Edexcel Further Maths Polar coordinates o
Section 2: The area of a sector

Section test

1. A spiral has polar equation r = a_H_
T

Find the area bounded by the spiral from =0 to &= = and the initial line.
Find the area bounded by the spiral from #=0to ¢= 2x and the initial line.
2. Find the area of the cardioid r =2(1+ cosé).

3. Find the area of one loop of the curve r =asin46.

4. The area bounded by the equiangular spiral r = ae’ from =0 to =27 and the

initial line is
(a) $a*(e*" -1) (b) 3a*(e™ -1)
(c) $a*(e* -1) (d) 3a*(e* -1)

5. A limagon has equation r =1++/2cosé.
Find the area of the outer loop of the limacon.
Find the area of the inner loop of the limagon.

6. A curve has polar equation r’ =a’sin26.
The area of the smallest possible square which encloses the whole curve is

@) Eaz 33 ..

(b) —a

3\/§ 2 (d) §a2

)—a

7. A curve has polar equation r =cos36.
The Cartesian equation of this curve is x* +2x*y* + y* = x> —3xy?.
Find the area enclosed by one loop of the curve.
Find the gradient of the curve at the point where 8 =27
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Solutions to section test
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Area = Eﬁgﬁdﬁ = %J-:”(:Z(i +c0s6))*0 0

2 section test solutions

= :2[02”(1+:2005¢9+0052 0)d o

=2[ (1 +20080 + £(c0s 20 +1))d 0

= 2_[:”(§+200549+§cos:249)d6’

=2[20+2sinb+1sin
=2X2x27w
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r=owhen sin40=0 =>40=0,7
=0=0,%
owne loop s therefore between 0 =0 and 0 =%
/4 2 T/ 4 2 . 2
Area:'[ ir 0[0:%'[ a’sin*40d0
2]

(2]

=242 (" 1(4 —cos20)d 6

=24°[0-2singd]"*

0=
5 Whenr =0, cosO0=—%=0=5 or 5F
Aren Ls twice the avea between 0 =0 and 0 = 2F
3w/ 4 3T/ 4 /
aven =2 5r%00 =] (1+2c0s )00 6=
o 0

= .[03”/4(1 +22c0s0+2c0s* 00O
= J.;”M(i +2/2c080+c0s20+1)d0

=[20+2V2sin+1sin :26’]2’”/4

=2 +2JaxEt-1

=Zm+Z

Area Ls twice the avea between 0 =2Z gnd 0 =1,
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Area =:2L” 270 =j” (1 +~/2 c0s 0)2d 0

using integration
from above

[:29 +2/2sin 0+ Lsin 29]

2/4
—ar+o+0-(Z+2V2x %)

1 _3
27[ 2

6. Y= rsin@=asin20sind

o
%Y _ a(\sin20cos @+ 1 x2c0s20(sin20)™"2 stin )

Yo
= ﬂ(cos O-Jsin 26 + %)
4y cos20sin 0
=0 =epsOsind =—"""—"27
A0 coSTNSIA Jsin 20

= c0s0sin20+cos20sin 0 =0
=sinzld =0

=>z30=00r t1x

T
=0=00or t—
3

From the graph, 0 # 0, so the tangent parallel to the initial Line in the first

y 7
quadrank is where 6 = —
3

. , T, T
The tangent is therefore y = a fsm— sin—
2 32

BY symmetry the tangent perpendicular to the tnitial Line tn the first

’ ’ 272- , T
quadrantis x=a /sm— sin—.
32 3
T
The avea of the square is therefore [:M /sm— sin —j
32

oy 2 T

=44 sin —sin*—
3 32

32 3
IR NN Cy

2 4 2

F. r=o0owhew cosz30=0 =>30=-%,%
=0=—=,Z 0=2
owne Loop is therefore between 0 =—Z and 0 =72
6=-=2
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The area is twice the area between 0 =0 and 0 =Z,

Avea = :zj.ﬁ/eérzdﬁ = _Lﬁ/écos2 3040
o

L””’g(coseeﬂ)da

[2sined+0] ¢

(2]
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whew =271, r=cos2r =1
X=rcosO=cos2r=-%

y=rsinbd=siniz =1z

X4+2X2g2+g4:/(3_3xg2
Differentiating tmplicitly:

43+4 2_'_4_20(5_’_4 Sdg 2 2@ D{g
X+ A XY= —==3X" -3y  —exy—=
g de g ox g gdx
2 3 D{g 2 2 3 2
4 y+4y +6X3)E=3x —3Yy " —4x° —4xy
when x=—% and y =43
d
(4VE+3v5-3VE) L =5 -2+1+3
dx
d
N
dx
dy 1 1
Y_t_ iz
de Nz s
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