8.5 Answersto Exercise 8.4
Further A-Level Pure Mathematics, Core 2
Polar Coordinates
Answer 1

(i)
y =rsné
= (7 + 2cosf) sno
= 79n6 + 2sn6 cosH

= 79n60 + sn20

a = 7cosf + 2cos26

de

dy ‘
But Fri 0 for a tangent to be parallel to the polar ax

s 7C0SO + 2C0s20 =

7cos6 + 2(c0329 - sin20) =

0

0

7cos6 + 2(200329 -1)=0
4c0s%0 + 7c0s0 — 2 = 0

0

(4cosf — 1)(cosf + 2) =

. 1
Either cosg = 7 or cosf = -2

. L 1
As cos6 = —2has no solutions, the only solutiondssf = 7 O
[ 5marks]
(i)
r =7+ 2cos6
=7+ 2X L
4
=75

[ 1 mark ]



Answer 2

(a)

X = rcosé

(1+ tan@) coso

= Cc0sO + siné
dx .
—— = —9Nn@ + cosb
do
dx . .
But P 0 for a tangent to be perpendicular to the polar axis

. —8Sn@ +cosd =0
snf = coso
tang = 1

9=i:>r=2:>P(2,i)
4 4

[ 5marks]

(b) Without worrying about the limits to begin with...

1
AreaR = Ef(l+tan0)2d0

1
?f1+ 2tan 9 + tan20d0

1 2
E'fl+2tan0+sec 0 -1

[tanodo + %jseczede

= In|seco| + %tane +c

With a lower limit of% and an upper limit of% this becomes,

AreaR =

1 1

—= | + —tan(i) —In
cos(%) 2 3

v 3 1
In2+ — —Inv2 - —

2 2

1 1 1
In2 - —In2+ —v3 - —
n 2n +2 >

%(mz+¢§—1)

1
==

In — —tan|{—
2 4

Thatis,p =2, q =3 andr = -1

[ 7marks]



Answer 3
(a) y

=rsno

= a(snz20sné)

do

dy
But —-
P

= a(sn20cosh + 2cos20snb)

= a(25in000526+ 2(c0526—sin20)sin0)
= a(23in000520 +2sinfcos f — 23in30)
= a(4sin000320—23in39)

= 2asin«9(200528— sinze)

= 2asin6(200520—(1—00520)

= 2asin9(300329— 1)

= 0 for a tangent to be parallel to the polar axis

. 2asiné (300329 — 1) =0

Either sn® = 0 or 3cos?d — 1 = 0
The sin# = 0 result shows that the initial angle of the loop at the origin is O

For 3(:0320 -1=0

1
cos?H = —
3
1
cosO = £
V3
The cosf = — % result corresponds to a loop not shown in the diagram that
is for values ob outside of the domain specified.
1
For the angle of interest, whefe= ¢, cos¢p = ——— O
g ¢ ¢ 73
[ 6 marks]
. . 1. V2 V3
b r=asn20with 6 = ¢, cOSp = —, SN = ———
(b) wi b, COSp = —=, sin¢ 3
r = 2asin¢g cos¢
1 \2 1
=2ay/l1-|(—= —
(\/§) V3
_2vZ |
-3

[ 2marks]



(c) Preparation...

Subtract 0052 20 — sin2 20

c05220 + sin220 =

I
=

cos 40

Area S

23in26 = 1 - cos46

.2 1 1
In @ = — — — cos46
2 2

19 2.9
Ej'oasm 26 d6
2

ac ¢

e fo 1 — cos46 do

2

ac ¢

— | 4-24

16 Io cos40 do
52

E[M - S|n49]

0

a2¢ a25in4¢

4 16
a2¢ B a223in2¢cosz¢
4 16
¢  a*4singcose (cos?p — sin®g)
4 16
&9 & VZV3 1 (1-2
4 4 3 V3 1\ 3
2y & V2 L4
4 4 3 3
ia2(9¢+\/7)
36
%az(garccos(%+\/7))

[ 7marks]
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