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CAIE AS Level Further Mathematics Polar Coordinates B h d Shafig ur Rehman
Q.1 Oct/Nov/P11+P13/2022

6 (n) Show that the curve with Cartesian equation

(:1 + y!)z = 36(x? - yl)
has polar equation r* = 36co0s 20, (3]
The curve C has polar equation r* = 360526, for —in <0 < 1n.

(b) Sketch C and state the maximum distance of a point on C from the pole. [3]
(c) Find the area of the region enclosed by C, ]
(d) Find the maximum distance of a point on C from the initial line, giving the ans exadl form.
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Q.2 ﬂnthuvalzfz_{_rlz

5 The curve C has polar equation r = asec?@, wherea isa positive constantand 0 < 6 < %n. l

(a) Sketch C, stating the polar coordinates of the point of intersection of € with the initial line and

| also with the half-line @ = 1 . (31
(b) Find the maximum distance of a point of C from the initial line, 2]
(¢) Find the area of the region enclosed by C, the initial line and the half-line 6 = %ﬁ. [4]
(d) Find, in the form y = f(x), the Cartesian equation of C. [3]
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By Muhammad Shafig ur Rehman

6  The curve C has polar equation r* = tan™ (%HJ, where 0 €6 <2,
(a) Sketch Cand state, in exact form, the greatest distance of a point on C from the pole [3]
(b) Find the exact value of the area of the region bounded by C and the half-line 8 = 2.

(5]
Now consider the part of C where 0 < 6 < 4.

(c) Show that, at the point furthest from the half-line 8 = %n.
(6% +4)tan™ (%E)sinﬁ—onsﬂ =0 0
and verify that this equation has a root between 0.6 and 0.7, < : ]
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By Muhammad Shafiq ur Rehman

6  The curve C has Cartesian equation x? +xy+y* =a, whereaisa positive constant.

G . 2_  2a
(a) Show that the polar equation of Cis r* = TFsin28" 3]
(b) Sketch the part of C for 0 € 6 < 1. [2]
The region R is enclosed by this part of C, the initial linc and the half-line 6 = %n:.
(c) Itis given that sin20 may be expressed as % Use this result to show that the of
an
1 J' * _ 1+tan’6 0
2"Jo 1+tan6+tan’0 0
and use the substitution ¢ = tan# to find the exact value of this arca, (8]
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Q.5 May/lune/P11+P12/2021

S The curve C has polar equation r = nmt{}n—ﬁ). where a is a positive constant and 0 € 0 < 11,

Itis given that the greatest distance of a point on € from the pole is 2v73,

(a) Sketch Cand show that a = 2. (3]

the region bounded by C, the initial line and the half-line

(b) Find the exact value of the arca of
0=in. ]
(c) Show that C has Cartesian equation 2(.r+ yﬁ) = (xﬁ - y}\i',\] + yi. 3
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5  The curve C has polar equation r = ﬂ—la -é, where 0 €0 < %n.

(a) 'Sketch C. [3]

(b) Show that the area of the region bounded by the half-line 6 = %n and Cis -J-;:Klu—z (6]
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6  The curve C has polar cquation r = 2cos8(1 +sin@), for 0 < 6 < 3.
(5]

(a) Find the polar coordinates of the point on C that is furthest from the pole.
[2]

(b) Sketch C.

(c) Find the arca of the region bounded by € and the initial line, giving your answer in exact form. (6]
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Q.8 Oct/Nov/P12/2021

5 The curve C has polar equation r = 342sinB, for-n<O0<€m.

(a) The disgram shows part of C. Sketch the rest of Con the diagram.

and /.
(€) TheregionRis m:lmcd@ contains the pole.

Find the area of R iving
-

wer in exacl form.

[

The straight linc { has polar equation rsin® =2.
(b) Add /10 the diagram in pag) (a) afifind 1 ar coordinales of the points of intersection of C

[5]

(6]
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7  Thecurve C, has polar equation r=6cos@, for 0 S@ < }n.
(a) Thepoint on C, furthest from the line 6 = 1 is denoted by P. Show that, at P,
20tanf-1=10

and verify that this equation has a root between 0.6 and 0.7. [5]

The curve C, has polar equation r= 8sin8, for 0 < 6 < 1m. The curves C, and C, intersect at t
pole, denoted by O, and at another point 0.

(b) Find the polar coordinates of Q, giving your answers in exact form. 0

(¢) Sketch C, and C, on the same diagram. o

(d) Find, in terms of 7, the arca of the region bounded by the arc 0Q d thg arc 0Q of C,. [7]
®
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" The curve € ; has polar equation r=20,for0<0< %x.

(i) The point on C, furthest from the line 8 = ix is denoted by P. Show that, at P,
20tan@ = |

and verify that this equation has a root between 0.6 ond 0.7. (51

The curve C, has polar equation P =08sec’8, lor0<B< *n The curves C, and C, interse 1
pole, denoted by O, and at another point Q.

(ii) Find the exact value of 8 at Q. 0 ]

(iii) The diagram below shows the curve C,. Skeich C; on this diagram. (2]
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8= %:r
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g 5 »~0=0
(iv) Fi form, the area of the region OPQ enclosed by C, and C,. [5]
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§  The curve C has polar equation r = In(1+n—0), for0 <6 s m.

(a) Sketch C and state the polar coordinates of the point of C furthest from the pole. [3]

(b) Using the substitution u = 1+ 1—@, or otherwise, show that the arca of the region enclosed by C
and the initial linc s

La+min(1+m)(In(1 +7) —2) + 7.

(¢) Show that, at the point of C furthest from the initial line,

(1+n—8)In(l+n—86)—1an8 =0
and verify that this equation has a root between 1.2 and 1.3. [5]
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Q.11 Oct/Nov/P11+P12+P13/2020

7 (a) Show that the curve with Cartesian equation

(@ +)A)3 = dxp(? —)Y)

[4]

has polar equation r = sin46.

The curve C has polar equation r = sin48, for 0 <6 < 1.

(b) Skeich C and state the equation of the line of symmetry.

(¢) Find the exact value of the arca of the region enclosed by C.

(d) Using the identity sin48 = 4sin®cos’@—4sin’#cos8, find the maximum distance
line 8 = 1. Give your answer correct to 2 decimal places. o [6]
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Q.10 May/lune/P13/2020

5 Thecurve C has polar equation r = atan®, where a is a positive constant and 0 < 8 < i

(a) Sketch Cand state the greatest distance of a point on C from the pole. 2]

(b) Find the exact value of the area of the region bounded by Cand the half-line 6 = im. (4]

|

(c) Show that C has Cartesian equation y =

d) U - Mg
(d) Using your answer to part (b), deduce th t value of .
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& 7 :
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2 The curve C has polar equation * = In(1 + 8), for 0 < 6 € 2x.

2
(i) Sketch C. [2]

C and the
(ii) Using the substitution 1 = | + 8, or otherwise, find the area of the region bounded by s

initial line, leaving your answer in an exact form.
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The curves C| and C, have polar equations, for 0 € 6 < %n. as follows:

C,:r=2(+e9),
C,ir= 8 — 20,
The curves intersect at the point P where 6 = a.

(i) Show that ¢®® —2¢% — | = 0. Hence find the exact value of @ and show that the value of r is
442,

(ii) Sketch C; and C, on the same diagram,

(iii) Find the area of the region enclosed by C,, C, and the initial line, giving rrect o
3 significant figures. [5]
£
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3 The curve C has polar equation r = cos 28, for —;‘l# €< %’r'

[2]
(i) Sketch C.
; ‘ [3]
(ii) Find the area of the region enclosed by C, showing full working.
[3]

(iii) Find a cartesian equation of C.

(') w5
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8  The curves C, and C, have polar equations, for 0 € @ € =, as follows:

Cpir=a,
C,: r = 2a|cos 8],

where a is a positive constant. The curves intersect at the points Py and P,.

() Find the polar coordinates of P, and P,. (2]
(ii) Inasingle diagram, sketch C,, C, and their line of symmelry. (3
(ili) The region R enclosed by C, and C, is bounded by the arcs OP,, P, P, and P,0, 3 IS]

pole. Find the area of R, giving your answer in cxacl form.
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l

The curve C has polar cquation

r=5y(cot 8),
where 0.01 € 8 < %rr.

(i) Find the area of the finite region bounded by C and the line 8 = 0.01, showing full working. Give
your answer correct (o | decimal place. [3]

Let P be the point on C where 6 = 0.01,

(i) Find the distance of P from the initial line, giving your answer correct to | decimaliace.” [2]

(iii) Find the maximum distance of C from the initial line. ‘ ] [3]

(iv) Sketch C. (2]
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Q.18 Oct/Nov/P12/2018 AT Rty R S -

3 Thee ‘
urve C has polar equation r = a cos 36, for -7 <0< g7, where a is a positive constant.
(i) Skeich C, [2]
if) Fi
(i) Find the areq of the region enclosed by C, showing full working. (3]
(iif) Using the identity cos 30 = 4 cos® 6 — 3 cos 6, find a cartesian equation of C.
F; 4
&
o
A
a
Lo
[
-2
i
-4
&
() Aven =
b ﬂt .3 E—ﬂ._
%" T
= Aa”
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20
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By Muhammad Shafig ur Rehman

11 The curve C has polar equation r = a(l +sin@) for-t<B<m, where a is a positive constant

(i) Skeich C.

(ii) Find the area of the region enclosed by C.

(iii) Show that the length of the arc of C from the pole to the point furthest from the pole is gi
in

(iv) Show that the substitution u = 1 + sin @ reduces this integral for s to (v2)a V(2 1)

evaluate 5.

s=(V2)a J(1 +sin8)de.
du. Hence

(2]

(4]

[4]
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The polar equation of a curve C is r = a(1 + cos 8) for 0 < 8 < 2x, where ais a positive constant.

(i) Sketch C. (2]
(i) Show that the cartesian equation of C is
24yt =alx+ (3 +y%). (2]
(iii) Find the area of the sector of C between 6 =0 and 6 = 13-#.
(iv) Find the arc length of C between the point where 8 = 0 and the point where Oggr- Bl
O

>
. K9
CJ\’
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