FP3 Polar Coordinates Questions

6 (a) A circle C; has cartesian equation X+ (v— 6)2 = 36. Show that the polar equation
of Cy is r = 12sin0. (4 marks)

(b) A curve C, with polar equation r = 2sinf + 5, 0 < 8 < 2m is shown in the diagram.

O >

Initial line

Calculate the area bounded by C;. (6 marks)

(c) The circle C; intersects the curve C, at the points P and Q. Find, in surd form, the
area of the quadrilateral OPMQ, where M is the centre of the circle and O is the pole.
(6 marks)




4 The diagram shows the curve C with polar equation

r=6(1—cosfl), 0<60 <2n

o Initial ]in:
(a) Find the area of the region bounded by the curve C. (6 marks)
(b) The circle with cartesian equation x> + y% = 9 intersects the curve C at the points
A and B.
(i) Find the polar coordinates of 4 and B. (4 marks)
(ii) Find, in surd form, the length of AB. (2 marks)

2 A curve has polar equation (1 —sinf)) = 4. Find its cartesian equation in the
form y = f(x). (6 marks)




7 A curve C has polar equation

r=6+4cosb, —n<f<n

The diagram shows a sketch of the curve C, the pole O and the initial line.

Initial line -

L

0
(a) Calculate the area of the region bounded by the curve C. (6 marks)
: ; : : 2n
(b) The point P is the point on the curve C for which 0 = >
The point Q is the point on C for which 0 = .
Show that QP is parallel to the line 0 = g (4 marks)
(c) The line PQ intersects the curve C again at a point R.

The line RO intersects C again at a point S.
(i) Find, in surd form, the length of PS. (4 marks)

(i) Show that the angle OPS is a right angle. (1 mark)




(a)
(b)

(©)

Show that (cos 0 + sin0)? = 1 + sin20 . (1 mark)
A curve has cartesian equation
2+ = ¢ +)*

Given that » > 0, show that the polar equation of the curve is

r=1+sin20 (4 marks)
The curve with polar equation
r=1+sin20, —n<0<n
is shown in the diagram.
0 Initial line
(i) Find the two values of 0 for which r = 0. (3 marks)

(i1) Find the area of one of the loops. (6 marks)



FP3 Polar Coordinates Answers

6) | 2432 -12y+36=36 _
M1 Use of y=rsin @ (x =rcos@ PI)
M1 Useof x?+y?=r?
r’ —12rsin@+36 =36 ml
—r=12siné Al 4 CSO AG
1 . 2 1 2
(b) | Area= 5j(zsmﬁ'+5) de. M1 Useofajr de.
2r

1 . 2 . . 5
== I(4sm“ 6+20sin@+25)d8 Bl Correct expn. of (2sing+5)°

29 Bl Correct limits

1 Ir
=— J(Z(l —c0828)+20sin@+25)d | Ml Attempt to writesin® & in terms of
2 0 cos 26.
7]
1 . 2
= by [276 - sin 26 — 20 cos 6] 0 ALV Correct integration ft wrong coeffs
=27x Al 6 CSO
(c) | At intersection12sin@ = 2sin@ +5 Ml OEeg r=06(r-5)

g = 5
= SmE=ETy Al OEeg r=6
Points (6%) and [6%) Al OE
OPMQ is a rhombus of side 6 Or two equilateral triangles of side 6

B . 27 M1 Any valid complete method to find the
Area= 6X6Xsin ? oe Al area (or half area) of quadrilateral.
=183 Al 6 Accept unsimplified surd

Total 16




4(a)

P 1 . 2
Area= 5[36(1—::058} do

. 1 -2
M1 use of EI; dé
= l] 36(1 - 2cos 6+ cos> #) dO Bl for correct gxp_lanation of [6(1—o0s@)]
29 Bl for correct limits
=9I2—4c059+(c0526+1)d9 Ml Attempt to write cos” @ in terms of
0 cos 24
9
= [2?6’—365m9+55m 29} AlS Correct integration; only ft if integrating
o a + bcos@ + ccos28 with non-zero a, b, c.
=54 Al 6 CSO
®)D | x*+y*=9=+"=9 Bl PI
|
A&B:3=6—6c059:>c059=5 Mi
£ o T, Sz
Pts of intersection 3=E ; 3°? Al OE (accept “different” values of @ not in
AlS 4 the given interval)
(ii) | Length AB= 2xrsiné Ml
3
------------ = 2X3X7=3\5 Al 2 OE exact surd form
Total 12
2| r—rsinf=4 M1
r—-y=4 BI rsing = y stated or used
r=y+4 Al
Xy =(y+4) Mi r’=x"+y" used
X +y =y +8y+16 AlF ft one slip
_ x'—16
¥ 8 Al
Total
7(a) 1 > lr,
Area = EI(6+4C056) dé M1 use of E-[’ de
1 H 2 2
= 5[[36 +48cosf +16cos” 9] de Bl for correct expansion of [6 + 4cos&)]”
i Bl for limits
=(I 18+24cos 6 +4(cos 20 + I)J deo Ml Attempt to write cos’ @ in terms of
s cos 26
. . T
= [220 + 24sin 6+ 2sin 20 L AIF correct integration ft wrong coefficients
=441 Al 6 CSO
(b) | AtP, r=4; AtQ, r=2; Bl PI
2n
Pix=i rcosH:4cos?:—2 Ml Attempt to use » cos@
Q{x=} rcos@=2cosm=-2 Al Both
Since P and Q have same x’, PQ is
vertical so OP is parallel to the vertical
. T
line 6= 5 El 4




(©)(i) | OP=4; 0S=8; Bl
Bl S(4,4V3) and P (-2, 273
A@EHB=§ or §(4, 4\3) and P{ )
2 2, Q2 n
PS"=4"+8 —2x4x8x COSE oe M1 Cosine rule used in triangle POS
OE PS?=(4+2) + (43 -23)
PS =48 {-43} Al 4
() | Since 82 = 4% + (m )7 , El 1 Accept valid equivalents e.g.
, R , o PR =2PQ =2(2V3) = PS.
08" =0P" + PS™ = OPS is aright -
angle. (Converse of Pythagoras Theorem) ZSRP=ZRSP = ZRPO = A
= OPSis aright angle
Total 15
4(a) | (cos@+sin 9)3 =cos” B +sin’ #+2cosfsin @
=1+sin28 B1 1 AG (be convinced)
23? 4
(b) (x2 +y ) =(x+y)
213 2, .2_2
(r‘) = (rcost9+rsin6')4 M2,1,0 [MI for one of x+ y” =" OE,
x=rcos@,y=rsinf used]
* =+ (cos @ +sin 8)*
¥ =r(1+sin28) M1 Uses (a) OF at any stage
#=(1+sin26)
=r=(1+sin28) {r=0} Al 4 CSO; AG
(©@d) | r=0=sin26=-1
T 3n Ml

20 =sin'(-1); =—=, =
-1 D)




f=——;, — AlAlft 3 Al for either
4 4
.. 1 . 2 e,
(ii) | Area = 5_[(1+sm29} de Ml Use of EJ.r de
1 . B i
=§j(1+251ﬂ 26 +sin” 26) d6 Bl Correct expansion of (1+sin26)*
=lj[]+251n 26?+l (]—cos49}] de M1 Attempt to write sin’ 26 in terms of
2 2 cos 46
3y 1o Linas
BN _5‘052 _Et’m‘i Alft Correct integration ft wrong coefficients
only
= E.'5'-lc052.‘5‘-Lsimlﬁi !
4 2 16 =
_(9m) ( 3=m n Using ¢’s values from (c)(i) as limits or
16 16 the correct limits
3
=X Al 6 |cso
4
Total 14
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