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Chapter 7

Sexagesimal system: (DMS)

It is a system of measurement of angles, in
which angles are measured in degree, minutes
and seconds. One complete rotation = 360°

1 degree is further divided into 60 minutes

1 minute is further divided into 60 seconds

1° = 60 minutes = 60’

1’ = 60 seconds = 60”

Therefore 1° = 3600 seconds = 3600”

% Radian=30° divide eq (1) by 6

Similarly 1 Radian = 180 =57.3°
T
And 1° =0.0175 Radians

Expl: convert 15° 30’ 23" to decimal form.

Sol: Since 1'= 1 and 1" = 1
60 3600

Therefore 15° 30’ 23" = (15 + 30 + ﬁj

60 3600
15° 30" 23" =[15+0.5+0.0694]°
15° 30" 23" =15.50694°

4 ,
Exp3: Convert 7” radians to degrees.

Sol: Since 7 Radian=180°
Therefore 4—” = ﬂ(180")
7 7

477T =102.85714°

47”:102o 51' 26"

Exp2: Convert 38.39° to D° M'S” form.
Sol: Since 1° =60" and 1' =60"
Therefore 38.39° =38° +0.39°

=38° 0.39x60’

=38° 23.4'

=38° 23+ 0.4
=38° 23’ 0.4x60"
=38° 23 24"

Exp4: Convert 31° 45" to radian
Sol: First convert into decimal

Using 1' = (i] &1" = (Lj
60 3600
31° 45' = (31+ Ej
60
31° 45' =31.75°

Now convert into radian ...1° = % Radians

As  31.75° :31.75(ij
180

31.75° =0.5541 Radians

Circular system (Radians)
Angular measurement cannot be conveniently
done in degrees. Angular measurement or
circular measurement is applied in differentiation
and integration of trigonometric ratios.
Radians: Radian is the ratio of the length
of an are to radius of the circle.

|

o=~ Iflengthofare I =r
r

o L [ =1 radian
r

Exercise 7.1

Relation b/w Radians and Degrees
If ris radius of circle then number of radians in
Circumference of circle

radius of circle
.. Circumference of circle =2xr

one complete rotation =

) 27y
One complete rotation = ——
r

One complete rotation =27

*. circumference of circle subtends = 360°
2 7 Radian=360°

Or 7 Radian=180° ................... (1)

% Radian=90° divide eq (1) by 2

% Radian=60° divide eq (1) by 3

Q1: Convert the following angles from D°M'S"
forms to decimal forms.

). 8°15'35"
Sol: Since 71’ :(ij and 1” :(LJO
60 3600
o ' " _ Qo EO 35 °
8°15'35"=8 +6O +—3600

8°15'35" = 8° + 0.25° + 0.00972°
8°15'35" = 8°15'35" = 8.25972°

ii). 39°48'55"
Sol: Since 71 =[ij and 1” =(Lj
60 3600
o4 mE _2q0, 48" 55 °
39°48'65" = 39 +60 +36OO

39°48'55" = 39° + 0.80° + 0.01527

39°48'55" = 39.81527
iii). 84°19'10"
1,,{ 1 j
3600

Sol: Since 1’ =(ij and
60
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EO + 10 o]
60 3600
84°19'10" = 84° +0.316 +0.0027

84°19'10" = 84.3194°

84°19'10" = 84° +

iv). 18°'21"
Sol: Since 7/ :[ijo and 1~ :[LJO
60 3600
. 6 o 21 o
1 ] 21" 1 o
8% 8+ 60 3600

18°6'21" = 18° +0.10° + 0.00583’
18°6'21" =18.10583"

ii). 5—7[ radians
3
Solution: since 1Radian = &

%leadlan = 5?” %

5?”Radicm =5x60° =300°

Q2: Convert the following angles from decimal

formto D°M'S"
i). 42.25°

Sol: Since 1° =60" and 1'=60"
42.25° = 42° +0.25°

42.25° =42° 0.25x60'
42.25° =42° 15"

iii). 5 radians

Solution: since 1Radian = &

gleadlan —%x%

%x 1Radian = 30°

ii). 57.325°

Sol: Since 1° =60" and 1' = 60"
57.325° =57° +0.325°
57.325° =57° 0.325x 60"
57.325° =57° 19.5'

57.325° =57° 19'+0.5'
57.325° =57° 19' 0.5x60"
57.325° =57° 19' 30"

.. -3z .
. —— rad
iv) 2 radians

Solution: since 1Radian = &

i x 1Radi n—% @

T

_3T”Radian 345

_?TﬂRadian =-135°

iii). 12.9956°

Sol: Since 1° =60" and 1'=60"
12.9956° =12° + 0.9956°
12.9956° =12° 0.9956 x60'
12.9956° =12° 59.736'
12.9956° =12° 59'+0.736'
12.9956° =12° 59' 0.736 x60"
12.9956° =12° 59' 44 16"
12.9956° =12° 59' 44"

Q4: Convert following angles in terms of radians
i). 45°
Solution: Since 1° = ;& Radian

45x1° = 45 x -~ _Radian

180
45° — %Radian

ii). 120°
Solution: Since 1° = ;& Radian

120x1° =120 x -~ Radi
X ><180 adian

120° = %”Radian

iv). 32.625°

Sol: Since 1° =60" and 1' = 60"
32.625° =32° +0.625°
32.625° =32° 0.625x60'
32.625° =32° 37.5'

32.625° =32° 37'+0.5'
32.625° =32° 37' 0.5x60"
32.625° =32° 37"' 30"

iii). -210°
Solution: Since 1° = ;& Radian

~210x1° = 210 x -~_Radi
X ><180 adaian

-210° = JT”Radian

Q3: Convert the following radian measures of
the angles into the measures of degrees.
i). 2 radian

Solution: since 1Radian = 180
T

2 < 1Radian = 2 x 189"

T

2Radian = 389" _114.5767°

7w

iv). 60°35'48"

Sol: First convert into degree form i.e., decimal form

35" 48 °
60 3600

60°35'48" = 60° + 0.583° +0.013
60°35'48" = 60.596

Now 1° = -2 Radian

60°35'48" = 60° +

60.596 x1° — 60.596 x %Radian
60.596 = 60.596 x % Radian

60.596 —1.058037 Radian

www.taleem360.com
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Length of an arc
Consider a circle
with centre O and
radius r, which
subtends an angle
0 radians at the

centre O. Let AB
is a minor

arc of circle whose length | as shown in figure.

length of anarc AB

By definition Radian =
Radius of circle

o=1
-

l=ro@

Since -1° = ~_Radians
180
Therefore 0 =60° = 60[i) Radians
180
6=060°= % Radians
Using l=re@ putting values
5= r(fj
3
5x3
=r
Vs
15

r=—=4.78cm
T

Exp5: Find the length of an arc of a circle of
radius 5cm which subtends an angle of 377[
radians at the centre.
Sol: Given r =5cm, and & :37” radian
Using l=r6
|- 5(3_”]
4

| = 1577[ =11.78cm

Exp6: Find the distance travelled by a cyclist
moving on a circle of radius 15m, if he makes
3.5 resolutions.
Sol:  radius = 15m
And 1 revolution = 27 radians

3.5 revolutions =3.5x27

O="Tr
Using l=ro6
| =15x7x

| =10572 m

putting values

Exp7: An arc of length 2.5cm of a circle
subtends an angle € at the centre O of
diameter 6¢cm. Find the value of 6
Sol: Length of arc | =2.5cm
diameter = 6cm
d=2r
6cm=2r

6cm
—=7
2
r=3cm
Using l=re@
25=30

25_
3

= ¢ =0.833 Radians

putting values

Area of Sector
Consider a Q
circle of radius
r with centre O.

PQ is an arc

with subtend P
an angle 6

radians at

centre

o =

By proportion
Area of sector POQ  Central angle of sector

Area of circle 2r
Area of sector POQ _ &
zr? 2
0 (
Area of sector POQ = ——(zr?)
27

Area of sector POQ = % r’e

Hence Area of sector of a circle with radius r,
whose central angle @ radians given by

A:lrze
2

Exp8: If length of an arc of circle is 5cm which

subtends an angle of measure 60° find the
radius of circle.

Sol: | =5cm, 6=60°
First convert the angle into radian measure

Exp9: Find the area of sector with central angle
60° in a circular region whose radius 5cm.

Sol: Given r =5cm, 8 =60°
First convert angle into radian

Since -1° ="_Radians
180
Therefore 0 =60° = 60[ij Radians
180
0 = 60° = Z Radians
3
Using A= % r’e Putting values
1, o«
A==(5)7|Z
67 (%)
A= 25?7[ =13.08 cm?

www.taleem360.com
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Exercise 7.2

Q1i): Find | when & :% radian, r = 2cm

Sol: Since | =r @ putting the values

55

| =1.047 cm

r=0.163264m
r =16.3265cm

Q1ii). Find | when 8=30°, r=6¢cm
Solution: & must be in radian so

30x1° =30x %Radian

30° = %Radian

V3 .
6 = ~-Radian
= A adia

Qgiii). Find r when 6 = 37” Radian, | =15 cm

Sol: Since | =r @ putting the values

15:r(3_”j
4

15x4 20
r= ===cm

3z T
r=6.365 cm

Q4: Find area of sector of a circle whose
radius is 4 m, with central angle 12 radian.

Solution: Given that r = 4m, 8 = 12Radian

Areaofsector = %r‘ze
1
Areaofsector = 5(4)2 (12)

1
Areaofsector = 5(16)(12)

Areaofsector = 8x12 = 96m?

Since |=ré
| = 6(zjcm
6
l=zcm
| =3.141592¢cm
Qiii). Find | when 6 = % radian, r = 6 cm

Sol: Since | =r @ putting the values

{5

| =47zcm
| =12.57cm

Q2i): Find @ when | =5cm, r=2cm
Sol: Since | =r @ putting the values
5=20
¢ = 2.5 Radian

Q5i): The arc of a circle subtends an angle of
30° at the centre. The radius of a circle is 5cm
Find the length of the arc

Sol: Given thatr =5cm 6 =30° = %Radian

Since | =r @ putting the values
| = S(EJ = 5—”cm
6 6

| =2.6183 cm

Q2ii): Find & when| =30cm,r=6cm
Sol: Since | =r @ putting the values
30=66
0 =5 Radian

Q2iii): Find & when | =6cm, r=2.87cm
Sol: Since | =r @ putting the values
6=2.876

0= i =2.091 Radian
2.87

Q5i): The arc of a circle subtends an angle of
30° at the centre. The radius of a circle is 5cm.
Area of a sector formed

Sol: Given thatr = 5cm 6 =30° = %Radian

Areaofsector = %r‘ze

1 2(
Areaofsector = 5(5) (EJ

1 T
Areaofsector = 5(25)(EJ

Areaofsector = %cm2 = 6.5458cm?

Q3i). Find r when & :% Radian, | = 2cm

Sol: Since | =r @ putting the values

(3

r= E =3.81922¢cm
T

Q3ii). Find rwhen #=3%=1 Radian,l=7 m

Sol: Since | =r @ putting the values
4 7

—=r—

7 2
L _4x2_ 8
7x7 49

Q6. An arc of a circle subtends an angle of 2
radian at the centre. If area of sector formed is
64cm?. Find the radius of circle

Sol: Given @=2Radian, A=64cm?

1

Using A= > r’o Putting values

1
64==r>(2
1r(2)

—=r?=64
=r=8

Q7. In a circle of radius 10m. Find the distance
travel by a point moving on this circle if the
point makes 3.5 revolutions.

Sol:  radius = 10m

www.taleem360.com
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And 1 revolution = 27 radians
3.5 revolutions =3.5x 27
O=Tr
Using l=re@
| = 10(77;)
| =707=219.94 m

putting values

o3

A= 36—” =6
6
A= 18.85cm?

Q8. What is the circular measure of an angle
between the hand of the watch 3 o’clock.
Sol: one complete rotation = 360°.

1 ,
3 O’clock shows = 1 of complete rotation

3 O’clock shows = %x 360°

3 O’clock shows =90°

Since s1°0 = . Radians
180
o T . T .
Therefore 90° =90x 180 Radians = 5 Radians

3 O’clock show @ =90° = % Radians

The General Angle ( Coterminal Angles)
Angles having same initial and terminal sides

are called coterminal angles. e.g. 8 =30°
Anticlock wise/Positive Clock wise/Negative

6=30°+360° =390° @=30"-360°=-330°

When angle in Radians measure e.g. 6 = z

3
Anticlock wise/Positive Clock wise/Negative
o="i2z=17 9T 5, 7
3 3 3 3

Q9. What is the length of arc APB?

A

Sol: from the figure r = 8cm
And 6 =90° = % Radians

Using l=re@

-3

| =4zcm
| =12.59cm

putting values

Exp10 Find coterminal angles of 60° And - 60°

Sol: Since 60° +360° = 420°

And 60° —360° =-300°

Thus 420° &—300° are coterminal angles of 60°
Now —60° +360° = 300°

And —60° —360° = —420°

Thus 300° & —420° are coterminal angles of —60°

Q10. Find area of sector OPR

P

) R
0 6 cm

Sol: From the figure r = 6cm and 6 =60°
First convert the angle into radian measure

Since -.1° = ~_Radians
180
Therefore 0 =60° = 60| —~— |Radians
180

0=60°= % Radians

Using A= % r’e Putting values

Quadrants: The Cartesian plane is divided
into four quadrants and the angel @ is said to
be in the quadrant.

Y
Quadrant-ll | Quadrant-|
x<0,y>0 x>0,y>0
x' X
Quadrant-lll | Quadrant-IV
x<0,y<0 | x>0,y<0
Yl

Quadrantal Angles

Quadrantal angles are those angles whose
terminal sides coinside with co-ordinate axes
i.e. x-axis or y-axis. The Quadrantal measure

of angles are 0°,90°,180°,270°,360° or

0, z, 7z,3—ﬂ,27r Randians
2 2

Exercise 7.3

Q1: Find coterminal angles of following angles.

i). 55°

Sol: Given angle 55°
Coterminal Angle
Anit-clock wise
55°+ 360° =415°

Coterminal Angle
Clock wise
55°-360°=-305°

ii). —45°

Sol: Given angle -45°
Coterminal Angle Coterminal Angle
Anit-clock wise Clock wise
-45°+ 360°=315° -45°-360°=-405°

T .
. — rad
iii) 5 radian

www.taleem360.com
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Sol: Given angle % radian

Coterminal Angle
Anit-clock wise

Coterminal Angle
Clock wise

Zion =13—”Radian Z _2rx= —Urx Radian

6 6 6 6

. =3z .
. — Rad
iv) 2 adian

Sol: Given angle _37” radian

Coterminal Angle Coterminal Angle

Anit-clock wise Clock wise
_*i” + 27 = %Radian =37 _ 27 = —1z

Radian

Q2: In which quadrant the following angles lie?

i). 87 radian
5

Solution: Since zradian =180°

8_7r: 8x180°
5 5
8?”28x36°
8rx

5 = 288° € 4™ Quadrant

ii). 75°
Solution: 75° < 90°
So 75°€ 1% Quadrant

ii). — 818°

Solution: First we find coterminal angle

-818° +720° =-98°

— 818° is lies in 3" quadrant because angle is
negative

.. —brx .
.— Rad
iv) 4 adian

Solution: Since zradian =180°

-5z -5x180°

4 4
D7 _ 5450
-5

=-225° € 2™ Quadrant

because angle is negative

v). 103°
Solution: 103° 2" Quadrant

Trigonometric Ratios of an acute angle;|

ABC is a right angled triangle in which ~C is
right angle. Ratio of any two sides of triangle is
called trigonometric ratio. There are following Six
possible ratios of the sides a, b and c.
abacch

Suppose that in AABC

msA=6 (theta).
length of side opposite to &
length of hypotenuse
is called sine @

Ratio =

_ length of side adjacent to &

Ratio
length of hypotenuse
is called cosine ¢
Ratio = length of side opposite to &

length of side adjacent to
is called tangento
length of hypotenuse
length of side opposite to &
is called cosecanté
Ratio = length (_)f hyp(_)tenuse
length of side adjacent to &
is called secanto@
Ratio = length of s_ide adjace_nt to @
length of side opposite to &

is called cotangenté
Reciprocal Relations between|
trigonometric Ratios:|

Ratio =

sing = cosf=——
coseed seed

tan6?:L coseed = ——
cot@ sin@

seed = L cotd = L
cosd@ tan @

Trigonometric Identities:|
Sin’x+Cos’x =1
See’x =1+Tan’x

Cosee’x =1+Cot’x
Hint for trigonometric functions:

SOH CAH
sing — Opposite oS0 — adjacent
hypotenuse hypotenuse
TOA
tan 8 Op!oosne
Adjacent

Or Hint for trigonometric functions:

Some People Have Curly Brown Hair

Sing perpendicular S0 Base
hypotenuse hypotenuse

Through Proper Brushing

ang - perpendicular
Base

Exp11i): Find sign of sin105°
Sol: sin105° here angle 105 Quadrant-I|
Hence sign of sin105° is positive

Exp11ii): Find sign of tan _ST”

Y4
Sol: tan——
6

here @ = tan _ST” =-150° € Quadrant-III

: -5
Hence sign of tan Tﬂ is positive

Exp21iii): Find sign of sec1030°
Sol: Given sec1030° coterminal angle of 1030°

www.taleem360.com
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1030° = 670° ~310° € Quadrant-1V

Hence sign of sec1030° is positive

Expl1liv): Find sign of cot 710°

Sol: Given cot 710° coterminal angle of 710°
710° =~ 310° € Quadrant-1V

Hence sign of cot 710° is Negative.

Exp12: If tand <0 and cosd >0 name the
quadrant in which @ lies.

Sol: Given tand<0 and coséd>0

0 lies II, VI and I|and VI quadrants
Therefore @ lies in Quadrant VI

Expl3: If tand =1, find other trigonometric
ratios, where @ lies in first quadrant

Sol: Here tan9=m :}:1
Base

1
Using Pythagoras Y
theorem
H?=B"+P? ’
H 2 — 12 +12 P=1
H?=2 X' B=1 X
S H -2 Y
Now using Hint for trigonometric ratios
Hint functions Reciprocal
SPH siné?:i cosecezﬂ
J2 1
CBH cosé?:i sece=£
2 1
1 1
TPB tan6’:1:1 cotezizl

Sol: Here tanezm:}zl
Base 1
Using Pythagoras Y
theorem
H?=B*+P° -
52 — 47 4 P2 )
25-16 = P? X' B2 X
Yl
=>P= \/5

= P =43 butin 4" Quadrant P =-3
Now using Hint for trigonometric ratios

Hint functions Reciprocal
SPH sing=— cosec«9:i
5 -3
CBH cosé?zi secé?:E
5 4
TPB tan9:_—3 cot6’=i
4 -3

Expl14: If tanélz%2 & 0 is in 2" Quadrant

Find the other trigonometric functions.

Sol: Here cosé = Base = 4
Hyp 5
Using Pythagoras Y
theorem
H?>=B*+P?
H2 = (—2)2 +3? m B %
H?=4+9 y'[H=5 P
= H =413
Now using Hint for trigonometric ratios
Hint functions Reciprocal
SPH sin¢9:i cosecé?:@
J13 3
CBH cosf=—2 sece=@
NE 2
-2 3
TPB tan0=? cotd=—

Trigonometric Ratios of 0°
In XY Plane, terminal side of OP coincide

with OX , therefore radius OP =r =1
Or x=1 & y=0

Y
P{1.0)
x O x
v
sinoc=Y=2_0
r 1
cosO":i_%:l
r 1
tanO°:X:9=O
x 1
o I 1 .
cosecQ® = — == =Undefined
y 0
secO":L:}:l
X 1
o X 1 .
cot0° = — == =undefined
y O

Expl5: If cos@:g & 0 is in 4" Quadrant

Find the other trigonometric functions.

Trigonometric Ratios of 90°
In XY Plane, terminal side of OP coincide

with OX , therefore radius OP =r =1
Or x=0, & y=1

™
P{0O.1)
x 'S) €
v
sin90° _lezl
r 1
c0590°:5:9:0
r 1
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an90° =Y = L _ Undefined In XY Plane, terminal side of OP coincide
X with OX , therefore radius OP =r =1
cosecao” =L =21 Or  x=1&y=0
y 1 e
sec90° =~ 1_ Undefined
x 0 P(1.0)
cotgoe =X =0 _g x © x
y 1 v
Trigonometric Ratios of 180° 0
In XY Plane, terminal side of OP coincide sin360° —% 1= 0
with OX , therefore radius OP =r =1 x 1
Or X=—1,&y=0 COS3600_F_5_=1
™
tan360° =Y =2 ¢
P(-1.0) x 1
x o x C0sec360° =+ = % =Undefined
y
v-
y 0 sec360°=£=1=1
sin180° =2 =—-=0 x 1
r 1 x 1 .
x -1 cot360° = — == = undefined
coslBO"———T:—l y 0
r
xercise 7.4
tan180° =Y = % o Exeng el
X - Q1: Find the sign of the following trigonometric
. ti d tell in which drant they lie?
cosecl80’ = © = % =Undefined ir)a.l Isoli 3?30 ‘o k" T
y Solution: since 98° € 2" Quadrant
sec180° =~ i =-1 And sin is positive in 2" Quadrant,
x -1 So Sin 98° is positive
o X -1 : ii). sin 160°
cot180 ; "o = Undefined Solution: since 160° € 2" Quadrant

Trigonometric Ratios of 270°
In XY Plane, terminal side of OP coincide

with OX , therefore radius OP =r =1
Or x=0, & y=-1

™
> L ] b
P({O_-1)
sin270°:lz_—1:—l
r 1
c0s270° =X =90
r 1
tan 270° = Y_ _—1 =Undefined
x 0
cosec270° = r_ 1 =-1
y -1
o I 1 .
sec270° = — = = =Undefined
Xx 0
cot270° =X =2
y -1

And sine is positive in 2" Quadrant,
So Sin 160° is positive

iii). tan 200°

Solution: since 200° € 3 Quadrant

And Tangent is positive in 3 Quadrant, so,
Tan 200° is positive

iv). Sec 120°

Solution: since 120° € 2" Quadrant
And Secant is negative in 2"¢ Quadrant,
S0, sec 120° is negative

V). cosec 198°

Solution: since 198° € 3 Quadrant
And cosecant is negative in 3 Quadrant,
S0, cosec 198° is negative

vi). sin 460°

Solution: coterminal angle of 460° is 100° € 2" Q
And Sine is positive in 2"¢ Quadrant,

S0, sin 460° is positive

Trigonometric Ratios of 360°

Q2i): Find trigonometric ratios of — 180°
Sol: In XY Plane, terminal side of OP

coincide with 07 , therefore radius @ =r=1
Or x=-1 & y=0

™

P{—1_0)
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sin (—180°): y_O0_ 0 Q2iii): Find trigonometric ratios of 722
r 1 L Sol: In XY Plane, terminal side of OP coincide
cos(-180° ) = X2 with OX , therefore radius OP =r =1
r 1
Or x=1 & y=0
tan(—1800)=¥=3=o
x -1 v
cosec(—180°):£:1:Undefined P(1.0)
y O
> o pre
sec(~180°) == = 1
x -1 .
o x -1 . v
cot(-180°) = = = — =Undefined _ y 0
y © sin720° =< ===0
Q2i): Find trigonometric ratios of — 180° rol
Solution: Reference angle of —180° is 0° cos720° = X =11
Sin(—180°):@=0 ; %)
o _ _ _
c°s(—180°):’24=%2:—1 tan 720 _;_I_O
sin(—180° r 1 .
tan(-1807) = % -5 -0 cosec720° = y =g ~Undefined
oy __ 1 _1__
cosec(-1807) = sin(-180°) O sec720° = I = 1' =1
oy__ 1t 1 __ x 1
sec(—180°) = cos(180%) 1~ 1 o < 1 . 9
o cot =—=—=unaerine
Cof(_1go°)=M:i:_o@ y 0

sin(7180°) 0]

Q2ii): Find trigonometric ratios of — 270°
Sol: In XY Plane, terminal side of OP

coincide with OX , therefore radius OP=r=1
Or x=0, & y=1

™
P(O_.1)
= L ] -

~-
sin(—270°)=%=%=1
cos(—27o°)=§= % —0
tan (—270°) = % = % = Undefined
cosec(—270°) :§= 11:L =1
sec(—270°) = % = % =Undefined
cot (~270°) :%: % -0

Q2iii): Find trigonometric ratios of 720°
Solution: Reference angle of 720° is 0°

Q2ii): Find trigonometric ratios of — 270°
Solution: Reference angle of —270° is 90°

sin(—270°) = g =§=1

Cos(-270°) = @ - g o)
sin(—270°) 1

ran(-270%) = (7o) "o~
o 1 1

cosec(—270 )=mzizl

sec(-270°)-——1t 1

cos (—270° )

o
cos(—270°) o
Cot(—270°) = ————< = =

sin(—270°) 1

sin(720°)=@=0
cos(720°)=g=§:1
Tan(720°)=%:0
o 1 1

cosec(720 )=m=6=oo

o\ 1 1
sec(720 )_W_I_l

.y cos(720°) 1
co'l'(720 ):WZO")ZBZOO
iv). 1470°

Solution: Reference angle of 1470° is 30°
Sin(1470°) =L =1
Cos(1470°) = £

2

+an(1470°) = sin(1470°) I
on| )_cos(1470°)_§_ﬁ
0 1 1 2

cosac(1470 ):WZEZTZZ
° _;:i:i
sec(1470 )_cos(1470°) NN
L, cos(1470°) & 3

Q3: If secd =2 where @ lies in 4" quadrant,
find the other values of trigonometric ratios.
Sol:4" Quadrant, sine -ve, cosine +ve

1 2

We have secéd =2 or )
cosd 1

www.taleem360.com



Exercise 7.4 116

Chapter 7
— coso = 1 - Base NS
2  Hpy tan60° —tan30° _ 1 3
Using Pythagoras Y 1+ tan 60° tan30° 1. \/5][ 1 J
theorem 1 3
H?=B*+P? 3_
22 _12 4 p2 B=1 tan60° —tan30° _ J§
2 X 0 X 1++an60° tan30° 1+1
4-1=P H=2\_ |° tan60° —tan30° _1( 2
—=P=43 Y 1+tan60° tan30° 2(./3
- tan60° —tan30° 1
=P= i\/§ but in4 . QuadranF P :.—\/g 1+ tan 60° +an 30° \/g
Now using Hint for trigonometric ratios 45
Hint functions  Reciprocal [ J—— _
_ _ 5 sin45° + tan45
SPH sind=—— cosecld =——= 2 2
2 _\/§ Sol: cos45° = 7,5"\450 = 7,1'0?1 45° =1
CBH cos6’:1 secé’:g J2
2 1 —
\/_ cos 45° _ 2
TPB tang =Y cotg=—1_ sin45° +tan45° 2
1 -3 2
J2
Q4:If sin@ =g and % <@ < 7 then find other cos 45° _Wh J2
trigonometric ratios. sin45° +tan45° 212 24422
Solution: ¢ lies in 2" Quadrant
sing 4 _ Perp cos 45° B J2
5 Hyp sin45° + tan45° JE(1+J§)
Using Pythagoras Y .
theorem ) cos45 _ 1
H2 = B? 4+ P2 P=4 H=5 sin45° +tan45° 142
52 — B2 + 42 iv). tan30° tan60° + tan 45°
X B 0 X
25-16=P? Sol:tan60° = ? tan30° = % tan45° =1
—P=49 Y A
_ tan30° tan60° + tan45° = | —— || X3 |41
= P =43 butin 4 Quadrant P =-3 NI
Now using Hint for_trigonometrip ratios +an30° tan60° + tan45° =1+1
Hint functlor;s Reaprocz;l +an30° tan60° + tan 45° — 2
SPH sin@=— (;osec@:Z V). cosZcosZ-—sinZsinz
CBH oS0 -3 sec = 5 Sol: we have %: 60° and — —30°
5 -3
-3 4 cosZcosZ —sinZ sm—= l — ﬁ —
TPB tanH:T cotd =— 3 6 3 2 2
rer r 3 3
Q5: Find the values of cosZcosZ —sinZsinZ=X2_X°_9
i) . 2sin45° cos 45° 3 6 36 4
: — : 5
Solution: Sincesin45° =2, Cos45° =2 -Q6-- in whch quadrant  lles:
- =2 =2 i). sind >0, tand >0
25in45° cos 45° — 2(%)(%) Sol: we havesind >0, tand >0
2 1Q,11Q 1Q, Q
2sin45° cos 45° = @ F:om.mon Portion = | Quadrant
2sin45° cos 45° — 2 g).lsm¢9h<0, o cotd >0 ro0
: s
25in45° cos 45" -1 ok we have sing <0, cord -0
: tan60° — tan30° Common Portion = Il Quadrant
1+ tan60° tan30° iii). sind >0, cosfd<0
- . 3 .1 Sol: we havesing >0, cosf <0

Common Portion = Il Quadrant
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iv). cosé >0, cosecd <0 And m£ACB =90°,m£CAB =6
Sol: Since cos 6 > 0, cosect <0 Now using Hint for trigonometric ratios
1Q, IVQ, nQ, IVQ Hint functions Reciprocal
Common Portion = IV Quadrant _ a c
v). tand <O, secd >0 SPH 3'”‘925 cosec@:g
Sol: we havetané <0, secd >0 b e
1Q, IVQ, 1Q, IVQ CBH cosfd =— secld =—
Common Portion = IV Quadrant ¢ b
vi). cos6 <O, tand <0 TPB tangzg Cotgzg
Sol: we have cos8 <0, tan6 <0 _ b a
10,1110 IQ, IVQ Using Pythagoras theorem

Common Portion = Il Quadrant

Q7i). Find X measure to two decimal places.
X

530 12

Sol: From figure Perpendicular= x, Hyp=12
Using SPH sin53° = —

= X =12sin53°
= X=9.58

Q7ii). Find X measure to two decimal places.

2190
73
Sol: From figure Perpendicular= x, Hyp=73
Using SPH sin21° = —

= X=73sin21°
= X=26.16

Base? + Perpendicular? = Hypotenuse?
b®+a’=c” ..coovviennn, (1)
Dividing eq (1) both sides by c?
b> a® «c?

_— =
c® ¢ ¢

2 2
(o) {5 -
c c

Putting trigonometric functions

(cos@)” +(sing)* =1
Or  cos’@+sinf=1
To calculate cos® 60means (cos60)’ (lj

2

Qviii). Find X measure to two decimal places.

b
=33

12
Sol: From figure Perpendicular= X, Base=12

Using TPB tan33° =—

= x=12tan33°
=Xx=7.79

Q8. Find unknown a from figure

=
cx
=
o~ TS0 wd <

Sol: From Perp = a Base = 750

Using TPB tan 24° = ——

= a =750tan 24°
= a=333.92

Prove that cos?@+sin?6=1

- [ -—
In AABC ,mAB=c,mBC =a,mCA=Db

Prove that 1+tan?9=sec? @

[ = 3
//I -
.- [T —
In AABC ,mAB=c,mBC =a,mCA=Db
And mZACB =90°, mZCAB =@

Now using Hint for trigonometric ratios

Hint functions Reciprocal
SPH sinQZ% cosecd _°
b C
CBH cosf =— secld =—
C b
TPB wng=2  coto="
b a

Using Pythagoras theorem
Base? + Perpendicular? = Hypotenuse?

b®+a’=c% ..cooveiennnn, (1)
Dividing eq (1) both sides by b®
b> a* «c?
A
a 2 c 2
1+ —| =| -
)
Putting trigonometric functions
1+(tan 49)2 =(s ec@)2
Or  1+tan®@=sec’d
To calculate tan® 60 means (tan 6oy’ {?]Z _3

Prove that cot®? 9+1=cosec?d
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[ = 4
zl -
- %3] -
In AABC ,mAB =c,mBC =a,mCA=Db
And mZACB =90°, m«£CAB =8

Now using Hint for trigonometric ratios

Hint functions Reciprocal
SPH sinH:E cosecd _L
c a
CBH c056’=9 secé’:E
C b
TPB wng=2  coto="
b a

Using Pythagoras theorem
Base? + Perpendicular? = Hypotenuse?

b?+a’=C" ooviriieeinnnn, (1)
Dividing eq (1) both sides by a?
b> a® ¢’

a? a’® a’

2 2
BERD
a a
Putting trigonometric functions
(cot)’ +1=(cosech)’

Or cot? @+1=cosec?d

2
To calculate cot? 30 means (cot60)2 {ﬁ] _3

Sol: since secezi, tanezﬂ
cosé cosé

Taking LHS sec® @ +tan” @

1 sin? @

= T, T T2

cos“ @ cos 0

_1+sin’0

cos® 6@
_1+sin%6
1-siné@

rsin?@+cos? @ =1

-+ c0s?@=1-sin’ 0

Exercise 7.5

Prove that the following trigopnometric identities
Q1 (sec2 0 —l)cos2 0 =sin*0

Sol: since tan® @ =sec? 6 -1

Take LHS (sec’ 0—1)cos’ @ =tan’ 6 cos’ @

H Y
(sec’ 0—1)cos’ 0= sze
cos” &

cos’ 0

(sec2 49—1)cos2 0 =sin® 6 = RHS
Hence Proved

Exp16: Show that (sin6’+c039)2 =1+2sin@dcos@
Sol: Given (sin 9+cosé?)2 =1+2sinfdcosd
Taking LHS =(sin ¢9+cosé’)2
=sin’ @ +cos” @+ 2sin #cos &
=1+2sindcosd rsin®@+cos’ @ =1
= RHS

Hence (sin 6+ cos@)” =1+ 2sin@cosd

Q2 tano +seco — 1+5NY
cosé
Sol: Take LHS tané +sec = sing 1
cos® cosd
T0n9+sec0=sm9+1=RH5
cost

Hence Proved

. 2 .
Q3: (cosﬁ—sm@) =1-2sinfcosb
Sol: |-H5(cos:6—sim9)2 =cos? 6 +sin® —2sinfcos o

(cos¢9—sin9)2 =1-2sinfcosd =RHS
Hence Proved

Expl7: Prove that sin@=+/1-cos’ @

Sol: Since sin*@+cos* 6 =1
sin®@=1-cos’

Taking square root on both sides

sin@ =+/1-cos’ @ Hence proved

Q4: cos® @ —sin 6 =2cos* -1

Sol: LHS cos? 8 —sin? 6?=c0529—(1—co.<:2 9)
cos’ 0 —sin’0 =cos*0—1+cos? 6

cos® 6 —sin®0 =cos? 0 +cos?6-1

cos®0—sin?0 =2cos’0—-1=RHS
Hence Proved

J1-sin®
Exp18: Prove that —9 =cotd
sin@
Sol: Since sin®?@+cos’> 6 =1
cos’@=1-sin*@

J1-sin?@

Q5: tan& +cot & =secHcosecd

Sol: LHS tang+ cotg = SN0, oS0
cosf sinéd
. 2 2
tang + cotg = SN0+ cos"0
cosdsing
Tan0+co1‘¢9=;.
cosdsing
1 1
tand +cotd = —
cosf sind

tané + cot @ = secHcosecd =RHS
Hence Proved

Taking LHS -
sin@
_ cosd
sind
=cotd=RHS
P2
Expl19: Prove that sec29+tan26:w
1-sin“ @

1-sin@ cosd
6: =
Q cosd@ 1+sin@
1-sind 1-sind 1+sin6d
cosé cos@ ‘1l+siné

Sol: LHS
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1-sing 1? —sin® @
cosd cosO(1+sing)

1-sin@ cos? @
cosd cosO(1+sing)

1-sind  cosé

cos® 1+sind
Hence Proved

= RHS

~ 2(1+cosx)
~sinx(1+cosx)
2

sinx
=2cosec x= RHS
Hence proved

Q7: sinoJ1+tan? 6 = tané
Sol: Take LHS sin&1+ tan? @ = sin9+/sec? 0
sindvJ1+tan® @ = sinfsecd

sindy1+tan® @ =siné.

cosd

sind\Jl+tan? @ = sino
cosd

sindy1+tan? @ = tand = RHS

Q8: cosf =+1-sin’0

Sol: Since sin?@+cos?@=1
cos’@=1-sin@

Taking square root on both sides

cos@ =+/1-sin*@ Hence proved

L1
l+cosa 1-cosa
1 1
+
l+cosa 1-cosa
_1(1—005a)+1(1+c05a)
~ (L+cosa)(1-cosar)

=2+2cot’

Q13. Prove

Sol: Taking LHS

_1-cosa+1+cosa
B 1-cos’ a
2

sin‘a
=2c0secC’a

= 2(1+ cot? a)

-+1+cot? & = cosec’a

=2+2cot’

I
cosec?d

Sol: LHS(l +cos 49)(1 —cos 49) =12 —cos? 6
(1 +cos H)(l ~cosd)=sin’ 0

1

(1+COSH)(1—C0$9) = M =RHS

Q9:(1+cos)(1-cos0) =

Hence Proved

Q10. Prove cos x—cos xsin® x = cos® x
Sol: To prove cosx—cosxsin® x = cos® X
Taking LHS cos x —cos xsin® x

= cos X — cos (1 cos’ X}

= COS X — COS X + C0S° X
=cos® x = RHS
Hence proved

Q14. Prove cos*b—sin‘b=1-2sin’b
Sol: Taking LHS cos*b—sin*b

:(coszb)2 —(sinzb)2

= (cos2 b —sin? b)(cos2 b +sin? b)

sin X +1+ COS X
1+ cosx sin X

Sol: Taking LHS Sin X +1+_COSX
1+ cos X sin X

~ sin? x+(1+cos x)2
~ sinx(1+cosx)

Q11: Prove = 2C0Secx

_ sin? x+1+cos® X+ 2¢0s X
sinx(1+cosx)

_ sin? x+cos” X +1+2cos X
~ sinx(l+cosx)

_ 1+1+2cosx
~sinx(1+cosx)

_ 2+2C0S X
sin x(1+cosx)

=cos’b-sin?b -+ cos?b+sinb =1

=1-sin’b-sin’b

=1-2sin’b

015: siny +cosy _cosy—siny _ secycosecy

siny cos y

Sol: Taking LHS sin y.+ cosy cosy-siny
siny cosy

_cosy(siny+cosy)-siny(cosy-siny)

cosysiny
_cosysiny+cos’ y—sinycosy+sin’y
cosysiny

_cos’ y+sin’y

~ cosysiny

1

cosysiny

=secy cosecy = RHS Hence proved

Q16. Prove (secx—tanx)’ = 1-sinx
1+sinx

Sol: LHS (secx—tan x)2

_( 1 _sinxj2

COSX COSX

~ (1—sinx)?

~ (cosx)?

_ (1-sinx)’
1—sin? x
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_ (1-sin x)2
(1-sinx)(1+sinx)
_ (1-sinx)

=-——2=RHS Hence proved
(1+sinx)

Q17. Prove that sin xtan X +C0S X = Sec X
Sol: Taking LHS sin xtan X+ cos x

. SIn X
=SIN X——+CO0S X
COS X

_sin? x+cos® x

~ cosX

1

" cosx

=secX = RHS Hence proved

Angle of elevation and Depression

Object A

Angle of
Elevation

Depression

Object B

Exp20: An aerial photographs farm house for a
company has determine from experience that
best photo is taken at a height of
approximately 475ft and a distance of 850ft
from the farmhouse. What is the angles of
depression from the plane to the house?

Sol: when parallel lines are cut by a
transversal, alternate interior angles are equal.
According to question

sin /B = E
850

/B=sin" (0.5588)
/B =33.97°
/B~ 34°

Exp22: A light house is 300m above the sea
level. Angles of depression of two boats from

the top of light house are 30° and 45°
respectively. If line joining the boats passes
through the foot of light house. Find the
distance between the boats when they are on
the same side of the light house.

Sol: according to Question

B
30
300 m
45 30
A c D
In AABC In AABD
tan45=@ tan30:@
AC AD
300 130
~AC J3 AD
AC =300 AD =300./3
Now using law for collinear point
AD =300+/3

AC +CD =300+/3
300+ CD =300+/3
CD =300+/3-300
CD= 300(J§—1)m

Exercise 7.6

Exp21: To measure cloud height at night, a
vertical beam of light is directed on a spot on
the source, the angle of elevation to the spot is
found to be 67.35°. Find the height of cloud.
Sol: according to Question

Let Base = 135 ft

Height=h ?

Angle =67.35°

Using TBH

h h

tan67.35° = —
135

= h=135xtan67.35 67.35°
= h=323.52 ft 1351t

Q1: A building that is 21 meters tall casts a
shadow 25 meters long. Find the angle of
elevation of the sun to the nearest degree.
Sol: According to Question

Using tan@ = 21
25

6 =tan"'(0.84)

6 =40.03°
Hence Angle of elevation of sun is 6 ~ 40°

Q2: A light house is 150m above the sea level.
Angle of depression of a boat form its top is
60° . Find the distance between the boat and
the lighthouse.

Solution: Height of light house = AB

Distance between the boat and light house = BC
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A In Triangle ABC In Triangle AED
60 tan60° = AB tan30° = 2_2
BC 1 DE
ﬁ _ 240m — = m
1 BC \/5 Na
/3 BC = 240m 240m 1 . p
C BC = 22~ = AE Tﬁ B
B 240
m
In AABC DE=—3—-80m
150 CD+DE =CE
tan 60 = — )
BC CD +80m =240m . CE=AB
ﬁ_@ CD =240m - 80m
1 BC ¢b =160m
\/- Height of minaret = CD = 160m
BC = @X_S Q5: A Police Helicopter is flying at 800
V3 B feet. A stolen car is sighted at an angle of
BC - 1503 m depression of 72°. Find the distance of the
3 stolen car, to the nearest foot, from a point
BC =50+/3m directly below the Helicopter.
Distance b/w the boat and light house = 50\/§m tan72 = @ He“mm;rz
Q3: Atree is 50m high. Find the angle of S&C
elevation of its top to a point, on the ground AC =
100m (50m) away from the foot of a tree. tan72
Solution: 800 800]| ft
AC=————
3.0779
AC =259.941t
AC ~ 260 ft A L2 Car
& m Q6: A light house is 300m above the sea level.
The angle of depression of two boats from the
100m 50m top of light house are 30° and 45°
Sin @ Cos 0 Tan 6 respectively. If the line of joining of the boats
S |P H |[C |B H |[T |P B passes through the foot of light house. Find the
? |Yes|No |? |Yes | No |? |Yes]|Yes distance between two boats when they are on
tang = ¢ tang = % the opposite side of light house.
adj adj
tang = 2 tang = 2
tand =7 tand =1
0 =tan™ (1) 0 =tan™ (1) =45°
6 = 26.56505° 0 . 4
Q4: From top of hill 240m high, measure of Solution: In Triangle AB'C  In Triangle ABC
angles of depression of top and bottom of tan 45 — AC AC
minaret are 30° and 60° respectively. Find ~ AB' tan30 =2
height of minaret. 1 300m 1  300m
Solution: ABCE is rectangle then AB' J3 AB
AE = BC and AB = CE = 240m AB'=300m AB = 30043 m
Height of minaret = CD Now distance between boats are
Tlr,_ A BB = BA + AB
"F BB' = 300y/3 m+300m
BB'=300(y3 +1)m
240m Q7: The angle of elevation of the top of a cliff is

30°. Walking 210 meter from the point towards
the cliff, the angle of elevation becomes 45° .

Find the height of the cliff
B Solution: Height of cliff = Opp = AB = h.
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A Q2: Convert 45°35'30" into decimal form.
Hyp . 1 ° 1 °
h Sol: Since I'=| — | and1"=| ——
60 3600
. 35° 30 °
- 45°35'30" = 45° + 22 4 >
° A o 60 3600
In T”ang'eAABBD 45°35'30" = 45° + 0.583 +0.0083"
tan45° = 2= , —o
AB BD 45°35'30" = 45.5916
~BD Q3: Convert 216.67° into D°M'S" form.
BD = AB Sol: Since 1° =60’ and 1' = 60"
In Triangle ABC 216.67° = 216° +0.67°
. AB : :
Tan30° =5~ 216.67° =216° 0.67 x 60"
% _ ﬁ 216.67° =216° 40.2'
+
AR 216.67° =216° 40'+0.2'
3 AB+DC ~AB=BD 216.67° = 216° 40" 0.2x 60"
1 _ % 216.67° = 216° 40' 12"
A
;{g 210 N - A;E Q4: Through how many radians does a minute
* "‘\7_ of a clock turn through
210m = ABV3 —AB i). in 45 minutes
210m:AB(J§—1) y
210m
AB =
V3-1 ™
Thus height of cliff = 210m *' 270 x
\/g_l YI
Exercise 7.7 1 = " Radian
Q1: Fill in the correct circle 180 -
i). If an object is above level of observation 270x1° =270 18—ORadian

then angle formed between the horizontal
line and observer's line of sight is called

270° = %”Radaan

@] Angle of depression O obtuse angle ii). in one hour.
(@) Angle of elevation O None
i) COtO =i
o siné@ 0 1 %
cosd cosd
cosd 1
O —_— O —_ o_ T .
sin@ sin@ "= 180 Radian
|||) 1+tan20= ........................................ 360 x1° :360XLRGdiOn
(@) sin? @ (@) cos’ @ . . 180
o) cosec?@ @) sec’ 360° =27 Radian
iv). If tan@=1 then siN@=....o........ when 0 Q5: Find coterminal angle of 190° and -250°.
lies in 3™ quadrant Solution: For 190°
les in quadran Coterminal Angle Coterminal Angle
o) 1 o) __1 Anit-clock wise Clock wise
2 2 190° + 360°=550° 190°-360°=-170°
-1 1 For - 250°
O ﬁ 0 ﬁ Coterminal Angle Coterminal Angle
Anit-clock wise Clock wise

iv). sin(—350°) lies in...............

o] 1¥" quadrant O
@) 3™ quadrant O

V) A5° = oo
0 z 0

3
0 z 0

4

2" quadrant
4™ quadrant

radian

NN BN

-250° + 360°=110° -250°-360°=-610°

Q6i): Find trigonometric ratio of 390°
Sol: Coterminal angle of 390° is 30° 1°' Q

sm(390°)=% cosec(390°)=%:2

Ne

2

sec(390°) _2

NG

Cos(390°) =
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sin(390°) ’ran(390°) -
cos(390°)

&=

mn(390°) =

NN

Cot(390°) = ? =\3

Q6ii): Find trigonometric ratio of - 240°

Sol: Coterminal angle of -240°0is 120° 2" Q
Reference angle of 120° is 60°
sin(—240°) = V3 cosec(—240°) = 2
2 3
cos(-240°) = -1 sec(—240°) = 2_5
2 -1
tan(-240° ) = V3 1
-1 cot(-240°)= N
tan(-240°) =3
Q7i) : Prove that |2=5"% _ ceco - tano
+sind
Solution: Take LHS
\/1—sin¢9 _ \/l—siné’ 1-sin@
1+sind VN1+sino\1-—sino
. 2
1-sino _ [(1—sino)
1+sing \ 12 —sin?@

fl—sine _ 1-sino
ll—sine 1-sin@
1+sin@

~ coséo
fl—siné?_ 1 sin@
1+sin® cos® coso
—l—s!ne = secOd —tan = RHS
1+siné
Hence proved
Q7i) : Prove that 2cosf@secd—tanfcotd =1

Solution; Take LHS

2cosfsecHd—tanbcotd =2cos

1 sin@ cos

cos @ N cos @ sin
2cosfsecHd—tanfcotd =2x1-1x1

2cos@secld—tanbcotd =2-1
2cosfsecHd—tanbcotd =1=RHS
Hence Proved

Q8:If secd =2 and @ does not lie in first
guadrant. Find remaining trigonometric ratios.
Solution: secant is positive in 1stand 4t Quadrants
So, take 4™ Quadrant, sine -ve, cosine +ve
We have secf =2

1
cosé

= adj
cosf =—
hyp

1
s@ =—
= CO 2

P?+B*=H?
P?+1*=2°
P?=4-1
P?=3
P=+/3
Take P=—\/§ SO
e

Sing = ——
' 2

5

Tang = 2
an 1

1
CosO ==
°sv=3

So there reciprocals

cosec=_—2 sec49=E co‘t6’=_—1
1 5

NeL

Q9. Refer to diagram shown. What is

height of building
agn
a0

1.6m g85m

Using tan 26.5:M
85

Height =85xtan 26.5

Height = 42.38

Total Height = Height of building + Height
of observer

Total Height = 1.6m +42.38

Total Height = 43.98m

Total Height = 44m

Q10. From a point on level ground 125 feet
from the base of a tower, the angle of
elevation is 57.20. Approximate the height
of tower to nearest foot.

Sol: Form Figure

tan57.2 =
125
h=125xtan57.2

h=193.96
h =194 ft

57.2
125ft
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