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Given x> + ) = 3axy, find the area of the loop.

<>

x=rcos 0, y=rsin 0, sub. into x> + )* = 3axy
(7 cos 0) + (r sin 0)* = 3a(r cos 0)(r sin 0)

.. The polar equation of I" is =M
sin” 0+ cos” 0
?»a3s1n(n Al 6)cos3(n i 9) = __3? S 90038 0 = the curve repeats for every multiple of .
sin®(n+0)+cos’(n+0) sin®0+cos’O
_ 3asinBcosO 3asinOcos 6 345in 20

,= =
sin’ @+cos’ 0 (sin®+cos 9)(sin2 0 —sinOcos 0 + cos’ 6) \/Esin(GJr z)1-1sin20)
1 —lsin 2021 —l=l> 0
2 2 2

7 1s undefined when 0 :% .

When 6 —{%) , ¥ — —o0; when 0 —)(%Tn) , 7 —> 0,

31T "l Sm 1=

0 - — — - - - - -
0 26 |4]3 12 12 | 3 ( j "
0° | 15° | 30° [45°]60°|75°]90°| 105° | 120° | 134° | 136° | 150° | 165° | 180°
r 0 |08a|l1l7al|2.1a|1.7a]0.8a| 0 |-0.8a|-2.5a| —40a | 40a | 2.5a | 0.8a 0

T L T | m|5mn T 0k 2_7'C [371)
2

From the table, the small loop corresponds to 0 < 6 S%.

T n . 2 = . )
Area =1 [ g =[5 JesinOeost o i _smOeost_ g
270 o sin’ 0 +cos’ 0 o\ sin’ @ +cos’ 0

=9a2jZMd8=3azj2d—V:, w=1+tan? 0, dw =3 tan? 0 sec* 0 dO
0 (tan38+l) tw

1)’ 2 .
=3a2(——) =3a2(—l+lj=3i $q. units
w), 2 2
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Method 2

1
Perform the rotation of axis (in anti-clockwise direction by 45°): \/15
Y=
V2

2x; +6x,yf = 3a\/§(x12 —ylz)
(6)c1 + 3a\/5)y12 = 3ax/5x12 —2x;

' 3a\/§x12 —2x;
: 6x, + 3av2

2 _ (3a\/§— 2x, )xlz
T S+ a2)

y2 ~ 3a_\/§x1 12 x1>
: 3\/§xl+a

X [3a=V2y
75\ V2r1a

I+

=
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3a
After rotation, the area is 2x jﬁ »,dx

ZIJ*
%F

= ‘/ dt t= \/Ex
t+a

j t+a

Letu= ~t+a;t=0,u= \/;,t=3a,u=2\/z
dt
du= ——;t=u’—a
2Nt +a
N e >\ —
Area = ﬁjﬁ (u a) V3a—u® +a(2du)

-2 J-N—(uz—a) mdu

Ja

Letu=2\/_sm8 \/4a—u2:ZJ_cose;du:Z\/ZcosedG

u= a,0= = u—2\/_
Area = \/_J'E 4asin28—a)-(2\/2cos6)2d6

= 4sm 0— 1 -cos” 0dO
i

2 c0s? 0dO

il

8a’ J«g 1+cos20

24sin* O cos’® 0dO —

II
f j g sin” 2040 —
6

8a’ jg 1—cos40

do

d8—8

_ 4d? sin40 )2 4a* sin 20 \2
= - - 0+
3 4 )= 3 2 Jr
6 6
(_ sin40 _ sin 26}2

4 2

do

a’ J«g 1+cos20

4q?

sin 2m sin
2 — — 2
4a 3 3 a—(sm%+251 T
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