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TRIGONOMETRY & POLAR COORDINATES

Up until now points on an axes have always had coordinates of the form (x, y). These are called ‘rectangular’
coordinates. There is another way to label points using the distance of the point from the origin, and
an angle 6.

Answer these questions, before working through the chapter.

I used to think:

If a point P has polar coordinates P(r, 8) = P(3, 30°), what does this mean?

How are radians different from degrees?

Answer these questions, after working through the chapter.

But now I think:

If a point P has polar coordinates P(r, 8) = P(3, 30°), what does this mean?

How are radians different from degrees?
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Trigonometry & Polar Coordinates

y =sinf

Here’s a right angle triangle. @ is an angle within the triangle.

V

hypotenuse

<—9ayusoddo =

If the hypotenuse has a length of 1 unit, then the opposite side has length sind

puis

~

Basics
sing = opposite
hypotenuse
cing = opposite
1
..sinf = opposite

The same triangle (above), with hypotenuse 1 unit, can beldrawn into a circle with a radius 1 and centre at

the origin.

<puis

_______________________________________

Point P on the circle has coordinates P(x, y).

The y-coordinate at point P is sind since
the opposite side’s height is sind.

So point P has coordinates P(x, sin0).

y =sinfd
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Trigonometry & Polar Coordinates Basics J

When is sinf positive and negative?

As @ increases, point P will move around the circle.
0 is between 0° and 90° (1st Quadrant)

The y-coordinate is sinf and above the x-axis

.. sin@ is positive when 8 is between 0° and 90°

6 is between 90° and 180° (2nd Quadrant)

The y-coordinate is sinf and above the x-axis

.. sin@ is positive when 6 is between 90° and 180°

0 is between 180° and 270° (3rd Quadrant)

The y-coordinate is sind and below the x-axis

.. sin@ is negative when @ is between 180° and 270°

6 is between 270° and 360° (4th Quadrant)

The y-coordinate is sind and below the x-axis

.. sin@ is negative when @ is between 270° and 360°
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Trigonometry & Polar Coordinates Questions ( Basics J

1. Identify whether the values for sin@ will be positive or negative. Circle the correct answer:

() y (b y
A A
1 1
P(x,sin@) P(x,5inf)
o) i
= I
< () U l 0 .
‘_1 0 1 » ‘_1 0 1 »
-1 -1
v \ 4
sind is (above)/ betow the x-axis sind is (above) / betew the x-axis
sinf is (positive) / megative sinf is (positive) / regative
e 5 o %
A
1 1

\ g
0

) v
P(x,sinf) P(x,sin@)
-1 -1
v v
sind is above / (below) the x-axis sind is aboeve / (below) the x-axis
sinf is pesitive / (negative sinf is pesitive / (negative

2. Circle the correct answers:

© 19 = 70° then O is between() and 180°) / +86%and3602 and sind is/negative.

O £ = 110° then O is between 0 and 180° / 180° and 360° and sinf is positive/negative.
O 1f 9 = 300° then Ois between 0 and 180° / 180° and 360° and sinf is positive/negative.

© 1f 9 = 240° then 0 is between 0 and 180° / 180° and 360° and siné is positive/negative.
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Trigonometry & Polar Coordinates

X = cosf

Here’s a right angle triangle. € is an angle within the triangle.

Vi

—
<— adjacent ——>

hypotenuse

If the hypotenuse has a length of 1 unit, then the adjacent side has length cosf

cosf

Basics

cosf) — adjacent
hypotenuse

cosl) = adjalcent

..cosf = adjacent

The same triangle (above), with hypotenuse 1 unit, can be drawn into a circle with a radius\l and centre at

the origin.
y , .
4 : :
:
VY SR P(cc?se,siHH)
1 7 i
= |
C’D :
. 0 N s
«—e *—> X
-2 -1 0| «— cosf —> 1 2
e e . A
v

Point P on
the circle has
coordinates

P(x, y).

We already
know that the
y-coordinate of P
is sind.

The x-coordinate
at point P is cosd
since the adjacent
side's length is
cosé.

So point P has
coordinates
P(cos0, sinf).
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Trigonometry & Polar Coordinates Basics J

When is cosé@ positive and negative?

As @ increases, point P will move around the circle.

0 is between 0° and 90° (1st Quadrant)

The x-coordinate is cosf# and positive

.. cosf is positive when 0 is between 0° and 90°

6 is between 90° and 180° (2nd Quadrant)

The x-coordinate is cosfd and negative

.. cosf is negative when 0 is between 90° and 180°

0 is between 180° and 270° (3rd Quadrant)

The x-coordinate is cosf and negative

.. cosf is negative when 0 is between 180° and 270°

0 is between 270° and 360° (4th Quadrant)

The x-coordinate is cosd and positive

.. cosO is positive when 6 is between 270° and 360°
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Trigonometry & Polar Coordinates Questions ( Basics J

3. Identify whether the values for cosé@ will be positive or negative. Circle the correct answer:

o

A
|

—_

/»\H ,

o
=

\
=

A
|
[y

(b y

>
[

P(cos@, sinf)

cosf P(cos8, sinf)

-1 -1
1/ \
cosf is/negaia've cosd is positive/negative
e A (o) %

I
[usy
()
D
|
[asy

P(cos#, sinf) P SO

|
[

|
[

N\
|/
. =) .
NP,

<
<
<

cosd is positive/negative cosd is positive/negative

4. Circle the correct answers:

© If 6 = 65° then Ois between 905and 802/ T8O and2 702 / 2703 and=360° so cost i/negative.
0O If 6 = 250° then O is between 0 and 90°/ 90° and 180°/ 180° and 270° / 270° and 360° so cosé is positive/negative.
© If § = 135° then O is between 0 and 90°/ 90° and 180°/ 180° and 270° / 270° and 360° so cosé is positive/negative.

© If & = 290° then O is between 0 and 90°/ 90° and 180°/ 180° and 270° / 270° and 360° so cosf is positive/negative.

W 100% Trigonometry & Polar Coordinates @ -
Mathletics 100%  © 3P Learning SERIES TOPIC NUMBER



Trigonometry & Polar Coordinates Knowing More j

Coordinates using 0

P is the point at the end of the radius with x-coordinate x = cosf and y-coordinate y = siné.

So, P(x, y) = P(cosb, sind).

___________________

A

[

v

I

< E >
........................................ e
v
OA 9=45 OB 6=170°
x = cos45° = y=
A(x, y) = A(cos45°, sind5°) = A(0.707,0.707) B(x, y)

Op:
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Trigonometry & Polar Coordinates Knowing More J

Polar coordinates

So far we have been restricted to a circle with a radius of 1. What are the polar coordinates of a point if it lies on a
circle which has a radius of 2, 3 or 100? Look at the diagram below with hypotenuse r.

’
y = rsinf
0
Xx = rcosf

opposite  _ sind adjacent — cosd
hypotenuse hypotenuse
Y —sing X = cos6
r r
y =rsinf x = rcosd

The circle below has a radius of r and its centre at the origin. The same triangle is drawn on the axes below.

5 y :

'
................ .
'

v E

P is the point at the end of the radius. P(x, y) = P(rcos#, rsind). Both the x and y coordinates can be found using
and 6.

So instead of using normal rectangular coordinates P(x, y), in polar coordinates we write P(r, ).

ris the radius of the circle on which P lies or r is the distance between P and (0, 0).

0 is the angle between the line connecting the origin to P and the positive x-axis.
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Trigonometry & Polar Coordinates Questions [ Knowing More J

6. Complete the table for the following points rounded to 2 d.p. where appropriate:

“ > X
Point r 0 Polar coordinates (r, 6) X = rcosf y = rsinf (x, y) Coordinates
A 2 30° A2, 30%) 2c0s30° = v/3 | 2sin30° =1 A(V3,1)
B 4
C 110°
D 230°
E
F
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Trigonometry & Polar Coordinates

Knowing More

)

Changing positive rectangular coordinates (x, y) to polar coordinates (r, 8)

i In this section we’re only going to work with positive coordinates. Negative coordinates can get a little tricky,
: we’ll save them for later. If a point has positive coordinates then it is in the first quadrant.

y
1
x and y are
— positive
(x,y)
r
<
< o ]
) 0 X |
' |

Remember, for polar coordinates we just need to find  and 6. Use Pythagoras to find r:

From the diagram we also say that tanf) = Y If we make @ the subject then:

r:\/xz+y2

0 =tan’! (%)

7. Change the following rectangular coordinates (x, y) to polar coordinates (r, #) by completing the

table (to 2 d.p.):
(x, y) r=yx*+y? 0=tan" () (r. 0)
(3, 4) 2142=5 ! (3) = s3.13° (5.53.13°)
(5, 12) 524+ 127 =13
iz o (2)-
(1,V3)
(3v3,3)
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Trigonometry & Polar Coordinates

Knowing More

)

Changing coordinates by quadrant

Up until now we have only converted coordinates to polar form from the first quadrant, where x and y are

positive. In the other quadrants,  is calculated differently.

y
2nd 4

x<0
y=0
3rd
x<0
y<0

1st
x>0

A

2nd Quadrant (x < 0, y > 0)

r:\/xz+y2

6 can’t be found using a formula directly. First we must calculate reference angle o

As usual we need to find r and 6. r is found in the usual way:

a = tan’! (%)

a will be negative. We then find 6 by adding 180° to a.

0=a+ 180°

A
>/

3rd Quadrant (x < 0, y < 0)

As usual we need to find r and 6. r is found in the usual way:

6 can’t be found using a formula directly. First we must calculate reference angle «

a = tan’! (%)

a will be positive. We then find 6 by adding 180° to a.

6=a+ 180°

4th Quadrant (x > 0, y < 0)

As usual we need to find r and 6. r is found in the usual way:

6 can’t be found using a formula directly. First we must calculate reference angle «

a = tan’! (%)

a will be negative. We then find 6 by adding 360° to a.

0=a+ 360°

> X
a
v
r=qyx%+y? X
) ( 3 o .
x,y) v
r=yx*+y y

A
y
=

100% Trigonometry & Polar Coordinates
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Trigonometry & Polar Coordinates Questions [ Knowing More J

8. Use the rules for each quadrant to complete the following table (to 2 d.p.):

(x,y) Quadrant r=yx2+y? a=tan’! (l) 0 (r, 0)

X

(3, —4) dth  |r= /324 (4f =5 |[tan (‘3_4) — 53.13°| @+ 360° = 306.87° | (5.306.87°)

(-1,V3) 2nd r= (—1)2+(\/§)2 — |tan”! (@) = a+ 180° =

(=5, -12) 3rd

(—v2,+2)

(15, 8)

(7, =7)

(=9, —12)

(=v3,1)

Changing polar coordinates (r, 6) to rectangular coordinates (x, y)

i If we have a point in polar coordinates (7, ) then we need to find x and y. Use these formulas (we used them
i earlier too!)

<
=4

Quis.L

X = rcosf

9. Complete the table below to find the rectangular coordinates (to 2 d.p.):

(r, 0) X = rcos@ y = rsinf (x,y)

(v2, 45°) x =+v2cos45 =1 y=+v2sin45 =1 (1,1

(3, 60°) x = 3c0s60° =

(5, 130°) y = 5sin60° =

(4, 200°)

(6, 315°)

(7, 270°)
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Trigonometry & Polar Coordinates Using Our Knowledgej

Arc length covered by an angle

The diagram shows a circle with radius r whose centre is at the origin. How much of the circumference is

. covered by 180°?

It is easy to see that for any radius r, an angle of 180° will always cover half of the circle’s circumference.

Arc length =

1 1

2 2

=X circumference = =~ X 2ntr = nr

In general, the arc length covered by any angle @ is:

Arc length =

%) . _ b
360° X circumference = 360°

X 2mr

10. Use the circle and the above formula to complete the table below (ignore the last column for now):

0

0
360°

Arc length covered by 0

0 in Radians

30°

30°

360"

€1
12

60°

90°

120°

240°

270°

300°

360°

SERIES TOPIC NUMBER
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Trigonometry & Polar Coordinates Using Our Knowledgej

Radians

Radians are a different unit for measuring angles (instead of degrees).

Look at the circle on the previous page. Radians are defined as arc length covered by an angle divided by the
radius of the circle. Ok, that sounds complicated, but look at the example below to convert 180° to radians.

180° = Arc length coyered by 180 _ar_
radius r

So we find the important expression:
180° = 7 radi This would be written as 180 = mrad
— /tradians where ‘rad’ is the unit for radians

11. Complete the last column of the table on the previous page. Use the table to draw all the angles in radians

on the axes below:

__________
- Seo
- ~
- ~o
e ~
-
-,
-
.
.
’
.
.
’
’
.
’
4
’
’
’
’
7
!
’
1
1
1
1
1
1 N
) \
o \
1 30 ]
] 1
& M l [
< | » X
[}
1
]
1
\}
\
\
\
\
\
\
\
\
AY
AY
\
\
\
N
s
AN
N
~
N
~
~
~
Ss
~o .-
~o -
~~<_ 1 _-- -
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Trigonometry & Polar Coordinates Using Our Knowledgej

Converting between radians and degrees

Let’s develop a formula to convert degrees to radians based on the fact that 180°= 7 ‘radians’. To convert
i degrees to radians use the formula:

T
180°

f(radians) = f(degrees) X

12. Use this formula to convert the following angles from degrees to radians (leave answers as fractions):

O 60° O 90°

=60 x—L. =L rad
180 3

0 40° © 100°

0 225° 0315

13. To develop a formula to convert radians to degrees, make ° the subject of the formula above:

6 (degrees) =

14. Use this formula to convert the following angles from radians to degrees (1 decimal place):

2 T
T o
= 2m 180 _ 150"
3 T
St 3
0¥ 03

16 ‘ 100% Trigonometry & Polar Coordinates W
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Trigonometry & Polar Coordinates Using Our Knowledgej

Arc length
L is used to represent the length of an arc created with an angle 8 and radius r.  (in radians) is the ratio of
i the arc length covered by the angle and the radius. &
L
. In maths this means: 6 = % \j
If we solve for L then we find the formula for arc length: r
L=r0
15. @ Find the arc length L. O Find the perimeter of the following sector.
L
4
L=r0
=4 x% = 7cm
O Find L and Pin the following diagram. © Find the arc length of the entire circle below.

(Hint: Convert the angle to radians first)

Does this sound familiar?

17
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Trigonometry & Polar Coordinates Using Our Knowledgej

Area of a sector
A chord divides a circle into a minor segment and a major segment, and a sector into a triangle and
i minor segment.

minor segment minor segment

Triangle

Major Segment

U

An angle of @ in radians covers oy of the area of a circle. So, if @ is in radians, the area of the sector can be
i found using the formula:

g

Area of sector = % X (area of circle) = =X 71’ =

1.
o 770

1

In AOAB, we can use the area rule (area of AABC = 5

ab X sinC) to find its area:

Area of triangle = L26ing

2

To find the area of the minor segment, simply subtract the area of the triangle from the area of the sector:

Area of minor segment = area of sector — area of triangle z%ﬁ(ﬂ —sind)

16. Use the diagram on the left to answer the following questions:

© Identify the major and minor segments on the diagram

Find the area of the sector: —r = — X—=0mrcm
ind th fth ;26 56273T6 2

© Find the area of the triangle

6 cm
@) Find the area of the minor segment

g 100% Trigonometry & Polar Coordinates W
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Trigonometry & Polar Coordinates Questions ( Using Our Knowledgej

Let's see what you can do

17. Find the arc length of a sector subtending an angle of %n’ and a radius of 12cm.

18. A sector with a radius of 4cm has an area of 47 cm’. What is the angle inside the sector?

19. Find the overlapping area of the 2 circles below if x = % and y = ZT” (to 2 d.p.):

3

20. What is the perimeter of the overlapping area in the previous question?

19
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Trigonometry & Polar Coordinates Questions ( Using Our Knowledgej

21. Find the area of the region below if M is the centre of the circle and AB is the diameter:

o -t
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Trigonometry & Polar Coordinates Thinking More

Quandrants in radians

Exact ratios reminder (first quadrant)

sin30" = L sind5" = L sin60” = ﬁ sin90” = 1
2 2 2
V3 o 1 1 .
cos30" = > cos45” = 77 cos60” = 5 cos90" =0
tan30° = \/17 tan45 =1 tan60" = V3 tan90° = undefined
22. Use the exact ratios above to complete the table:
0 sind cosd tand
0
s 1
6 2
T
3 V3
1 1 1
/2 /2
e
2
St L
4 /2
37” undefined
23. Complete the radian values for the quadrants on the axes:
T rad (90°)
— ra
2 A
rad (180°) <« » 0rad (0°)
v

rad (270°)
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Trigonometry & Polar Coordinates

24. Complete the following tables:

© 1st Quandrant (between 0 and % )

T rad (90°
2ra( )

A
T_o )
2
o
nrad < v
(180°)

O 2nd Quandrant (between % and )

2

T rad (90°
2ra( )

A

‘I \\\

nrad < 0 g~ " \"
(1800) v

© 3rd Quandrant (between 7 and 37”)

I
— rad (90°)

» 0 rad (0°)

2
R
mrad < .'I -
(180°) T

37 ¥
> rad (270°)

» 0 rad (0°)

© 4th Quandrant (between 3 and 27)
2
3 rfd (90
mrad < . s
(180°)

3
> rad (270°)

» 0 rad (0°)

Thinking More

Rule in degrees

Rule in radians

sin(90° — @) = cosd

sin<§ - 0) = cosf

cos(90° — 8) = sind

tan(90° — 6) = cotd

Rule in degrees

Rule in radians

sin(180° — 0) = sinf

sin(z — @) = sind

cos(180° — 0) = —cosf

tan(180° — 0) = —tanf

Rule in degrees

Rule in radians

sin(180° + ) = —sinf

cos(180° + 0) = —cosf

cos(7 + 6) = —cosf

tan(180° + 8) = tand

Rule in degrees

Rule in radians

sin(360° — 8) = —sinf

cos(360° — 0) = cosd

tan(360° — ) = —tanf

22 ‘
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Trigonometry & Polar Coordinates Questions [

25. Use what you know about quadrants to complete the following table:

Thinking More J

Expression of 6

0 (radians)

Quadrant of ¢

Simplification Rule

sinl
6

1st

cos =
2

1st

3

sin 4

2nd

sin 3 _ sin<7rf%f> =sin &

4

tan LT

12

Cos Sl

4

27

tan
3

Cos 9—7T

10

o

10

. 197
sin 1

I
4

tan

4th

Ir tan(27r—£) = —tan

tan
4

in £
sin 10

87

cos
7

aGHESE

= COS<7Z' + %) = —CO0s

Ccos 8—7[

7

3rd

tan—lsn

8

4th

Sometimes radians are written in decimal form rather than fractions. For example 1t radians = 3.14159... radians.

26. Can you complete the table below?

0 as a fraction 0 as a decimal Quadrant
1.5707... 1st
1st

A‘g‘] .b‘“gf w‘g EISIE

100% Trigonometry & Polar Coordinates
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Trigonometry & Polar Coordinates Thinking More J

Polar coordinates in radians

Polar coordinates are treated in exactly the same way as with degrees. The values for 8 are in radians instead
of degrees.

27. Complete the table for the following points:

> x
Point r 0 Polar coordinates (r, 0) X = rcos@ y = rsinf (x, y) Coordinates
A
T 4 T T _

B 4 D <4, 2) 4cos 5 0 4sin 5 4 0, 4)

C

D

E T

24 ‘ 100% Trigonometry & Polar Coordinates W
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Trigonometry & Polar Coordinates

Converting coordinates by quadrant with radians (set your calculator to radian mode)

Thinking More J

These conversions work the same as degrees just with radian values. This means we substitute mt for 180° and 2mt
for 360°.

If we are given rectangular coordinates (x, y) we need to find r and 8, where @ is in radians. r is ALWAYS calculated
the same way, using Pythagoras:

r:w/xz+y2

Before we find 6, we need to calculate the reference angle A = tan™! (1> Then @ is calculated differently in
each quadrant. x

y
2nd 4 1st

x<0 | x=0
y=z0|y=20
3rd ath T X
x<0|[x=0
y<0"y<0

A

1st Quadrant 2nd Quadrant 3rd Quadrant 4th Quadrant

y y

y y
) (x,y)
A X ‘hw X A X
(x,y) (x,y)

AR
NDN)

x=>0 y=0 x<0 y=0 x <0 y<0 x=0 y<O0
r= 17 =yt =T r =17

LY (Y Ly Ly
0 = tan 1(;) A = tan 1(x) A = tan 1(;) A =tan 1(;)

A will be negative

0=A+nmn

A will be positive

06=A+nm

A will be negative

0=A+2m

100% Trigonometry & Polar Coordinates
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Trigonometry & Polar Coordinates Questions [ Thinking More J

28. Use the rules for each quadrant to complete the following table (to 2 d.p.):

(x,y) | Quadrant r=Jx2+y? A=tan' (3) 0 (radians) (r, 0)

(3.—4) | 4th =344 =5 |n!(5)=-003 | A+2m=536 | (5536
(V/3,7/6) st |, =/(/3P+(J6F = |tan <%> —

(=6,8) | 2nd

(=12, -9) 3rd

(—5,0) 2nd
0, 5) 4th
(-1, -V3) 3rd

(V2. V7)| 4t

Converting polar coordinates (r, ) to rectangular coordinates (x, y)

The process is EXACTLY the same as with degrees.

If we have a point in polar coordinates (r, ) then we need to find x and y.

=4

guis.L

X = rcosf

29. Complete the table below to find the rectangular coordinates (Set calculators to radian mode):

(r, 0) X = rcos@ y = rsinf (x,y)

(4, %) 4cos§ = 4(%) =2 4sin§ = 4<§> =2/3 (2,2/3)

(ﬁ,l) ﬁcos% = «/Esin% =

4

L)

4
7]

(.7)
(55)

26 ‘ 100% Trigonometry & Polar Coordinates W
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Trigonometry & Polar Coordinates

1. @© sinfis above the x-axis
sinf is positive

sind is below the x-axis
sinf is negative

Answers

0 sindis above the x-axis
sinf is positive

@ sinfis below the x-axis
sinf is negative

If @ = 70° then @ is between 0 and 180° and sinf is positive.
If @ = 110° then @ is between 0 and 180° and sinf is positive.

If @ = 300° then @ is between 180° and 360° and sinf is negative.
If @ = 240° then @ is between 180° and 360° and sind is negative.

cosfis positive

cosfis positive

© coslis negative

O costis negative

4. @ If 0 = 65° then fis between 0 and 90°so cosf is positive.
O 1f6=250°then @is between 180° and 270° so cosf is negative.
© 1f6 = 135°then @ is between 90° and 180° so cosd is negative.
© 1f6 = 290°then O is between 270° and 360° so cosd is positive.

5. @ A(0.707,0.707) (to3d.p.)

O C(-0.342,-0.940) (to3d.p.)

O B(-0.985,0.174) (to3d.p.)

© D(0.707,-0.707) (to3d.p.)

6.
Point | r 0 Polar (;c;o;;inates x = rcosf y = rsinf (x, y) Coordinates
)

A 2 30° A(2, 30°) 2c0s30° = 1.73 25in30° = 1 A(1.73,1)

B 4 85° B(4, 85°) 4cos85° = 0.35 45in85° = 3.98 B(0.35,3.98)

c 2 110° c(2, 110°) 2c08110° = —0.68 2sin110° = 1.88 C(—0.68,1.88)

D 4 230° D(4, 230°) 4c0s230° = —2.57 45in230° = -3.06 D(-2.57.-3.06)

E 3 300° E(3,300°) 3¢0s300° = 1.50 3s5in300° = —2.60 E(1.50,-2.60)

F 5 340° F(5,340°) 3c0s340° = 2.82 35in340° = —1.03 F(2.82,-1.03)
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7.
(x,) r=yx’+y 0=tan™' () (r.0)
(3, 4) V314 =5 tan‘l(%) =53.13° (5,53.13°)
(5, 12) /122 =13 tan—l(%) = 67.38° (5,67.38%)
(4v2,4V2) J@/27 +(4v2) =38 tan‘l(%) = tan'1 = 45° (5,45°)
(1,4/3) V12432 =2 tan‘%@) = 60° (5.60°)
(3v3.3) JG/3 Y +3 =6 tan*(%> - tan"(%) - 30° (5.30°)
8.
(x,y) Quadrant r=y/x2+y* 0 =tan~! (1) 0 (r,0)
(3, -4) 4t r=y3"+(-4y =5 tan_1<_T4> =-53.13° @ +360° = 306.87° | (5,306.87°)
(—1,43) 2nd r=y (1P + (/3P =2 tan’l(_i’f) - @ + 180° = 120° (2.120°)
(=5,-12) 3 J(=5P + (=127 =13 tan"(%) = 67.38° @ +180° = 247.38° (13,247.38°)
(—v2,42) | r= (V27 +(V2) =4 tan*(%) = 45° @+ 180" = 135° (4.1357)
(15,8) 1t r=y (157 +(8) =17 tan_l<%) =28.07° a = 28.07° (17,28.07°)
(7,-7) 4t r=J(IF + (=17 =7/2 tan_1<_77> =—45° @ +360° = 315° (742,315°)
(=9, -12) 3 r=J(=92 + (=127 =15 tan-l(%gz) = 53.13° @ +180° = 233.13° (15,233.13°)
(-/3,1) 2nd r=y(=/3P+(1F=2| tan" (_l—ﬁ) =-30° @+ 180° = 150° (2.150°)
28 ‘ 100% Trigonometry & Polar Coordinates Solutions W
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9.
(r,0) x=rcos@ y=rsin0 (x,y)
(v/2,45°) x=+v2cos45° =1 y =+2sin45" =1 1,1)
(3.60°) X = 3c0s60° = % =15 y = 3sin60° = 3(@) =2.60 (1.50,2.60)
(5,130°) x = 5co0s130° =-3.21 y = 5sin130° = 3.83 (-3.21,3.83)
(4,200°) x = 4c0s200° =-3.76 y =4sin200° =-1.37 (-3.76,-1.37)
(6,315°) x =6c0s315° = 6cos45° = % =424 y = 6sin315° =—-4.24 (4.24,-4.24)
(7,270°) x=7c08270°=7(0)=0 y =7sin270° = -7 (0,-7)
10. 0 % Arc length covered by 0 0 in Radians
60° =1 Lxom =2, Trer=t
90° 3960(;° =}T i—me:%r %r—r:%
240° %ég Z% %X 27fr=47”r ‘g—ﬁr+r—‘g—7r
360° 228 =1 %x 27r = 27 2rr+r =21
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Using Our Knowledge

Trigonometry & Polar Coordinates Answers J
A

11. 90° = %radians

60° = Lradians

120° = 2—7z-radians 3

3

30° = %radians

360° = 27 radians
240° = %radians b 300° = ST”radians
270° = 377Tradians
A 4
12. © %rad (b ) %rad () 29—7Trad
(d) 5?ﬁrad %T”rad (£ ) 74—7[rad

o 270°

30 ‘ 100% Trigonometry & Polar Coordinates Solutions W
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Trigonometry & Polar Coordinates Answers J

16. © //’/ ‘\\ \\\ 0 Area sector = 18.85cm? (2 d.p.)
I," \\\Mi\ﬁqr segment © Areatriangle = 9v3 cm? or 15.59cm? (2 d.p.)
," \\\ ‘\‘ @) Area minor segment = 3.26 cm? (2d.p.)
H b
! Major segment )
17. 107 cm
18. A = %rad
19. Area = 277 — <%)/§ cm?
20. Perimeter = 67 cm
21. Totalarea = 202.79 cm? (2d.p.)
Thinking More
22.
0 sinf cos6 tan@
0 0 1 0
T 1 V3 1
6 2 2 V3
T V3 1
3 2 2 /3
T 1 L 1
4 /2 /2
% 1 0 Undefined
st L L .
4 V2 J2
377{ —1 0 Undefined
W 100% Trigonometry & Polar Coordinates Solutions m ‘ 31
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Trigonometry & Polar Coordinates

Thinking More

23.

7rad(180°) <

E o
> rad(90°)

A

Answers J

\J
2

37 rad(270°)

» (rad(0°)

Rule in degrees

Rule in radians

Rule in degrees

Rule in radians

sin(90° — @) = cos

sin(% - H) = cosf

sin(180° — @) = +sin @

sin(zr — @) = sinf

cos(90° — ) = sind

cos(% - (9) = sind

cos(180° — ) = —cos O

cos(m — ) =—cosl

tan(90° — &) = cot

tan(% - 9) = cotf

tan(180° — @) = —tand

tan(z — 0)) = —tan 0

Rule in degrees

Rule in radians

Rule in degrees

Rule in radians

sin(180° + @) = —sin @

sin(7 + @) = —sin@

sin(360° — @) = —sind

sin(27 — @) = —sin @

cos(180° + ) = —cos 0

cos(m + ) =—cos @

cos(360° — ) = +cos

cos(2m — @) =+cos

tan(180° + #) = +tand

tan(z + 0) = +tand

tan(360° — f) = —tand

tan(27 — @) = —tan

32 ‘
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Trigonometry & Polar Coordinates Answers J

25 | Expression of 0 0 (radians) Quadrant of 0 Simplication Rule
T Vs st inZ
sin 6 6 1 sin 6
s A st T
COS 5 2 1 cos 2
.31 37 nd 03T _ i — 3T\ — gin L
sin 1 4 2 sin 1= sm<7r 1 )_ sin 4
117 117 nd 1z _ _ T\ — _tan %
tan B 1 2 tan 12 tan<7r 12) tan B
St St rd Sro_ T\ = _cos X
cosS 4 1 3 CcoS 4 cos(7r + A ) COS 4
2l 2 nd 2l — /S W T
tan 3 3 2 tan 3 tan(7r 3> tan 3
4 By nd 9 _ _ TN~ _cos
cos10 10 2 cos10 —cos(7r 1())— cos10
. 197 197 th 197 _ TN _in T
sm—10 10 4 sm—10 sm(27r 10 ) sin 10
I Ir th Ir _ ~ T\ = _tan %
tan 4 1 4 tan 1 tan<27f 4 ) tan 4
s T T st s T
sin 10 10 1 sin 10
87 87 rd 8 _ T\ — o K
cos 5 7 3 cos 7 = COS<7Z’ + 7) cos 7
157 157 th 157 _ _ T\ - _tan &
tan 2 3 4 tan 3 tan<27z 3 ) tan 3
26. @ as a fraction 0 as a decimal Quadrant
% 1.5707... 1
E st
3 0.5235... 1
43—” 4.1887... 3rd
3z 2.3561.. 2™
%f 5.4977.. 4th
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Trigonometry & Polar Coordinates Answers J
Thinking More

27. Point r 0 Polar ((Z:::)g;inates x=rcosf y=rsinf Cocft.‘xd,i:\} ;tes
A 5 % (5, %) 5 cos% = % 5 sin% = % <%, %)
B 4 % (4. %) 4cos% =0 4sin% =4 (0,4)
C 3 %T (3, 7%) 3cos% = —% 3sin7?7[ = —% <_¥’ _%>
D 5 74—” <5,74—7T> SCOS%:% 55in74—7[=—% (%,—%)
E 2 T (2,7) 2cosm =-2 2sinT =0 (=2,0)
28| (xy) | Quandrant r=yx*+y’ A= tan™' (%) 0 (r.0)
(3,-4) 4t r=y3"+(-4¢ =5 tan™! (—3—4) =-0.927... 27+ A =536 (5,5.36)
(3,76) & r=V(/37+(/6) =3 tan”(%) — tan"' V2 = 0.955.. A =096 (3,0.96)
(=6.8) 2n r=y(=67 + (=87 = 10 tan™! () = —0927.. T+A=221 | (10,221)
(~12,-9) 3 r= (=127 +(=9F = 15 tan™! (22 = 0927.. T+A=407 | (15,407)
(=5,0) - r=y(=5F+(0F =5 tan—l(_%> =0 T (5,7)
(0.5) — r=y/OF+(5 =5 tan™!(3) = undefined z (5.%)
(1~ 3| = JapeaY =2 ()= % Avr=E ()
(2.7 re (V2P (AT =3 tan"! <%> = -1.0799... A+27=520 | (3,520)
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29. (r,0) x=rcos@ y=rsinf (x,y)
(%) 4cosT = 4(%) =2 4sinZ = 4(@) =2/3 (2,243)
(@,%) ﬁcos%: 1 @sin%z 1 (1,1)
(3:%> 300s%=—% 3sin%=—% <—%’—%)
(2, UT”) 2COSIST7T = 1.8477... 2s1nl'5T7r =~ 0.7653.. (1.85,-0.77) (to2d.p.)
(1%) cos%: 0 sin%:l 0,1)
(3,7) 3cosw =-3 3sinT =0 (-3,0)
(5.3F) Scos 3L = 0 Ssin 3% = = (0,-5)
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