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5.1) Polar coordinates and equations Chapter CONTENTS



Worked example Your turn

Convert from Cartesian to polar coordinates: Convert from Cartesian to polar coordinates:
(4,-3) (3,4)
(5,0.927)
(=5,12) (5,—12)
(13,—-1.176)

(2%)or(2-)




Worked example

Your turn

Convert from polar to Cartesian coordinates:

(=)

(3'_)

Convert from polar to Cartesian coordinates:

(105)
"3

(-5,5V3)

(—4,4V3)

(2,m)
(—2, O)



Worked example

Your turn

Find Cartesian equations for the following curves:

r=4
r =3 + cos40
r*=sin20, 0<6S§

Find Cartesian equations for the following curves:
r=>5

x?+y? =25

r =2+ cos 26

3
(x% +y%)2 = 3x2 + y?

r® =sin20, 0<0<

(x? +y?)? = 2xy

SN



Worked example

Your turn

Find Cartesian equations for the following curves:

r = 5sec

r = 3cosec 6

r =4cos0

r =2sinf

Find Cartesian equations for the following curves:
r = 3secH

x =3

r = 5cosec 0

y =5

r=2cos0

x2+y?=2xor(x—1)*+y%=1

r =4sin6

x?+y?=4yorx’+(y—2)"=4



Worked example Your turn

Find Cartesian equations for the following curves: | Find Cartesian equations for the following curves:

r = 8 cotl cosecl r =4tan0OsechO
2
x?=4yory =x:

r2 =1+ cot®6 r?2 =1+ tan?6

x2=1orx =+1




Worked example

Your turn

Find polar equations for the following curves:

y? = 2x

y\/§=x+8

Find polar equations for the following curves:
y? = 4x

r = 4 cotO cosec 6

x?2—y2=5
r? = 5sec26
y\/§=x+4

r = 2cosec (9 — %)



Worked example

Your turn

Find polar equations for the following curves:

y = 4x

Xy =

y=—\/§x+4

Find polar equations for the following curves:
y = 2x

tan@ = 2

xy =4
r2 = 8 cosec 20

y=—V3x+4

r = 2 cosec (9 +g)



Worked example

Your turn

Find polar equations for the following curves:

x2+y?—4x=0

(x+7y)?2=8

X—y=

Find polar equations for the following curves:
x2+y2—-2x=0

r =2cosf

(x+y)2=4
4
2=
T T I ¥sin20




5.2) Sketching curves Chapter CONTENTS



Worked example Your turn

Sketch the following curves: Sketch the following curve:
r=4 r=>5
r==6 r=a

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
0 = 31 0 — 37T
4 4
T 0=a
0 =—
4

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example

Your turn

Sketch the following curves:
r=20

Sketch the following curves:

/

/’\

r =20

Graphs used with permission from [

s

P

DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r = cosf r =2cosf
r =3cos6 r =acoséf

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r =sinf r=2sinf
r = 3sin6 r =asinf

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r = sec r=2secH
r = 3secH r =asech

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r = cosec6 r = 2 cosect
r = 3 cosecH r = acosecB

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example

Your turn

Sketch the following curves:

r=sec(9—%)

r = 3sec (9 +%)

Sketch the following curves:

r = 2sec (9 —E)

~N

3

B

™

r =asec(f —

Graphs used with permission from [

DESMOS: https://www.desmos.com/

~

k)


https://www.desmos.com/

Worked example

Your turn

Sketch the following curves:

9 T
4

)

r = COSGC(

0+-~)

r = 3cosec( 6

Sketch the following curves:

r = 2cosec(

/

0-=)

3

4

/

-5

r = a cosec(f —

Graphs used with permission from [

DESMOS: https://www.desmos.com/

k)



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r=1+cosf r=2(1+ cosf)

~
SR

r =3(1+ cosB) r=a(l+ cosf)

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r=1-—cosf r=2(1—cosf)

ik
o

r =3(1 —cosB) r=a(l—cosH)

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r=1+sin0 r=2(1+sinf)
r = 3(1 + sin6) r =a(1 + sin9)

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r=1-sin6 r=2(1-—-sinf)
r = 3(1 —sin6) r =a(l —sin®)

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r = 2sin 360 r = 3sin 560
r =5sin76 r = asinnf

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r = 2 cos 36 r = 3 cos 50
r =5cos76 r = acosnf

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r? =16 cos 26 r? =4 cos 20

O

r2 = 9cos 26 r? = a? cos 20

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r? = 16sin 26 r? = 4sin 26

=5

U

r2 = 9sin 20 r2 = a?sin 26

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r? =16cos6 r? =4cos6

D

r2 =9cos0 r2 = a?cosb

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch the following curves: Sketch the following curves:
r? =16sin6 r? =4sinf

A
_/

r2 =9sin6 r2 = a?sin 26

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch: Sketch:
r=6(3+ 3cosH) r=a(2+ 2cosf)

Sketches with intercepts and axes labelled. General shapes:

(@
O/

r =53+ 2cosH) r=a(5+ 2cosH)

r =4(3 + cosH) r=a(3+ 2cosHh)

(I
_/

\

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

Worked example Your turn

Sketch: Sketch:
r =6(3 + 3sinf) r=a(2+ 2sinf)

Sketches with intercepts and axes labelled. General shapes:

S

r =53+ 2sinf) r =a(5+ 2sin )

Boas
|/

r =4(3 +sinf) r =a(3 + 2sin0)

b

Graphs used with permission from DESMOS: https://www.desmos.com/

N



https://www.desmos.com/

Worked example Your turn

Show on an Argand diagram the locus of points Show on an Argand diagram the locus of points
given by the values of z satisfying |z + 4 + 3i| = 5 | given by the values of z satisfying |z — 3 — 4i| =5

Show that this locus of points can be represented | Show that this locus of points can be represented
by the polar curve r = —8 cosf — 6sin 6 by the polar curve r = 6 cos 6 + 8sinf

Shown




5.3) Area enclosed by a polar curve Chapter CONTENTS



Worked example

Your turn

Find the area enclosed by the cardioid with
equationr = a(1 + sin )

Find the area enclosed by the cardioid with
equationr = a(1 + cos 9)

3am
2




Worked example

Your turn

Find the area of one loop of the curve with polar
equation y = acos 36

Find the area of one loop of the curve with polar
equation y = asin 46



Worked example

Your turn

A curve has equationr =a + 3cosf, a>0
The area enclosed by the curve is %n.
Find the value of a.

A curve has equationr = a + 5sinf, a > 5
. 18
The area enclosed by the curve is 777r.

Find the value of a.
a=9



Worked example

Your turn

Find the exact value of the area of the finite
region contained within both curves
r=1+sinfandr = 3sinf

Find the exact value of the area of the finite
region contained within both two curves

r=2+cosfandr = 5cosf

431
— — V3
12 V3



Worked example

Your turn

The set of points, 4, is defined by:
T
A ={Z:ESarngn}n{z:|z+12—5i| <13
Find the area of the region defined by A

The set of points, 4, is defined by:
A={z:—%$argz$0}n{z:|z—4+3i| <5
Find the area of the region defined by A
35.1 (3 sf)



Worked example

Two curves are given by the polar equations

T
r =3 0S9<E

2T
r = 2.5 4+ sin 560 OSHS?

Find the area of the region enclosed between the
two curves wherer > 2 andr < 1.5 4+ sin 36

Your turn
Two curves are given by the polar equations
m
r = 2, 0<06< E
T
r = 1.5 + sin 36 OSHSE

Find the area of the region enclosed between the
two curves wherer > 2 andr < 1.5 + sin 36

13v/3 57
24 36




5.4) Tangents to polar curves Chapter CONTENTS



Worked example

Your turn

Find the coordinates of the points on
r = a(1 + sin ) where the tangents are parallel to
the initial line 8 = 0.

Find the coordinates of the points on
r = a(1 + cos 8) where the tangents are parallel
to the initial line 8 = 0.

(37(1 + g) and (0, )



Worked example Your turn

Find the coordinates of the points on Find the coordinates of the points on
r = a(1 + sin 8) where the tangents are r = a(1 + cos 6) where the tangents are
perpendicular to the initial line 8 = 0. perpendicular to the initial line 8 = 0.

(2a,0), (0,7) and ((2 2,

£%)

.[;




Worked example

Your turn

The curve C has polar equation

T
r=1+3cosf, OSHSE

At the point P on C, the tangent to C is parallel to
the initial line.

Given that O is the pole, find the exact length of
the line OP.

The curve C has polar equation
/i
r=1+2cos0, OSHSE

At the point P on C, the tangent to C is parallel to
the initial line.
Given that O is the pole, find the exact length of

the line OP.
3++v33
4



Worked example Your turn

Find the points on the spiral ¥ = 39,0 < 0 < m, Find the points on the spiral ¥ = e2%,0 < 0 < m,
where the tangents are: where the tangents are:
* Perpendicular to the initial line * Perpendicular to the initial line
(9.15,1.11)
* Perpendicular to the initial line * Perpendicular to the initial line

(212,2.68)




Worked example

Your turn

Find the equation and the points of contact of the
tangents to the curve

r=acos20,0< 6 SE

S

that are parallel to the initial line

Find the equation and the points of contact of the
tangents to the curve

r=asin26,0<6 SE

S

that are parallel to the initial line

(0,0); Tangent 8 = 0

(Zax/f

; ,0.955) ; Tangentr = 4—“3 cosec 6

3V3



Worked example

Your turn

Find the equation and the points of contact of the
tangents to the curve

([
r=acos260,0 <6 SE
that are perpendicular to the initial line.

Find the equation and the points of contact of the
tangents to the curve

/[
r=asin20,0<6 SE
that are perpendicular to the initial line.

(0,0) ; Tangent 8 = g

(Zax/f

. ,0.615) ; Tangentr = =% secH

3v/3



Worked example Your turn

The diagram shows the cardioid with polar e~ The diagram shows the cardioid with polar
equationr = 4(1 + sin 0) | 1 equationr = 2(1 + cos 9)

An area is enclosed by the curve and the /1 \ | Anareais enclosed by the curve and the
horizontal line segment which is tangent to ENEE SN SN vertical line segment which is tangent to the
the curve and parallel to the initial line. \ /| curve and perpendicular to the initial line.
Find the area. T~ 7 1 Find the area.

15v3

2
2 s

Graphs used with permission from DESMOS: https://www.desmos.com/



https://www.desmos.com/

