
Dependent on the first method
mark.
[2sin6cos26 d6 = [2siné(2cos’ 6-1) d6
= j’(4sin6cosz 6—2smn6) dé = —%:-cos3 6+2cosé
o ) dMm1
I?_sinecos?_e dé= f(sin39—sin9)d6 = —5c0536+cos¢9
Fully correct strategy for integrating (2)sin 8 cos 26
Dependent on the first method mark.
) 1 1. 1 1(,. 1.
Ir'd@ =—( 0——sm29)+c059——cos39+—(9+—sm49)
2y, 2 3 2 - ,
7 or Al
P 1 | 2 5 1 ) [
jr df=—| @——sm 20 |——cos’ +2cosf+—| 6+—smn 48
2 2 3 2\ 4 ,
Fully correct integration
Fully correct method using a
correct formula and evidence of use
x S a .
1 21240 = ofthehnntsz and 0 with ddM1
270 subtraction. Dependent on the
first and at least one of the
subsequent method marks.
Correct exact area.
T 1 Allow equivalent exact expressions
OOl . Al
4 3 TR R
22 3
(6)
Total 12




Q4.

Question
Number Scheme Notes Marks
(a) ST R 3sin(l-]=z Attempt to verify coordinates in at M
3 3) 2 least one of the polar equations
g B ace ( f) i 3 Coordinates verified in both curves Al
3 t 3) 2 (Coordinate brackets not needed)
(2)
Alternative:
Equate rs: 3sinf=1+cosé and verify (by substitution) that & =% 1s a solution
: 7]
or solve by using 7 =tan—
) £ 2 M1
or writing £5m9—1c059=l sinl49—£}=l A
2 2 2 6) 2 3
Squaring the original equation allowed as & 1s known to be between 0 and 7
Use €@ =% in either equation to obtain 7 =% Al
(b) Correct formula used on at least one
1 RH ; | : curve (1/2 may appear later)
2 J‘(\/;sm ez, 2 '[(1 ol R Integrals may be separate or added or i
subtracted.
=%J‘3sin: 8dé. %J‘(l +2cosf+cos’ 6)dé
= {% ]J‘%(l—cosQG)dG. [%)J.(l-é- 2cos€+%(l +c0s26))dé
- e o i oo M1
Attempt to use sin” & or cos” 8= t=£ =008 26 on erther integral
Not dependent 1/2 may be missing
ks 1 X3 (z)
3 1. 3] 1]3 b . '
A 7 B ) st (oo K8 —sin?2
4!-6 lsm._é’lm ; 2[26+_sm6+4sm_6:l.£' Al Al
Correct integration (1gnore limits) AlAl or AIAO
B 5 Correct use of limits for both
% 3| & 3vg =R 1|37 T 3 integrals
R—4[3 4 ('_0')}+2{ 2 [2+J_' 8 ” Integrals must be added. il
Dep on both previous M marks
3 Cao
B z( ® ﬁ) No equivalents allowed Al
(6)
Total 8




Q5.

5

<

6

=
%ul:]sﬂ;z? Scheme Notes Marks
G: r=%c059, C;: r=3\/§—gcos¢9
@ 2cos€=3\/§—2c059:>9=...
2 2 Puts C; = C: and attempt to solve for &
or or Ml
Ve =i A .
S %:) s 3\5—37' s Elinunates cos € and solves for 7
T 3\/5 Correct @ or correct 7.
f=— of r=——0or s L Al
6 4 Allow 8= awrt 0.524, r=awrt 1.3
x 33
Correct 7 and 6 ; =
r=ﬂ 1 orrect 7 an. (1sueg{ 5 ] Al
Allow @=awrt 0.324 r=awrt 1.3
(3)
®) — 2 2
lj(3¢§--9-cose] dé or lj(écose} e Ml
2 2 2.4 \.2
Attempts to use correct formula on either curve. The ¥: may be implied by later work.
: 26 +1
[3J’—%cose] =275 3cos¢9+%cos 6=27-273cos 6+ 81&%” Ml
Expands to obtain an expression of the form a + b cos 8 + ccos’ 8 and attempts to use
) 1  cos26
cos f=x—=
2 2
(1] (3J’——cose] de (1 | 2L0-27\3sin 6+ ksin20 MIAL1
2 2)L 8 16
M1: Attempts to integrate to obtain at least two terms from af. fsin 9. 7sin 28
Al: Correct integration with or without the %2 (NB %;7 =27+ )
>4 ;e " 3
( : )[ il 77J§sme+ﬂsm?9] =ll) (“—97.5-27J§.smf+ﬁsmz.f](—0) Ml
2/1 8 16 o 8 6 16 6.

M1: Uses the linuts 0 and their %

If the substitution for 8= 0 evaluates to 0 then the substitution for #= 0 does not need to
be seen but if 1t does not evaluate to 0. the substitution for &= 0 needs to be seen.




9 9[;1' Ji]

L (gcose] dé=— (cos')9+1)d9—i[is 26+ 9} =—|=-
2 2 , 16 16| 2 . 16

M1

3 4
) 1 cos28 . : : S
M1: Usescos™ 6 = i--; + B mtegrates to obtain at least ksin 26 and uses the linuts

of therr %and ';75' to find the other area

NB can be done as a segment - —(—J ‘ } [_)-sm[%J

13y . 1(3 149
Allow —(—J [;r—2xthe1r”]——[—] sm(/‘r 2xtheu£)
ATYA 6) 2\4 6

FAN

96 6+ 16|

297 351J_ 9[,1 Ji] 105

3 W) 8p

MI1Al

M1: Adds their two areas both of which are of the form a7+ b\/—

Al: Correct answer (allow equivalent fractions for 13L75 and/or % )

()]

Total 11

Special Case — Uses =(C, - C,)

(b)

2

_I.J‘(%/g—%cose—%cosé?) dée

M1

Attempts to use correct formula on £(C, —C, ). The %2 may be implied by later work.

: B s 26+1
(3v3-6cos8) _ 27-36v3 cos 9+ 36c0s? 6 = 27— 36v3 cos 8.+ 36 =220 +1)

M1

Expands to obtain an expression of the form a + bcos 8 + ¢ cos’ 8 and attempts to use

3 1 cos28
cos " 8=x—=%
2 2

(%”‘(3‘5 ~6c0s6) d6 =(%J[459—36~/§ sin6+9sin26 |

M1

Attempts to integrate to obtan at least two terms from 8. fsmnf. ysin28

No more marks available




Q6.

Question

Niiabcs Scheme Marks
(a) rsinf =2asmf+2asmbcosb rsmé =2asmé+asmnf Bl
d(rsiné 2 ;
M:Zacoscﬁwzacoyﬁ d(rsiné)
dé ——~=2acosf+2acos26 |MI1 Al
T dé
—2asin~ 6
2cos’@+cosf—1=0 terms in any order
(2cos8—1)(cosf+1)=0
1
c058=; 9=% (=7 need not be seen) dM1Al1
3
r=2ax7=3a Al (6)
(b) Kigai=t j 2T j 3 4a? (1+cos8)’ do
2 2%
Gl
=2aﬂj‘a§(l+7c059+cos 9)d9 M1
s
=2a I§(1+7c059+1(c0s29+1))d9 M1
? L
al i AE
=2a 8+25m9+; ;sm20+8 dM1A1l
- T s
’ M1
5 1 43 1 /3 =7
=2a” X \/§+—><£+£ —[£ 1+—x£+%ﬂ NB: Al on
2 e 4E R e-PEN
=241 1+\/§-1J
4 ;
AreaofAOAB:;x3ax(2+\/§)axsmE =Za'(2+\/§)
) : 3 2 % f
Shadedarea=Za'(£+\/§—1]——a‘(2+x/§)=a—(2ﬂ—14+5\/§) MiAlco
4 ) 4 4 @)

[13]




Question

Nisabics Scheme Marks
(a)
Bl Multiply » by sin @
Award 1f not seen explicitly but a correct result following use of double angle formula
1s seen
M1 Differentiate »smn & or rcos@ (using product rule or using double angle formula first)
Al Correct derivative for rsin 6
dM1 Use sin”@+cos =1 to form a 3TQ in cos@ and attempt its solution by a valid
method
Al Correct value for &
Al Correct r
(b)
M1 Use area = —})—J‘ r’d@ with r =2a+2acosf . no limits needed.
M1 Use a double angle formula to obtain a function ready for integrating
(Alt method uses integration by parts — may be seen)
> : L
dM1 Attempt the integration cos28 — -;sm 20 k=12 or £1
Al Correct integration.
Substitute the limits (need not be simplified). Limits % and their & from (a) provided
M1 =
this 1s > —
6
NB: Al on e-PEN
M1 Obtain the area of AOAB and subtract from their previous area

Al

Correct answer




