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HEIGHT AND DISTANCES

12.1 INTRODUCTION

In this chaplter, we shall be applying the trigonometric results to discuss problems
regarding heights and distances. We begin by defining some terms which will be used in this
chapter.

12.2 ANGLES OF ELEVATION AND DEPRESSION

Let O and P be two points such that the point P is at higher level. Let OA and PB be horizontal
lines through O and P respectively.

If an observer is at O and the point P is the object
under consideration, then the line OP is called the
line of sight of the point P and the angle AOP, between
the line of sight and the horizontal line OA, is known
as the angle of elevation of point P as seen from O.

If an observer is at P and the object under consider-
ation is at O, then the angle BPO is known as the
angle of depression of O as seen from P.

Obviously, the angle of elevation of a point P as
seen from a point O is equal to the angle of
depression of O as seen from P.

ANGLE OF ELEVATION

0 A
Fig. 12.1

EXAMPLE 1 A fower is 10043 metres high. Find the angle of elevation if its top from a point
100 metres away from its fool.

SOLUTION Let AB be the tower of height 100+/3 metres, ;
and let C be a point at a distance of 100 metres from the
foot of the tower.

Let 6 be the angle of elevation of the top of the tower from
point C. 1
Clearly, in ACAB the lengths of base AC and 100V3 m
perpendicular AB are known. So, we will use the |
trigonometric ratio containing base and perpendmlﬂa'r.

Such a ratio is tangent. Taking tangent of angle ZACB in .
A CAB, we have

C——=100m

AB A

4 Fig. 12.2
AC 12.1
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= tanl = —— = 3
100 v

= tan 0 = tan &0°

= 8 = 60°

Hence, the angle of elevation of the top of the tower froma point 100 metres away fromits foot
1s 60°.

EXAMPLE 2 The angle of elevation of the top of a tower from a point on the ground, which is 30 m
away from the foot of the tower is 30°. Find the height of the tower. [NCERT]
SOLUTION  Let AB be the tower of height i meters and Cbe a point on the ground such that
the angle of elevation of the top A of tower AB is of 30°.

In A ABC, wearegiven £C = 30° and Base BC = 30 m and we have to find perpendicular
AB. S0, we use that trigonometrical ratios which contains base and perpendicular. Clearly,
such ratiois tangent. So, we take tangent of ~C.

In A ABC, taking tangentof ZC, we have,

tan C = b i
BC
= tan 30° = L
BC i
a 30°
= b= S0 metres = 1043 metres =0 m—=48
V3 Fig. 12.3

Hence, the height of the tower is 10¥3 metres.

EXAMPLE 3 Akiters flying at a height of 60 m above the ground. The string attached to the kite is
temporarily tied to a point on the ground. The inclination of the string with the ground is 60°. Find
the length of the string assuming that there 1s no slack in the string. [NCERT]
SOLUTION Let A be the kite and CA be the string attached to the kite such that its
one end is tied to a point C on the ground. The inclination of the string CA with the ground
is 60°.

In A ABC, we are given that ZC = 60° and perpendicular AB = 60 m and we have to find
hypotenuse AC. So, we use the trigonometric ratio involving

perpendicular and hypotenuse. Clearly, suchratio is sine. So, we i
take sine of angle C.
In A ABC, wehave
: AB
sinC = E 60m
AB
s 0
= sin AC i
& . :
= 2 AC Fig. 12.4
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= AC=——=40

Hence, thelength of the string is 40./3 m

EXAMFLE 4 The st ring of a kite is 100 metres lonig and it makes an angle of 60° with the horizontal.
Find the height of the kite, assuming that there is no slack in the string.

SOLUTION Let OA be the horizontal ground, and let K be the position of the kite at a height
habove the ground. Then, AK =}

Itis given that OK = 100 metresand ~ AOK = 60° .

Thus, in A OAK, we have hypotenuse OK = 100 m and £ AOK = 60° and we wish to find
the perpendicular AK. So, we use the trigonometric ratio involving perpendicular and

hypotenuse. Clearly, sine is such a ratio. So, we take the sine of 2 AOK in AOAK. K
In AAOK, we have
‘ AK
sin60® = —
! h
= sin 60° = .
100
= I = 100 sin 60° B60°
J3 o A
= h= 1{}0? = 504/3 = 86.60 metres. i, 126

Hence, the height of the kite is 86.60 metres.

EXAMPLE 5 A circus artist is climbing from the ground along a rope stretched from the top of a
vertical pole and tied at the ground. The height of the pole is 12 m and the angle made by the rope with
ground level is 30°. Calculate the distance covered by the artist in climbing te the top of the pole.

SOLUTION Clearly, distance covered by the artist is equal to the length of the rope AC. Let

AB be the vertical pole of height 12 m. "
Itis given that ZACB = 30°.

Thus, inright-angled triangle ABC, we have
Perpendicular AB = 12 m, £ ACB = 30° and we
wish to find hypotenuse AC. i
AB
AC

?,096

sin 30° = 30°

1 12
~ 2 AC Fig. 12.6
= AC=24m
Hence, the distance covered by the circus artist is 24 m.
EXAMPLE 6 A circus artist is climbing a 20 m long rope, which is tightly stretched and tied from
the top of a vertical pole to the ground. F ind the height of the pole if the angle made by the rope with

the ground level is 30°. . :
SOLUTION Let AB be the vertical pole and CA be the 20 m long rope such that its one end is

tied from the top of the vertical pole AB and the other end Cis tied to a point C on the ground.
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Fig. 12.7
In AABC ,wehave
a0 - 28
AC
1 AB
:p. — I —
2.  AC
== AB=10m.

Hence, the height of the pole is 10 m.

EXAMPLE 7 A bridge across a river makes an angle of 45° with the river bank as shown in
Fig. 12.8. If the length of the bridge across the river is 150 m, what is the width of the river?

SOLUTION  Inright triangle ABC, we have

SiI\-iSc:E
AC
=i 1 _5C
J2 150
150
= Bc—ﬁ
= BC =75V2m

Fig. 12.8

Hence, the width of the river is 752 metres.

EXAMPLE 8 An observer 1.5 m tall is 28.5 m away from a tower. The angle of elevation of the to
of the tower from her eyes is 45°. What is the height of the tower? [NCERT]
SOLUTION Let AB be the tower of height I and CD be the observer of height 1.5 m at a

distance of 28.5 m from the tower AB.

A
In AAED, we have
a4
DE r
AE h
= 1=——
28.5
— % AE =285m
45°
h = AE + BE = AE+ DC D¢ E
15m — 85m =—
=(28.5+15)m=30m ]

Hence, the height of the tower is 30 m. Fig. 12.9
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ExA_l\.*lPl!..Es 9 b;‘?n el r:.;r:t rician has to repair an electric fault on a pole of height 4 m. He needs to reach
apount 1. "1’ ow the top ﬂ}_r the pole to undertake the repair work. What should be the length of the
ladder that he shqu!d use which when inclined at an angle of 60° to the horizontal would enable him
to reach the required position? [NCERT]

SOLUTION _ Let AC be the electric pole of height 4 m. Let Bbe a point 1.3 m below the top A of
the pole AC.

Then, BC = AC — AB = (4-1.3)m = 27m s
Let BD be the ladder inclined at an angle of 60° to the horizontal. 1+3 -
InABCD, we have 1
B
sin 60° = -Eg
BD
L B2 l
7 =85 [+ BC = 2.7 m] .
2 x2.7 5.4 5.4 x 3
= BD = m = —— =
3 B s . T
= BD = (18)\Bm = 23m D c
J Fig.12.10
93
Hence, the length of the ladder should be 5 m.

EXAMPLE 10 From a point on the ground 40 m away from the foot of a tower, the angle of elevation
of the top of the tower is 30°. The angle of elevation of the top of a water tank (on the top of the tower)
is 45°. Find the (i) height of the tower (ii) the depth of the tank. INCERT]

SOLUTION  Let BC be the tower of height /i metre and CD be the water tank of height h; metre.
Let A be a point on the ground at a distance of 40 m away from the foot B of the tower.

InA ABD, we have

i dSP = S
AB D
i ¥ h :ﬂhl L
= I+ =40m e () Y
InAABC, we have }
BC
tan 3)° = — b
= AB ,,
1 h 30°\45
- ﬁ - E A 40 m B
Fig.12.11
= h=£m=Mm:23.lm
J3
Substitu ting the value of hin (i), we have
231+ h =40
— hy = (40 —-231)m =169m

Hence, the height of the tower is t = 23.1 m and the depth of the tank is i, = 169 m.
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EXAMPLE 11 A person, standing on the bank of a river, observes that the angle subtended by a tree
on the oppostte bank is 60°. When he retreates 20 m from the bank, he finds the angle to be 30°. Find
the height of the tree and the breadth of the river.

SOLUTION  Let AB be the width of the river and BC be the tree which makes an angle of 60°
ata point A on the opposite bank. Let D be the position of the person after retreating 20 m
from the bank. Let AB = x metres and BC =l metres.

From right angled triangles ABC and DBC, we have

B o
tan 60° = C:md t:mSU”:& C
AB DB
I
= V3 = —Iamldi = .
X J3 x+20
4.
=5 h=x 3andh=1+"0 n
J3
o .
=5 X 3:1\1’:0 30° 60°
o
— D A B
Jx=x+20 SENST 7 ST -1 -
= x=10m

2 Fig.12.12

Putting x=10inh = J3x, we get .
h=10V3 =17.32m

Hence, height of the tree is 17.32 m and the breadth of the river is 10 m.

EXAMPLE 12 A free 12 m high, is broken by the wind in sucha way that its top touches the ground

and makes an angle 60° with the ground. At what height from the bottom the tree is broken by the

wind?
SOLUTION Let AB be the tree of height 12 metres. Suppose the tree is broken by the wind at

point C and the part CB assumes the position CO and meets the ground at O.

Let AC=x.Then, CO=CB=12-ux, Itis given that ZAOC = 60° B
In AOAC, we have
AC
in 60° = A€ P
sin OC 12 =2
= -ﬁ= el C
2 12-=x
= . 123-Yr=2x ,
12 -x x
= 1243 = x(2+3)
123 123 2-3
= - = x =12{3(2-3 60°
% Tt 2443 2-43 )
O A

= x = 2443 - 36 = 5.569 metres Fig.12.13
Hence, the tree is broken at a height of 5.569 metres from the ground.

EXAMPLE 13 A tree is broken by the wind. The top struck the ground at an angle of 30° and at a
distance of 30 metres from the root. Find the whole height of the tree .

SOLUTION Let AB be the tree broken at a point C such that the broken part CB takes the
position CO and strikes the ground at O. It is given that OA = 30 metres and

ZAOC = 30°
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Let AC=xand CB = y. Then, CO =y, B
InAOAC, we have
tan 30° = flg l
0A ¥
R T I
V3 30 c
30
= x=-"==10J3
J3 y
Againin A OAC, we have y
. 0A
cos 30° = E 10°
8] 30m A
5 N3 _ 30
2 y Fig.12.14
= y= «f_ = 203
Height of the tree = (x + y) metres

= (1043 + 20J3) metres
= 30+/3 metres = 30 x 1.732 metres = 51.96 metres.

EXAMPLE 14 At a point on level ground, the angle of elevation of a vertical tower is found to be
such that its tangent is 5/12. On walking 192 metres towards the tower, the tangent of the angle of
elevation is 3/4. Find the height of the tower.

SOLUTION Let AB be the tower and let the angle of elevation of itstop at Cbe a. Let Dbe a
point ata distance of 192 metres from C such that the angle of elevation of the top of the tower
at Dbe B. Let I be the height of the towerand AD =x.

Itis given that : 5 B
tana = — and tanf} = —
12 P 4
In A CAB, we have
tana = — |
AC
” L T e )
12 x+192 o B
In A DAB, we have ANy [,
AB
t i Fig.12.15
anf AD g
h
= t = —
anf =
=> 3 = L ... (i)
4 x

We have to find h. This means that we have to eliminate x from equations (i) and (ii). From
equation (ii), we have
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3.1:4?:::-:.;:&&

Substituting this value of x in equation (i), we get
5 h

12 192+ 4h3

= Stwh‘%’):lzn
= 5(576 + 4h) =36 h
= 2880 + 20h = 36h
= 16h = 2880

2
= h= 2680 =180

16
Hence, the height of the tower is 180 metres.

EXAMPLE 15 The shadow of a vertical tower on level ground increases by 10 metres, when the
altitude of the sun changes from angle of elevation 45° to 30°. Find the height of the tower, correct to
one place of decimal. (Take /3 = 1.73)

SOLUTION  Let AB be the tower and AC and AD be its shadows when the angles of elevation
of the sun are 45° and 30° respectively. Then, CD =10 metres. Let It be the height of the tower
and let AC = x metres.

In A CAB, we have
tan 450.= A8
AC
] B
= 1=—I
X
= x=h (i)
In A DAB, we have "
AB
T 30° 45°
1 I D c A
= ﬁ = % +10 —=10m= xm
Fig. 12.16
= x+10=+3 . (ii) ®
Substituting the value of x obtained from equation (i) and (ii), we get
h+10=+3h
— h(3-1)=10
10 10 B3+1 V3 +1
= h = = x =10| 2212 | = 508 4 1
B-1 B-1 B+l [z] W d)

=% h = 5(1.73 + 1) = 13.65 metres
Hence, the height of the tower is 13.65 metres.
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EXAMPLE 16  From the top of a hill, the aneles of depre ssion of tiwo consecutive kilometre stones due
cast are found to be 30° and 45°, Find the I;Efghrjzf ﬁm ;Hf. i

sOLUTION Let AB be the hill of height 1 km. Let C and D be two stones due east of the hill at

adistance (.}f 1 km from each other such that the angles of depression of Cand D be 45° and
30° respectively. Let AC=xkm.

In A CAB, we have
tan 45° = ﬂ
AC
h
= 1=— h=; i
~ =h=x (i)
In A DAB, we have
@R3P =2
AD D C A
1 h —=1km=— —xkm =—
—r —_—
V3 x+1 ) Fig. 12.17
= V3h=x+1 (i)
Substituting the value of x from equation (i) in equation (i), we get
J3h=h+1
= h(3-1)=1
5 e B J341
V3-1 (V3-1)(/3+1)
- poY3+1_27 a0
2 2

Hence, the height of the hill is 1.365 km.

EXAMPLE 17 Determine the height of a mountain if the elevation of its top at an unknown distance
from the base is 30° and at a distance 10 km further off from the mountain, along the same line, the
angle of elevation is 15°. (Use tan 15° =0.27)

SOLUTION Let AB be the mountain of height /i kilometres. Let C be a point at a distance of x
km. from the base of the mountain such that the angle of elevation of the top at Cis 30°. Let D
be a point at a distance of 10 km from C such that the angle of elevation at D is of 15°.

In ACAB, we have
AB
tan30° = —
AC 2
1 _h
= B x
= X = ﬁh --.{i) hh_n
In A DAB, we have .
it = A =g ¥
AD Y TSP, ST

xr+ 10
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= (0.27)(x +10) = h - (i)

Substituting x = /3 k obtained from equation (i) in equation (i), we get

027 (N3 h+10) = I

- 027 x10=h=-027xV3 I
= h(l1-0.27 x3) =27
=5 h{l-046)=27
2.7
- h=——=5
54

Hence, the height of the mountainis 5 km.

EXAMPLE 18 A person standing on the bank of a river observes that the angle of elevation of the top
of a tree standing on the opposite bank is 60°. When he moves 40 metres away from the bank, he finds
the angle of elevation to be 30°. Find the height of the tree and the width of the river.

SOLUTION  Let AB be the tree of height  metres standing on the bank of a river. Let Cbe the
position of man standing on the opposite bank of the river such that BC = x metres. Let D be
the new position of the man. Itis given that CD = 40 metres and the angles of elevation of the
top of the tree at C and D are 60° and 30° respectivelyi.e., ZACB = 60° and ZADB = 30°.

In A CBA, we have

tan 60° = ﬂ
BC
= tan 60° = — A
X
h
- V3==
X h
— X= L. (i)
*eE 3{)‘ ,
In A DBA, we have L
D - C B
s o
tan 30° = 48 "
BD Fig.12.19
i _ h
= J3 r+40
= V3h = x + 40 ...(1i)

Substituting x = :;3_3— obtained from equation (i) in equation (ii), we get

J_h_—+4ﬂ
3
h
Bh-—=4
= ! \}!5
3h-h
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Substituting /1 in equation (i), we get x = 203 — SBimeives

Hence, the height of the tree is 34.64 metres and width of the river is 20 metres.

EXAMPLE 19 Anaeroplane at an altitude of 1200 metres finds that two ships are sailing towards it
in the same direction. The angles of depression of the ships as observed from the aeroplane are 60° and
30° respectively. Find the distance between the two ships.

SOLUTION  Let the aeroplane be at B and let the two ships be at C and D such that their
angles of depression from B are 30° and 60° respectively.

We have, AB = 1200 metres. Let AC = xand CD = y.

In ACAB, we have
tan 00 AB i
12
= J5 =120 ]
T
= e 40043 %
V3
In A BAD, we have
A
tan 30° = ﬂ
AD
1 1200 ;
= — = Fig.12.20
3 x+y
=» x +y = 1200J3
= y=1200/3 - x
= y = 1200 /3 — 400 V3 = 800v3 = 800 x 1.732 = 1385.6

Hence, the distance between the two ships is 1385.6 metres.

EXAMPLE 20 The shadow of a flag-staff is three times as long as the shadow of the flag-staff when
the sun rays meet the ground at an angle of 60°. Find the angle between the sun rays and the ground
at the time of longer shadow. .

SOLUTION Let AB be the flag-staff and let x = AC be the length of its shadow when the sun

rays meet the ground at an angle of 60°. Let 0 be the angle between the sun rays and the
ground when the length of the shadow of the flag-staffis AD = 3x. Let Ji be the height of the

flag-staff.

B
In ACAB, we have
., AB
tan 60° = AC
h
= tan 60° = z
X
= ,5 = I_r- = h= JEI 0 60°
% D c A
In A DAB, we have 2x x
AB .
0=— Fig.12.21
RS AD
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h

- tan 0 = —
3x
'T;.
= tnnﬁ:l'];l [‘-'fl:ﬁx]
3
tmﬂlz}tﬂtm 0 =230
= any = —= anl = tan 30° = 0= 30°
J3

Thus, the angle between the sun rays and the ground is 30° at the time of longer shadow.
EXAMPLE 21 An aeroplane at an altitude of 200 metres observes the angles of depression of
opposite points on the two banks of a river to be 45° and 60°. Find the width of the river,
SOLUTION  Let P be the position of the aeroplane and let A and B be two points on the two
banks of a river such that the angles of depression at A and B are 60° and 45° respectively. Let
AM = x metres and BM = y metres. We have to find AB.

InA AMP, we have

P
tan 60° = EH-
AM
v
= J3 =200
X
= 200 =3 x 200m
200
=5 X =— (i 45° 60°
v,ré‘ (1)
B M A
In A BMP, we have y x
tandse = M Fig.12.22
BM
200
= S
y
= y =200 ... (i)

From equation (i) and (ii), we get
200 1
AB=x+y=—+200= 2{}0[-——+1J = 315.4 metres,
e 73
Hence, the width of the river is 315.4 metres.

EXAMPLE 22 Tuwo pillars of equal height and on either side of a road, which is 100 m wide. The
angles of elevation of the top of the pillars are 60° and 30° at a point on the road between the pillars.
Find the position of the point between the pillars and the height of each pillar.

[NCERT, CBSE 2005, 2013]
SOLUTION  Let ABand CD be two pillars, each of height /i metres. Let P be a point on the

road such that AP = x metres. Then, CP = (100 - x) metres. It is given that £ APB = 60°
and ZCPD = 30°.
In A PAB, we have

tan60° = —
AP
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12.13
= J3 = h 8 B
x
= = 3x )
In A PCD, we have h .
W, 2 1
w3 e o \_ A%
1 h A P c
= = ,
J3 100 - «x —tMea— —— (100-x)m -———
= h\'{g = 1{:'0 —X ...(ii) FEQA1223

Eliminating s between equation (i) and (ii), we get
3x=10-x=4x=100= x =25
Substituting x = 25 in equation (i), we get
h=25J3 =25x1.732 = 43.3
Thus, the required point is at a distance of 25 metres from the first pillar and 75 metres
from the second pillar. The height of the pillars is 43.3 metres.

EXAMPLE 23 As observed from the top of a light house, 100 m above sea level, the angle of
depression of a ship, sailing directly towards it, changes from 30° to 45° Determine the
distance travelled by the ship during the period of observation. [CBSE 2004, 2018]
SOLUTION Let A and B be the two positions of the ship. Let d be the distance travelled by the
ship during the period of observationi.e. AB = d metres.

Let the observer be at O, the top of the light house PO.
It is given that PO = 100 m and the angles of depression from O of A and B are 30° and 45°
respectively.

ZOAP = 30° and ZOBP = 45°

In A OPB, we have
tan 45° = QE
BP
= 1= }ﬂ 100 m
BP
= BP = 100 m

In A OPA, we have

AP Fig.12.24

y
|

[ BP = 100 m]

U U4l
R
+
8
I
=3
P

d=100(J/3-1)=10001732-1)=732m
Hence, the distance travelled by the ship from A to Bis 73.2 m.

- -_—“1 m.*_
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EXAMPLE 24 The angle of elevation of the top Q of a vertical tower PQ from a point X on the
ground is60° Atapomt Y, 40 m vertically above X, the angle of elevation is 45°. Find the height of
the tower PQ and the distance XQ.

SOLUTION InAYRQ, wehave

Q
tan 45° = —QE
R
= Al
YR xm
= YR = x
= XP = x [«YR=XP] y A% i
In A XPQ, we have
L
PX 60°
= 'J!_ = o -::4(} [ PX = .".'] X =
= Px = x+40 Fig.12.25
= x(V3-1)=40
- = 4{}
J3-1
40 J3 41

=20(+3+1) = 54.64

X = =
= V3-1 3+1
So, height of the tower PQ = x + 40 = 54.64 + 40 = 94.64 metres

In A XPQ, we have
sin60° = Li?/
XQ
V3 94.64
= L P s G
2 XQ
9464 x2
=% X0 =
R==5
= XQ= 94.64x2x 3 = 109.3 metres.

EXAMPLE 25  From awindow 15 metres high above the ground in a street, the angles of elevation
and depression of the top and the foot of another house on the opposite side of the street are 30° and 45°
respectively show that the height of the opposite house is 23.66 metres (Take /3 = 1.732)
CBSE 2006
SOLUTION  Let the window beat P ata height of 15 metres above the ground aLd CDbe thr_1
house on the opposite side of the street such that the angles of devation of the top D of house
IED asfsd-e;n from P is of 30° and the angle of depression of the foot C of house CD as seen from
is of 45°.
Let i metres be the height of the house CD.
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We have,
QD=CD-CQ=CD-AP = (h—15) metres.
In A PQC, we have

QC 15
tan 45° ==——=1=—"" -
p PO = PQ =15 metres.

In A PQD, we have

tan 30° = @
P
=5 —=l 5:>.:I"15=E-ﬁh-—]5=5ﬁ '
V3 15 V3 Fig.12.26
= h =15+ 5x 1.732 = 23.66 metres,

Hence, the height of the opposite house is 23.66 metres

EXAMPLE 26 From the top of a building 60 m high the angles of depression of the top and the
botton of a tower are observed to be 30° and 60°. Find the height of the tower. [CBSE 2005]
SOLUTION Let AB be the building and CD be the tower. Let CD =  metres. Let DE be

horizontal from D. It is given that the angles of depression of the top D and the bottom C
of the tower CD are 30° and 60° respectively.

- ZEDB = 30° and £ZACB = 60° B
Let AC = DE = x. 1
In A DEB, we have 60-h
BE . I
tan 30° = E o) 300 s " i
1 _60-h
= 53 X . .
= x =(60-h)/3 i) N
In A CAB, we have o
AB _ (] =
tan 60° = a S
Fig. 12.27
ok 5=
x
e ..(ii)
X =—
= 7 |
From equations (i) and (i), we have
60
{6{]‘ v JI) \.{:—3- = -J——q
— 3(60 - h) = 60
= 60— h =20
= h = 40

Thus, the height of the tower is 40 metres. |
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EXAMPLE 27 A man standing on the deck of a ship, which is 10 m above water level. He observes
the angle of elevation of the top of a hill as 60° and the angle of depression of the base of the hill as 30°,
Calculate the distance of the hill from the ship and the height of the hill.

[CBSE 2004, 2005, 2010)
SOLUTION - Suppose the man is stand ing on the deck of a ship at point A and let CD be the
hill. Itis given that the angle of depression of the base C of the hill CD observed from A is 30°
and the angle of elevation of the top D of the hill CD observed from A is 60°. Then,
ZEAD = 60°, ZBCA = 30°,

Also, AB=10m D
InAAED, we have
tan60® = 2§
EA
= 3 = . = I = 3x | h
X
In A ABC, we have
tan 30° = ﬁ
BC - El
= T (i) tom .. [10m
NE X 07| 4
Putting x = 10v3 in equation (i), we get B e c
I::Jixl[)ﬁ:?.(} Fig.12.28
= DE=30m

CD = CE + ED = 10 + 30 = 40 metres

Hence, the distance of the hill from the ship is 103 metres and the height of the hill is
40 metres.

EXAMPLE 28 Theangle of elevation of a et plane from a point A on the ground is 60°. A fter a flight
of 30 seconds, the angle of elevation changes to 30°. If the jet plane is flying at a constant height of

36003 m, find the speed of the jet plane. [CBSE 2008, 2014]
SOLUTION Let P and Q be the two pasitions of the plane and let A be the point of
observation. Let ABC be the horizontal line through A. It is given that angles of elevation
of the plane in two positions P and Q from a point A are 60° and 30° respectively.

£PAB = 60°, ZQAB = 30°. Tt is also given that PB = 36003 metres
In A ABP, we have

BP P Q
36003 S 1 1s00yam
- =I5
= AB = 3600 m "
In A ACQ, we have
G
tan30° = I% B -
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s vad- 3600/3
= Y a3 . LAC
- AC = 3600 x 3 = 10800 m

PQ = BC = AC - AB = 10800 - 3600 = 7200m
Thus, the plane travels 7200 m in 30 seconds.

7200 240

Hence, Speed of plane = “=— - 240 m /sec = : mxﬁﬂxﬁgz 864 km/hr

30

EXAMPLE 29 There isa small island in the middle of a 100 m wide river and a tall tree stands on the
island. P and Q are points directly opposite to each ofher on two banks and in line with the tree. If the

";’3 les of elevation of the top of the tree from P and Q are respectively 30° and 45°, find the height of
the tree. ’

SOLUTION  Let OA be the tree of height /i metre.
In triangle POA and QOA, we have

A
OA OA
t 30:!:__ i neiriing
an Dpandtan45 )
¥ ol h f
= Jg DP DQ anv 450
= OP =3handOQ = I P N Q
= OP +0Q = 3h+h Fio. 12.30
= PQ=H3+1Dh
= 100=(V3+1)h [+ PQ =100m] .
=g po 100 100631 073 - 1)m = 366m
-Jﬁ+1

Hence, the height of the tree is 36.6 m.

EXAMPLE 30 The horizontal distance between two towers is 140 m. The angle of elevation of the top
of the first tower when seen from the top of the second tower is 30°. If the height of the second tower is
60 m, find the height of the first tower.

SOLUTION Let AB and CD be two towers of height i metres and 60 metres respectively such
that the distance AC between them is 140 m. The angle of elevation of top B of tower AB as

seen from D (top of tower CD) is 30°.

In A DEB, we have 2
BE
tan30° = —
an =
1 BE
—_ = — .+ DE = AC = 140m
= B 140 s ! E
~ Bp-M0 _ 140 o _808m

1732
AB = AE + BE = CD + BE = 60 + 80.83m = 140.83m
Hence, the height of the second tower is 140.83 m.

Fig. 12.31
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EXAMPLE 31 Anacroplane when flying at a height of 4000 m from the ground passes vertically
above another acroplane atan instant when the angles of the elevation of the two planes from the same
pount on the grownd are 60° and 45° respectively. Find the vertical distance between the aeroplanes at
that instant. |[CBSE 2008, 2009, 2016]
SOLUTION - Let Pand Q be the positions of two aeroplanes when Q is vertically below P and
OP =4000 m. Let the angles of elevation of P and Q ata point A on the ground be 60° and 45°
respectively.

In triangles AOP and AOQ, we have Y
tan6(0° = oF and tan 45° = o
O/
> B0 Q
0A OA 4000 m
s oA =2 d00 = 04
V3
60°
= 0Q = ﬂm S
V3 A (o]
" Vertical distance PQ between the aeroplanes is given by Fig.12.32
PQ =0P-0Q
4000 (3-1)
= PQ = L&D{}D - —-—] = 4000——=——m = 1690.53m
& 7 73

EXAMPLE 32 A vertical tower stands on a horizontal plane and is surmounted by a vertical
flag-staff of height h. At a point on the plane, the angles of elevation of the botton: and the top of the

; T
flag-staff are aand Brespectively. Prove that the height of the tower is A

tanf — tana

[NCERT EXEMPLAR]
SOLUTION Let AB be the tower and BC be the flag-staff. Let O be a point on the plane
containing the foot of the tower such that the angles of elevation of the bottom B and top

C of the flag-staff at O are a and B respectively. Let OA = x metres, AB = y metres and
BC =hmetres.

In AOAB, we have c
tanao = ﬂ
0OA ]
= tana = E
X B
y .
X = (1)
= tan ot ( Y
= x = ycota 5 ]
1
In A OAC, we have ) T &

_yth Fig. 12.33
X
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_y+h
= X = tanB
= x = (y + h)cotp ...(i1)
On equating the values of x given in equations (i) and (ii), we get
= ycota = (y + h)cotp
= (v cota — y cotP) = hcot
= Y (cot o — cot B) = i cot B
h
__ hcotp EE htana '
=5 ~cota-cotp 1 _ 1 tanp-tana
tana  tanf
htana

Hence, . oy oo SRR
ence, the height of the tower is anp - tano

EXAMPLE 33 The angles of elevation of the top of a tower from two points at distances a and b
metres from the base and in the same straight line with it are complementary. Prove that the height of
the tower is <Jab metres. [NCERT EXEMPLAR, CBSE 2002 C, 2004]
SOLUTION Let AB be the tower. Let C and D be two points at distances a and b respectively
from the base of the tower. Then, AC=aand AD =b. Let ZACB = 8 and ZADB = 90° - 6. Let
I be the height of the tower AB.

In A CAB, we have B
tan B = ﬁ
AC
= eng =" (i) *
* h
In A DAB, we have
AB
tan (90° -0) = —
; AD 0 90 - 0°
-~ cotf = - (i) c N
From(i) and (ii), we have e
2 Fig. 12.34
tan O x cotf = -h— 9
ab
2
- 1=h—b=':rhz=nb=:;h=ﬁmetres.
a

Hence, the height of the tower is Jab metres

EXAMPLE 34 Two stations due south of a leaning tower which leans towards the north are at

distances a and b from its foot. If a, B be the elevations of the * - of
stations, prove that its inclination @ to the horizontal is 3:’:;;,{:: v _f. te tower from these

beota - acotf

cotB =

a and b respectively from the foot A of the tower,
Let AE=xand BE=h
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In A AEB, we have
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B

tan 0 = —BE
A
h
— tand = —
X
— x=hcot® (1)
In A CEB, we have
BE
lanoa = —
CE
= tana =
a+x
=5 a+x=hcota
= x=hcota—a
In A DEB, we have
BE
tanf = —
b DE
. o h
b+x
= b+x=hcotp
= x=hcotB-b

On equating the values of x obtained from equations (i) and (ii), we have
hcot = hecota—a

— h(cota — cotB) = a

= i1

— [ S —
cota —cot B

On equating the values of x obtained from equations (i) and (iii), we get
hhcotB =hcotp-b

= h(cotp—cot0) =b
b

= = —

cotp—cotB
Equating the values of h from equations (iv) and (v), we get

a b b
cota—cot® cotP—coth

= a (cot B — acot 8) = b(cot a — cot 6)
o) (b —a) cot ® = beot @ — acot p
- ot = beota — acot B

b-a

Fig. 12.35

- (1)

.o (V)

V)
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EXAMPLE 35 Iftheangle of elevatio ' .
of depression of its reflectio 1ofacloud from a point hmetres above  lake is acand the angle

nin the lakeis f, prove that the height of the cloud is
h(tanp + tana)

tanf — tana [NCERT EXEMPLARY
SOLUTION  Let AB be the surface of the lake and let P be a point of observation such that
AP=h ff‘EthS- Let Cbe the position of the cloud and C" be its reflection in the lake. Then,
CB = C' B. Let PM be perpendicular from P on CB. Then, ZCPM = « and ZMPC’ = p.
LetCM = x. Then, CB=CM + MB=CM+ PA = x +h.

In A CPM, we have
tana = —

P
= tano = —— > PM = AB

AB [ PM = AB]
= AB = xcota (1)
In A PMC’, we have

PM

x+2h
= tanf = AB [-CM=CB+BM=x+h+h]
= AB = (x + 2h) cotp (i)

From (i) and (ii), we have

xcota = (x + 2h)cotp
[On equating the values of AB]

— x(cota — cotP) = 2 hcotf
i S ] _ 2
. tana tanp) tanp
tanp - tana } 2h
— x =
tanatanf tan 8
2htana
= = .
e —r Fig. 12.36
Hence, the height CB of the cloud is given by
CB=x+h
= CB = 2htana il
tanf} — tana

2k tana + htanp - htana _ h (tana + tan )
- tanf} — tana tanp — tana
EXAMPLE 36 Theangle of elevation of a cloud from a point 60 m above a lake is 30° and the angle

of depression of the reflection of cloud in the lake is 60°. Find the height of the cloud.
[CBSE 2010, 2017]

—_

o RIS U BE I B

[



122 MATHEMATICS-X

SOLUTION  Let AB be the surface of the lake and P be the point of observation such that
AP = 60 metres. Let C be the position of the cloud and C’ be its reflection in the lake. Then,

CB = CB. Let PM be perpendicular from P on CB. Then, ZCPM = 30° and
ZC'PM = 60°. Let CM = h. Then, CB = h + 60. Consequently, C'B = h + 60.

In A CMP, we have

tan30° = —% C
PM
- .
J3 PM
=5 PM =3 h
In A PMC', we have
tan 60° = C—M
PM
- tan60° = S B+ BM
PM
I+ 60 + 60
= J& e T
PM
h+120 s1 Fig.12.37
—] PM = ...{]l] |g. 5
V3

From equations (i) and (ii), we get

Jih-—.h‘;,%m —3h=h+120 = 2h =120 = h = 60

Now,  CB=CM + MB =i + 60 = 60 + 60 = 120.
Hence, the height of the cloud from the surface of the lake is 120 metres.

EXAMPLE 37 A round balloon of radius r subtends an angle a at the eye of the observer while

the angle of elevation of its centre is . Prove that the height of the centre of the balloon is
rsin f cosec a/2. [INCERT EXEMPLAR]

SOLUTION  Let O be the centre of the balloon of radius r and P the eye of the observer. Let PA,
PB be tangents from P to the balloon. Then, ZAPB = a.
£APO = £BPO = =

Let OL be perpendicular from O on the horizontal
PX. We are given that the angle of the elevation of

the centre of the balloonis pi.e, ZOPL = .
In AOAP, we have
in & _ OA
2 0P
si_n E - _r-
= 2 OP

Fig. 12.38
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— OP = rcosee% ..(1)
In A OPL, we have
sinf} = %)I:
=4 OL = OPsinp = rcosec% sin f3 [Using equation (i)]

Hence, the height of the centre of the balloon is r sin Bccsec%

EXAMPLE 38 The angle of elevation of a cliff from a fixed point is 0. After going up a distance of k
metres towards the top of the cliff at an angle of ¢, it is found that the angle of elevation is & . Show that
the height of the cliff is
k (cos¢ — sincota)
cotf — cotu

SOLUTION Let AB be the cliff and O be the fixed point such that the angle of elevation of the
cliff from QisOie., LAOB = 0. Let ZAOC = ¢ and OC = k metres. From Cdraw CD and CE

perpendiculars on AB and OA respectively. Then, ZDCB = a. Leth be the height of the clitf
AB.

metres

InAOCE,we have
R <
Sin® = 5¢
- GE
e = —
singd P
—* CE = ksind
= AD = ksin¢ (i} [+ CE=AD]
and, cosdh = Sk
= cos d = %E Fig. 12.39
= OE = kcos ¢ ...(ii)
In AOAB, we have
AB
tanf = —
Y oA
.F
= tanf = -O—:I
= OA = hcot ..(1i1)
CD = EA = OA — OE = hcot0 —kcos ¢ «(iv)  [Using (ii) and (iii)]
and, BD = AB— AD = AB-CE=h~-ksin¢ (V) [Using (i)]
In A BCD, we have
tana = 2l
CcD

b
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h—ksind o
- T Using (iv) and (v
IicotO — k cos ¢ [ g (iv) (v)]
. 1 Jh-ksing

cota  heot® - kcos (0

=5 hcota = k sing cota = hcot 0 - k cos ¢
= h(cot B — cota) = k (cosd - sindcota)
2 = k (cos¢ — sindcota)

cotf - cota

EXAMPLE 39 Af the foot of a mountain the elevation of its summit is 45° after ascending 1000 m

towards the mountain up a slope of 30° inclination, the elevation is found to be 60°. Find the height
of the mountain.

SOLUTION  Let F be the foot and S be the summit of the mountain FOS. Then, ~OFS = 45°
and therefore, ZOSF = 45°. Consequently, OF = 0S = h km (say). Let FP =1000 m = 1 km be

the slope so that ZOFP = 30°. Draw PM 1 OS and PL 1 OF. Join PS. It is given that
£ZMPS = 60°.

S
In A FPL, we have
sin30° = FL
PF
- PL=PFsin3ﬂ°=(1+%)lqn=%km
Oﬁ.I:PL:%km
= MS=OS-OM=(I:—%]km (i)
FL
Also, cos 30° = == Fig. 12.40
= FL=PFC053G°=(1x§]km=rJ2;§km
Now, 1 =0S=0F=0L+LF
=5 h =OL+—"?—~
= OL:[J:——‘?ka
= PM =[h—§)km (i)
In A SPM, we have
SM
60° = =—
tan PM
= SM = PM - tan60®
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Lh V3
= (! - 5] = (h = _Z_J J3 [Using (i) and (ii)]
N W= hfB =2
- «.@h—h:é—l
2 3
= hx\3-1)=1
A V3 +1 V3+1 2732
h=s———-= = T
= V3-1 B-1)H3B+1) 2 g e

Hence, the height of the mountain is 1.366 km.

EXAMPLE 40  Theangleof elevation of the top of a towwer from a point A due south of the tower is ccand from
d

o+ cot’B -

SOLUTION Let OP be the tower and let A and B be two points due south and east

respectively of the tower such that ZOAP = «¢ and ZOBP = 3. Let OP = h.

In A OAP, we have

Bdue east of the tower is B. If AB =d, show that the height of the tower is J s

J N
tano = —— p
OA i
- OA = hcota (1) h/;
In A OBP, we have !
w E
h
tanpj = —
P OB
= OB =hcotp ..(ii)
Since OAB is a right-angled triangle.
B L 2 g5
AB* = OA® + OB°
sy !fz e h'.! Cnt:‘.u + h: Cﬂtz '} Flg 12.41
d [Using (i) and (ii)]

— h= = A

EXAMPLE 41 Theelevationofa tower at a station A due north of it is a.and at a station B due west

hed . ABsinusinf}
s . s height of the tower 15 = .
of A is 3. Prove that the heig} of Jsin“ o sin?p

SOLUTION Let OP be the tower and let A bea point due north of the tower OP and let B be the

point due west of A. Such that ZOAP = a and ZOBP = 3. Lethbe the height of the tower.

In right-angled triangle OAP and OBP, we have
h

_—

h -
tan a. = b—zand tan fp = OB
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= OA = hcota and OB = hcotp N
In A OAB, we have B A
OB* = 0A? + AB® "-'.j:.,j} e
= AB® = OB* - 0A® ,.E'”‘
= AR = iPcot’ B - i cot k
o o[~Jao"-. -, .

= AB* = h:{cot: B-cot’a } )

A 3 . 2 P
= AB* = h* [{cnsuc‘ B-1)-(cosec” o — 1]:|
= AB* = I (cosec’ P - cosec? a) S

I A N Fig. 12.42
= AB" =h- bu_‘ ,El au: b

sin” asin”

= o ABsinasinf}

\/:i'm2 a-— sirﬂ]

EXAMPLE 32 A L.2m tall girl spots a balloon moving with the wind in a horizontal line at a height
0f 88.2m from: the ground. The angle of elevation of the balloon from the eyes of the girl at any instant
15 60°. After some time, the angle of elevation reduces to 30°. Find the distance travelled by the balloon
during the interval. [NCERT]
SOLUTION  Let Pbe the position of the balloon when its angle of elevation from the eyes of
the girl is 60° and Q be the position when angle of elevation is 30°.

In AOLP, we have

tan60° = i
OL
PL'-LL" 882-12
= 3= = a
B oL - -~
87 xp Q
= At o
OL
= (JL-= “8.2. B122m
V3 FC :
In AOMQ, we have P S
R A e S g SR VM 0 L M
oM OM Fig. 12.43
_ 1 _882-12
V3 oM
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87
OM

1
= J§ =
— OM =87 x J3
. Distance travelled by the balloon = PQ = LM = OM - OL

87
= | B %3 — =
[ Ja]‘“
1 87 %2 174
=87x|V3-—=|m= m = m
[ Jé]m NE 3 :
174

" 3m = 58/3 m.

EXAMPLE 43 A straight highway leads to the foot of a tower. A man standing at the top of the tower
observes a car at angle of depression of 30°, which is approaching to the foot of the tower with a
uniform speed. Six seconds later, the angle of depression of the car is found to be 60°. F ind the further
time taken by the car to reach the foot of the tower. [NCERT, CBSE 2008, 2009, 2017]

SOLUTION Let P bethe foot of the vertical tower PQ of height i metres. Let the speed of the
car be v m/sec. At A the angle of depression of the car is 30° and six seconds later it reaches
to B where the angle of depression is 60°.

Clearly, car travels distance AB in 6 seconds with speed vm/sec.
AB = 6v metres
Suppose car takes t seconds toreachto P from point B. Then, BP = vf metres.

& AP = AB+ BP =6v +ut
InAAPQ, we have Horizontal (Top of the tower)

Q
tan30° = EQ-
AP
L L__b
J3  6v+ut
= J§I!=6U+Ul os (1)
In A BPQ, we have
. PQ
tan 60° = 4 Fig. 12.44
= -Jj = -I—I~
vt
= J3ot=h ...(i1)
From (i) and (ii), we have
J3xJ3ot =6v+ot = 3ot=6v+ovl = 20t =6v = t= -;'—z = 3 seconds

Hence. further time taken b}r the car to reach the foot of the tower is 3 seconds.
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EXAMPLE 44 A manon a cliffobserves a boat at an angle of depression of 30° which is approaching
the shore to the point immediately beneath the observer with a untforim speed. Six minutes later, the
angle of depression of the boat is found to be 60°. Find the time taken by the boat to reach the shore.

SOLUTION  Let OA be the cliff and P be the initial position of the boat when the angle of

depression is 30°. After 6 minutes the boat reaches to Q such that the angle of depression at
Qis60°. Let PQ = x metres.

In A’s POA and QOA, we have e s
tan3{]°=o'4andtan60°=g{—
opP @
1 0A OA
e T L
= 5= op ™ =55
orP
=> OA=-—andOA =30
e Q
oP
= = =18
¥ e
= OP =300
1
=5 PQ=OPﬁDQ=OP_%=§op [-_-OQ:EOP:I

Let the speed of the boatbe v metre /minute. Then,
PQ = Distance travelled by the boat is 6 minutes

— PQ=6v
2
= %(OP) 6% [ PQ = EDPJ
= OP =9v
; Time taken by the boat to reach at the shore is given by
oP Distance
= ~ Time = ————
! v [ e Speed :'
9 . _
= I = > minutes = 9 minutes.

EXAMPLE 45 A man on the top of a vertical tower observes a car moving at a uniform speed coming
directly towards it. If it takes 12 minutes Jor the angle of depression to change from 30° to 45°, how
soon after this, will the car reach the tower? Give Your answer to the nearest second.

[CBSE 2006C]
hth metres. Let C be the initial position of the car and

given that the angles of depressionat C and D are 30°

SOLUTION  Let AB be the tower of heig
let after 12 minutes the car beat D, Itis
and 45° respectively,
Let the speed of the car be v metre per minute. Then,

CD = Distance travelled by the car in 12 minutes.

= CD =12 v metres [ Distance = speed x time]
Suppose the car takes t minutes to reach the tower AB from D. Then, DA = vt metres.
In A DAB, we have
AB
45° = —
‘e AD
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h
1=—
- vt
=5 h=uvt [l}
In A CAB, we have
tan 30° = iB—
AC
By vl 4l
t
3 o+12v Fig. 12.46
J3h = vt +120 ...(ii)

Substituting the value of h from equation (i) in equation (ii), we get

=

=

=

J3 ot = ot + 120

Bt=t+12
t(\V3-1)=12
12 12(B+))

R - TR T T
t = 6(+/3 + 1) = 16.39 minutes

= 16 minutes 23 seconds [-- 0.39 minutes = 0.39 x 60 seconds]

Thus, the car will reach the tower from D in 16 minutes and 23 seconds.

EXERCISE 12.1

;EH.. ; !i

e et

. A tower stands vertically on the ground. From a point on the ground, 20 m away from the

foot of the tower, the angle of elevation of the top of the tower is 60°. What is the height of
the tower?

The angle of elevation of aladder leaning against a wall is 60° and the foot of the ladder
is 9.5 m away from the wall. Find the length of the ladder.

A ladder is placed along a wall of a house such thatits upper end is touching the top of
the wall. The foot of the ladder is 2 m away from the wall and the ladder is making an
angle of 60° with the level of the ground. Determine the height of the wall.

An electric pole is 10 m high. A steel wire tied to top of the pole is affixed at a point on the
ground to keep the pole up right. If the wire makes an angle of 45° with the horizontal
through the foot of the pole, find the length of the wire,

A kiteis flying at a height of 75 metres from the ground level, attached to a string inclined
at 60° to the horizontal. Find the length of the string to the nearest metre.

A ladder 15 metres long just reaches the top of a vertical wall. If the ladder makes an
angle of 60° with the wall, find the height of the wall. INCERT EXEMPLAR]
A vertical tower stands on a horizontal plane and is surmounted by a vertical flag-staff.
Ata point on the plane 70 metres away from the tower, an c-bsurve:: notices that the
angles of elevation of the top and the bottom of the flag-staff are respectively 60° and 45°.
Find the height of the flag-staff and that of the tower. [CBSE 2014]
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A vertically straight tree, 15 m high, is broken by the wind in such a way that its top just
touches the ground and makes an angle of 60° with the ground. At what height from the
ground did the tree break?
A verticaltower stands on a horizontal plane and is surmounted by a vertical flag-staff of
height Smetres. Atapoint on the plane, the angles of elevation of the bottom and the top of
the flag-stattare respectively 30° and 60°. Find the height of the tower.

[CBSE 2015, 2016]
A person observed the angle of elevation of the top of a tower as 30°. He walked 50 m
towards the foot of the tower along level ground and found the angle of elevation of the
top of the tower as 60°. Find the height of the tower.
The shadow of a tower, when the angle of elevation of the sun is 45°, is found to be
10 m. longer than when it was 60°. Find the height of the tower.

. A parachutist is descending vertically and makes angles of elevation of 45° and 60° at

two observing points 100 m apart from each other on the left side of himself. Find the
maximum height from which he falls and the distance of the point where he falls on the
ground from the just observation point.
On the same side of a tower, two objects are located. Whenobserved from the top of the
tower, their angles of depression are 45° and 60°. If the height of the tower is
150 m, find the distance between the objects.
The angle of elevation of a tower from a point on the same level as the foot of the tower is
30%. Onadvancing 150 metres towards the foot of the tower, the angle of elevation of the
tower becomes 60°. Show that the height of the tower is 129.9 metres (Use /3 =1.732).
[CBSE 2006]
The angle of elevation of the top of a tower as observed from a point in a horizontal plane
through the foot of the tower is 32°. When the observer moves towards the tower a
distance of 100 m, he finds the angle of elevation of the top to be 63°. Find the height of the
tower and the distance of the first position from the tower. [Take tan 32° = 0.6248 and tan
63° = 1.9626) [CBSE 2001C]
The angle of elevation of the top of a tower from a point A on the ground is 30°. On
moving a distance of 20 metres towards the foot of the tower to a point B the angle of
elevation increases to 60°. Find the height of the tower and the distance of the tower from
the point A. [CBSE 2002, 2015, 2017]
From the top of a building 15 m high the angle of elevation of the top of a tower is found
to be 30°. From the bottom of the same building, the angle of elevation of the top of the
tower is found to be 60°. Find the height of the tower and the distance between the tower
and building. [CBSE 2002]
Ona horizontal plane there is a vertical tower with a flag pole on the top of the tower. At
a point 9 metres away from the foot of the tower the angle of elevation of the top and
bottom of the flag pole are 60° and 30° respectively. Find the height of the tower and the
flag pole mounted onit. [CBSE 2005]
A tree breaks due to storm and the broken part bends so that the top of the tree touches
the ground making an angle of 30° with the ground. The distance between the foot of the
tree to the point where the top touches the ground is 8 m. Find the height of the tree.

. From a point P on the ground the angle of elevation of a 10 m tall building is 30°. A flag

is hoisted at the top of the building and the angle of elevation of the top of the flag-staff
from P is 45°. Find the length of the flag-staff and the distance of the building from the
point P. (Take v3 = 1.732).
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A 1.6 m tall girl stands at a distance 0f 3.2 m from a lamp-post and casts a shadow of 4.8
m on the gl'mjmfi. Fm_d the height of the lamp-post by using (i) trigonometric ratios (ii)
property of similar triangles,
A 1.5 m tall boy is standing at some distance from a 30 m tall building. The angle of
elevation from his eyes to the top of the building increases from 30° to 60° as he walks
towards the building. Find the distance he walked towards the building.
[NCERT, CBSE 2014]

The 5had_0W of a tower standing on a level ground is found to be 40 m longer when Sun’s
altitude is 30° than when it was 60°. Find the height of the tower.

[NCERT EXEMPLAR]

. From a point on the ground the angles of elevation of the bottom and top of a

transmission tower fixed at the top of 20 m high building are 45° and 60° respectively.
Find the height of the transimission tower. [NCERT]

. The angles of depression of the top and bottom of 8 m tall building from the top of a

multistoried building are 30° and 45° respectively. Find the height of the multistoried
building and the distance between the two buildin gs. [NCERT, CBSE 2009]
A statue 1.6 m tall stands on the top of pedestal. From a point on the ground, the angle of
elevation of the top of the statue is 60° and from the same point the angle of elevation of
the top of the pedestal is 45°. Find the height of the pedestal.

[NCERT, CBSE 2008,2014]

A T.V. Tower stands vertically on a bank of a river. From a point on the other bank
directly opposite the tower, the angle of elevation of the top of the tower is 60°. From a
point 20 m away this point on the same bank, the angle of elevation of the top of the tower
is 30°. Find the height of the tower and the width of the river. [NCERT]
From the top of a7 m high building, the angle of elevation of the top of a cable tower is 60°
and the angle of depression of its foot is 45°. Determine the hei ght of the tower.
[NCERT, CBSE 2014, 2017]
As observed from the top of a 75 m tall lighthouse, the angles of depression of two ships
are 30° and 45°. If one ship is exactly behind the other on the same side of the lighthouse,
find the distance between the two ships. [NCERT]
The angle of elevation of the top of the building from the foot of the tower is 30° and the
angle of the top of the tower from the foot of the building is 60°. If the tower is
50 m high, find the height of the building. [NCERT, CBSE 2012, 2015, 2017]
From a pointona bridge across a river the angles of depression of the banks on opposite
side of the river are 30° and 45° respectively. If bridge is at the height of
30 m from the banks, find the width of the river. [NCERT]
Two poles of equal heights are standing opposite to each other on either side of the road
which is 80 m wide. From a point between them on the road the angles of elevation of the
top of the poles are 60° and 30° respectively. Find the height of the poles and the
distances of the point from the poles. [NCERT]
A man sitting at a height of 20 m on a tall tree on a small island in the middle of a river
observes two poles directly opposite to each other on the two banks of the river and in
line with the foot of tree. If the angles of depression of the feet of the poles from a point at
which the man is sitting on the tree on either side of the river are 60° and 30° respectively.
Find the width of the river.
A vertical tower stands on a horizontal plane and is surmounted by a flag-staff of height
7 m. From a point on the plane, the angle of eleva! tion of the bottom of the flag-staff is 30° and
that of the top of the flag-staff is 45°. Find the height of the tower. [CBSE 2016]
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37.

39.

40.

41.

43,

45.

46.

47.

48.

. The length of the shadow of a tower standing on level plane is found to be 2x metres

longer when the sun’s altitude is 30° than when it was 45°. Prove that the height of tower
1S (V3 + 1) metres.

A tree breaks due to the storm and the broken part bends so that the top of the tree
touches the ground making an angle of 30° with the ground. The distance from the foot
of the tree to the point where the top touches the ground is 10 metres. Find the height of
the tree.

A balloon is connected to a meteorological ground station by a cable of length 215 m
inclined at 60° to the horizontal. Determine the height of the balloon from the
ground. Assume that there is no slack in the cable.

- Two menoneither side of the cliff 80 m high observes the angles of elevation of the top of

the cliff to be 30° and 60° respectively. Find the distance between the two men.
[CBSE 2016]
Find the angle of elevation of the sun (sun’s altitude) when the length of the shadow of

avertical pole is equal toits height.

Anaeroplaneis flying at a height of 210 m. Flying at this height at some instant the angles
of depression of two points ina line in opposite directions on both the banks of the river are
45°and 60°. Find the width of the river. (Use /3 = 1.73) [CBSE2015]

The angle of elevation of the top of a chimney from the top of a tower is 60° and the angle
of depression of the foot of the chimney from the top of the tower is 30°. If the height of the
tower is 40 m, find the height of the chimney. According to pollution control norms, the
minimum height of a smoke emitting chimney should be 100 m. State if the height of the
above mentioned chimney meets the polution norms. What value is discussed in this

question? [CBSE 2014]

- Twoshipsare there in the sea on eitherside of a light house insuch away that the ships and

the light house are in the same straight line. The angles of depression of two ships are
observed from the top of thelight house are 60° and 45° respectively. If the height of the light

house is 200 m, find the distance between the two ships. (Use /3 = 1.73)
The horizontal distance between two poles is 15 m. The angle of depression of the top of

the first pole as seen from the top of the second poleis 30°. If the height of the second pole
1s 24 m, find the height of the first pole. (Jﬁ = 1.732) [CBSE 2013]

. The angles of depression of two ships from the top of a light house and on the same side

of itare found tobe 45° and 30° respectively. If the ships are 200 m apart, find the hei ght
of the light house. [CBSE 2012]
The angles of elevation of the top of a tower from two points at a distance of 4 m and 9 m
from thebase of the tower and in the same straight line with it are complementa ry. Prove
that the height of the tower is 6m. [INCERT, CBSE 2016]

From the top of a 50 m high tower, the angles of depression of the top and bottom of a pole
are observed to be 45° and 60° respectively. Find the height of the pole.

[CBSE 2016]
The horizontal distance between two trees of different heights is 60 m. The angle of
depression of the top of the first tree when seen from the top of the second tree is 45°. If the
height of the second tree is 80 m, find the height of the first tree.

A flag-staff stands on the top of a5 m high tower. Froma point on the ground, the angle of
elevation of the top of the flag-staff is 60° and from the same point, the angle of elevation of the
top of the tower is 45°. Find the height of the flag-staft. [CBSE 2013]
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The angle of elevation of the top of a verti
60°. Ata point Y, 40 m verticall p of avertical tower PQ from

the height of the tower.

As observed from the top of a 150 m tall light house, the angles of depression of two ships

approaching itare 3.*9" and 45°. If one ship is directly behind the other, find the distance
between the two ships. [CBSE 2013]

a point X on the ground is
y above X, the angle of elevation of the top is 45°. Calculate

The anglles of elevation of the top of a rock from the top and foot of a 100 m high tower are
respectively 30° and 45°. Find the height of the rock.

. A straight highway leads to the foot of a tower of height 50 m. From the top of the tower,

the angles of depression of two cars standing on the highway are 30° and 60°

rESpE{; tively. Whatis the distance between the two cars and how far is each car from the
tower!

From the top of a building AB, 60 m high, the angles of depression of the top and bottom
of a vertical lamp post CD are observed to be 30° and 60° respectively. Find
(i) the horizontal distance between AB and CD.
(ii) the height of the lamp post.
(iii) the difference between the heights of the building and the lamp post.
[CBSE 2009]

Two boats approach a light house in mid-sea from opposite directions. The angles of
elevation of the top of the light house from two boats are 30° and 45° respectively. If the
distance between two boats is 100 m, find the height of the light house.

[CBSE 2014]

The angle of elevation of the top of a hill at the foot of a tower is 60° and the angle of
elevation of the top of the tower from the foot of the hill is 30°. If the tower is 50 m high,
what is the height of the hill? [CBSE 2006C, 2013]

. A moving boat is observed from the top of a 150 m high cliff moving away from the cliff.

The angle of depression of the boat changes from 60° to 45 in 2 minutes. Find the speed
of theboat in m/h. |CBSE 2017]

- From the top of a 120 m high tower, a man observes two cars onthe opposite sides of the

tower and in straight line with the base of tower with angles of depression as 60° and
45°. Find the distance between the cars. (Take /3=1.732) [CBSE 2017]

- Two points A and B are on the same side of a tower and in the same straight line with its

base. The angles of depression of these points from the top of the tower are 60° and 45°
respectively. If the height of the tower is 15 m, then find the distance between these
points. [CBSE 2017]

A firein a building B is reported on telephone to two fire stations P and Q, 20 km apart
from each other on a straight road. P observes that the fireis at an angle of 60° to the road
and Q observes that it is atan angle of 45° to the road. Which station should send its
team and how much will this team have to travel?

A man on the deck of a ship is 10 m above the water level. He observes that the angle of

elevation of the top of a cliffis 45° and the angle of depression of the base is 30°. Calculate
the distance of the cliff from the ship and the height of the cliff.

A man standing on the deck of a ship, which is 8 m above water level. He observes the
angle of elevation of the top of a hill as 60° and the anglepf depression of the base of the
hill as 30°. Calculate the distance of the hill from the ship and the height of the hill.
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62 There are two temples, one on each bank of a river, just opposite to each other. One
temple is 50 m high. From the top of this temple, the angles of depression of the top and
the foot of the other temple are 30° and 60° respectively. Find the width of the river and
the height of the other temple.

#+ Theangle of elevation of an aeroplane from a point on the ground is 45°. After a flight of
15 seconds, the elevation changes to 30°. If the aeroplane is flying at a height of 3000
metres, find the speed of the aeroplane.

64 Anaeroplane flying horizontally 1 km above the ground is observed at an elevation of
60°. After 10 seconds, its elevation is observed to be 30°. Find the speed of the aeroplane
inkm/ hr.

- Atree standing on a horizontal plane is leaning towards east. At two points situated at
distances @ and b exactly due west on it, the angles of elevation of the top are
respectively aand B. Prove that the height of the top from the ground is

(b -a) tana tanp
tana - tanf

66. The angle of elevation of a stationery cloud from a point 2500 m above a lake is 15° and
the angle of depression of its reflection in the lake is 45°. What is the height of the cloud
above the lake level? (Use tan 15° = 0.268)

o7. Iftheangle of elevation of a cloud from a point i metres abovea lake is @ and the angle of
depression of its reflection in the lake be b, prove that the distance of the cloud from the
point of observation is

L=
Tk

65

J

2l seca
tanp - tana
68. From anaeroplane vertically above a straight horizontal road, the angles of depression

of two consecutive mile stones on opposite sides of the aeroplane are observed to be «
and . Show that the height in miles of aeroplane above the road is given by

tana tan
tana + tanp

69. PQisa post of given heighta, and AB is a tower at some distance. If a. and f are the angles
of elevation of B, the top of the tower, at Pand Q respectively. Find the height of the tower
and its distance from the post.

[CBSE 2004]

[CBSE 2004]

70. Aladder rests against a wall at an angle o to the horizontal. Its foot is pulled away from
the wall through a distance 4, so that it slides a distance b down the wall making an
angle B with the horizontal. Show that

a _ cosa — cosp
b _sinﬁ—-si.nu INCERT EXEMPLAR]

71. A tower subtends an angle a at a point A in the plane of its base and the angle of
depression of the foot of the tower at a point b metres just above A is B. Prove that the
height of the toweris b tan a cot .

72. Anobserver, 1.5m tall, is 28.5 m away from a tower 30 m high. Determine the angle of
elevation of the top of the tower from his eye. INCERT EXEMPLAR]

73. A carpenter makes stools for electricians with a square top of side 0.5 m and at a height
of 1.5m above the ground. Also, each leg is inclined atan angle of 60° to the ground. Find
the length of each leg and also the lengths of two steps to be put at equal distances.
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A boy is standing on the ground and flyi i : i i
7 s _ ying a kite with 100 m of string at an elevation of
30°. Another boy is standing on the roof of a 10 m high building and is flying his kite at

an {i:-}evat‘ian g 1: 45°. Both the boys are on opposite sides of both the kites. Find the length
of the string that the second boy must have so that the two kites meet.

From the LDP ofa lighthouse, the angles of depression of two ships on the opposite sides
of it are observed to be a.and f. If the height of the light house be h metres and the line
joining the ships passes through the foot of the light house, show that the distance

h(tano + tanf)
tana tanp

between the ship is

metres.

. From the top of a tower h metre high, the angles of depression of two objects, which are

in the line with the foot of the tower are cand p (B > @) . Find the distance between the
two objects. [NCERT EXEMPLAR]
A window of a house is h metre above the ground. From the window, the angles of
elevation and depression of the top and bottom of another house situated on the

opposite side of the lane are found to be « and P respectively. Prove that the height
of the house is /(1 + tan a tan ) metres. INCERT EXEMPLAR]

. The lower window of a house is at a height of 2 m above the ground and its upper

window is 4 m vertically above the lower window. At certain instant the angles of
elevation of a balloon from these windows are observed to be 60° and 30°
respectively. Find the height of the balloon above the ground.  [NCERT EXEMPLAR]

- o _ — ANSWERS
. 2043m 2. 19m 3. 243m 4. 141m
5 87m 6. 7.5m 7. 51.24m,70m 8. 69m
9. 25m 10. 43.25m 11. 23.66m
12. 236.6m,136.6m 13. 634m 15. 91.65m, 146.7m
16. Height=17.3 m, Distance=30m  17. Height =22.5m, Distance =12.975m

8
18. 33m,6/3m 19 8/3m 20. 7.32m,17.32m 21. Em
22. 193 m 23. 20J3m 24, 20(¥3-1)m

4(\3+1)

5. 4(3+3)m, 4(3+3)m % — o W

50
27, 103m,10m 28. 7(¥3+1)m 29. 75(v3 -1)m 30. 7 m

80
3. 30(W3+1)m 32 20Y3m,20m, 60m 3. HZW
3. 9.56m 36, 17.3m 37. 186 m 38. 184.8m
39. 45° 40. 331.38m 41. 160 m, Yes polution control
42. 315.6m 13. 15.34m 44. 273.2m 46. 21.13m
7. 20m 48, 3.66 m 19. 94.64m 50. 109.5m
51. 236.5m 52. 57.67m,86.5m, 28.83m
53. (i) 34.64m (i) 40m. (iii) 20m. 54 50(v3 -1)m 55. 150m
56, 1902 m/hr 57. 189.28m 58. 6.340m
59. Station P, 14.64 km 60. Distance = 103 m, Height = 27.32 m
61. Distance = 843 m, Height = 32m 62. 28.83m,33.33m 63, 527.04 km/hr



A e

1236

ed. 415.68km/hr  65. 20.87m,33.33m

9. Distance =

tana - tanp’ Eitight =

73. 1.732m,1.1077m, 1.654m  74. 40v2m

MATHEMATICS - x

66. 250073 m

atana
tana - tanf
76. h(cota — cotp)

72. 45°

78. 8m
HINT TO SELECTED PROBLEMS

22. In A ACB, wehave

tan 30° = &€
AC
= tan30“=30_1'5
AC
1 28.5
= _—=—
3 A€
= AC=285x/3m

In A BCQ, we have

tan60° = 2
BC
30-15
-
= V3 BC
28.5
— BC = —m
3

AB=AC-BC =285x+/3 -

L —— ¥ +— M P

Fig.12.47

28. ;
8.5 235::2:1%@-“1.

7 -

V3

24. Let PQbe thebuilding of height 20 metre and QR be the transmission tower of height h

metre.

Let the angles of elevation of the bottom and top of the

tower at point O be 45° and 60° respectively.
Then, in triangles OPQ and OPR, we have

tan45° = 22 and tan60° = 2R
OP oP
= 1=i?;and‘f_=2{;;h
= OP =20mand 3 xOP = 20 + h
— 203 =20+h
= h=(20¥3 -20) m = 20(V3 - 1) m.

R

CEITTREE e L CEETETe

aT

20m

) 45°
Fig.12.48
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26. Let OP be the pedestal and PQ be the statue of height1.6 m
InA’s AOP and AOQ, we have

tan 45° = Eandtanﬁﬁ“ 2_@_
0OA

OA
= 1=%andf=opoll'6
- OA =0OPand 3 0A=0P + 16
=5 J30OP=0P+16
= 3-1n0oP=16
= op'= =2 =08(v3+1)m
g1 -

= -&”
12.37
Q
v
16m
:
F...’_..
%., 45°
o
Fig. 12.49

27. Let AB be the tower of height h metre on a bank of the river and D be a point on the

opposite bank or the river.

In A's DBA and CBA, we have
= tal:rt?;l']"':ﬂa:ndtaruﬁll]!‘:'=1{:'E
DB BC
1 h h
_Snass A8 =t
= B3 20+BC V3= o5
h
= J3h =20+ BCand BC = —
' 73
= 3h =20+ .% [On eliminating BC]

D
= 2% 90 -— 20m — = ¢ o
V3 Fig. 12.50
= h=10J3 m
BC = i=.1II}|'r|
J3

29. Let OA be the light house of height 75 m and P and Q be the positions of two ships,

In A’'s AOQ and AOP, we have

,_OA s .04
tan 45° = and tan 30 OP
75 1 _75
= 1= andﬁ—op
= 0Q = 75and OP = 753

o

pQ={75ﬁ—ﬁ}m=75{J§-1Jm
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0. Let AD be the building of height /s metre. C
InA's ABCand ABD, we have
BC AD
tan60® = — and tan30° = —
AB 1w fan 1B
B ':-U i 1 h
= G T .8
AB B T AB '
50 50m
= AB = == and AB = 3}
Jﬁ ‘ D L
= Joh = = l
v‘_ h
= h = iq
2 3 T EDI' 3,0:
Fig.12.52 B
59. Let AB be the building of height . e
Clearly, £ZAPB > £AQB. B
= ZABP < £ABQ
= AP < AQ
= Station P is nearer to the building,
So, station P must send its team. h
In A PAB, we have
AB I h
tan 60° = — 3 = — AP = —
AP AP 53 45° 60°
In AQAB, we have Q A P
mn45°_ﬂ:1_i=AQ_h Fig.12.53
AQ AQ
Now, PQ = 20 km
= AP+ AQ=20
h 2043
= —+h=20>h= =10(3-+/3) =17.32km N
J3 V3 +1 ( }
65. Let OP be the treeand A, B be two points such p
that OA = aand OB = b. :
i h
In A's ALP and BLP, we have / !
, W ¥4 : E
tan a = and tanp = B A, - 0 L
“=OoL+a = OL +b et
= OL+a=hcotaand OL +b = h cot 3
— b—a=hcotp-lhcota
L
- ;e (b-a) _(b-a)tana tanfp 8
" cotp - cota tan « - tan B Fig.12.54
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67. Let C' be the image of clould C in the lake.
In A's PQC and PQC’, we have

x ¥
t = — — Q.E..
an o 5 and tan f§ =

X x+2h
— tana = —and tan p =
PQ B rQ
x+2h x
tan B - tana = - —
=1 PQ PQ :
= tan[?n-*tanm=2—'rl
2h
PO =
= Q tan § — tan a
Again, in A PQC, we have Fig. 12.55
PQ
so=—
COS o CP
= CP = PQseca
J
- CP = 2h sec a

h tan p — tan a

68. Let h be the height of aeroplane P above the road and A and B be two consecutive
milestones. Then,

AB = 1mile

In A*AQP and BQP, we have
4 -
tanc:=Id-andtan =30

= AQ = h cot aand BQ = hcotp
= AQ+BQ=I1(cota+cot[i)

tan a + tan BJ .
= AR = h( tan a tan Q

Fig. 12.56

< h tan o tan b AB =1]

- t;ma+l:ﬂnl3

that its top Q is onthe wall OQ and bottom P is on the ground.

69. be the ladder such :
Let PQ from the wall through a distance 4, so that its top Qslides and

The ladder is pulled away
takes position (J'-
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4

Clearly, PQ = P'QQ".
In A" POQand P'OQ’, we have
0Q op oY or’

SiNQ = —=_,cosa = —, $inf = —, = —— Q
PO €os « PQ,HII\B PO cos b PO

. b+y X . y a+x

sina = —=, = — & ==, cosP =
PO Cos @ PQ sin 3 PO cos 3 PO

" g b+y y a+x X

sSiIna - 5§ = = - —=_and =T, - —_—

n in 8 ) ann cosf—cosa B PO

. : b a
sina-sinfd=—andcosP-cosa =—
PQ PQ

sina-sinff b

cosB~cosu-a X -
a _cosa—cosf P 5 P o)
b sinf-sina Fig.12.57

T— __ VERY SHORT ANSWER TYPE QUESTIONS (VSAQs)

Answer each of the following questions either in one word or one sentence or as per requirement of the
questions:

L

Z.

tad

n

The height of a tower is 10 m. What is the length of its shadow when Sun’s altitude is
45°?

If the ratio of the height of a tower and the length of its shadow is /3 : 1, what is the
angle of elevation of the Sun? [CBSE 2017]

What s the angle of elevation of the Sun when the length of the shadow of a vertical pole
is equal to its height?

From a point on the ground, 20 m away from the foot of a vertical tower, the angle of
elevation of the top of the tower is 60°, what is the height of the tower?

If the angles of elevation of the top of a tower from two points at a distance of 4 m and 9
m from the base of the tower and in the same straight line with it are complementary, find
the height of the tower.

In Fig. 12.58, what are the angles of depression from the observing positions O, and O,
of the objectat A?

02 04

45°
A B c

Fig.12.58
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7. The tops of two towers of height x and y, standing on level ground, subtend angles of 30°

10.

11.

1.
6.
11.

and 60° respectively at the centre of the line joining their feet, then find x: v.
[CBSE 2015]

- The angle of elevation of the top of a tower ata point on the ground is 30°. What will be

the angle of elevation, if the height of the tower is tripled? [CBSE 2015]

. ABisa pole of height6 m standing ata point Band CD isa ladder inclined atangle of 60°

to the horizontal and reaches upto a point D of pole. If AD =2.54m, find the length of the
ladder. (Use 3 =1.73) [CBSE 2016]

Anobserver, 1.7 mtall,is 2043 maway from atower. Theangle of elevation from the eye
of an observer to the top of tower is 30°. Find the height of the tower.

[CBSE 2016]
Anobserver, 1.5m tall, is 28.5 m away from a 30 m high tower. Determine the angle of
elevation of the top of the tower from the eye of the observer. [CBSE 2017]
= ANSWERS
10 m 2. 60° 3. 45° 4. 203 m 5. 6m
30°, 45° 7.1:3 8. 60° 9.4m 10. 21.7 m

45°

MULTIPLE CHOICE QUESTIONS (M CQs)

Mark the correct alternative in each of the following:

1.

o

1]

The ratio of the length of arod and its shadow is 1: J3. Theangle of elevation of the sum
is

(a) 30° (b) 45° (c) 60° (d) 90°

If the angle of elevation of a tower from a distance of 100 metres from its foot is 60°, then
the height of the tower is

100 200
(a) 10043 m (b) Nl m (©) 5043 m (d) B m

If the altitude of the sum is at 60°, then the height of the vertical tower that will cast a
shadow of length 30 m is

30
(a) 303 m (b) 15m @ 3™ (d) 15J2 m

If the angles of elevation of a tower from two points distanta and b (a > b) from its foot and
in the same straight line from itare 30° and 60°, then the height of the t:zr(er is

@ JoT ®) b © Ja=b @ |3

If the angles of elevation of the top of a tower from two points distant a and b from the
base and in the same st raight line withitare complementary, then the height of the tower

15

a {
@) ab ®) Jab © 3 (d) J!E
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6. Fromalight house the angles of depression of two ships on opposite sides of the light
house are observed to be 30° and 45°. If the height of the light house is h metres, the
distance between the ships is

(@) (V3 +1) h metres (b) (/3 = 1) h metres
(¢) V3 metres (d) 1 +[1 +-\}—§J It metres

7. Theangle of elevation of the top of a tower standing on a horizontal plane from a point
Ais a. After walking a distance d towards the foot of the tower the angle of elevation is
found to be p. The height of the tower is

d d d d
(@) cota + cotf (b) cota - cotf} (c) tan p - tana () tanf + tana

5. The tops of two poles of height 20 m and 14 m are connected by a wire. If the wire makes
an angle of 30° with horizontal, then the length of the wire is

(a) 12m (b) 10 m (c) 8m (d)6m

9. From the top of a cliff 25 m high the angle of elevation of a tower is found to be equal to
the angle of depression of the foot of the tower. The height of the tower is
(a) 25 m (b) 50 m (c) 75 m (d) 100 m

10. The angles of depression of two ships from the top of a light house are 45° and 30°
towards east. If the ships are 100 m apart, the height of the light house is

50 50
@ Z™ b) Z_m (€ 50(3-)m  (d) 50(+3 +1)m

11. Iftheangle of elevation of a cloud from a point 200 m above a lake is 30° and the angle of
depression of its reflection in the lake is 60°, then the height of the cloud above the lake,
is
(a) 200m (b) 500 m (c) 30m (d) 400 m

12. The heightof a tower is 100 m. When the angle of elevation of the sun ch anges from 30°
to 45, the shadow of the tower becomes x metres less. The value of xis

0w,
V3

13. Two persons are a metres apartand the height of one is double that of the other. If from
the middle point of the line joining their feet, an observer finds the angular elevation of
their tops to be complementary, then the height of the shorter postis

(a) 100 m (b) 100¥3 m (€©) 100(3-1)m  (d)

a a a
(@) 7 b) 75 (c) a2 | (d) 55
14. The angle of elevation of a cloud from a point i metre above a Jake is 0. The angle of
depression of its reflection in the lake is 45°. The height of the cloud is
(@) htan(45°+0)  (b) hcot(45° - 6) (c) I tan (45° - ) (d) h cot (45° + 0)

15. A tower subtends anangle of 30° ata point on the same leve] as its foot. At a second

: _ point
hrmetres above the first, the depression of the foot of the tower is 60°, The height of the
tower is

h h i
(a) 5 m (b) V3hm (€) =m ) L
2 3 V3
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16. Itis found that on walking x meters towards a chimneyina horizontal line through its

17.

19.

ra
a1

26,

?Sase, the elevation of its top changes from 30° to 60°. The height of the chimney

(a) 32« (b) 24/3x (c) _";Ex (d) %_\'

The length of the shadow of a tower standing on level ground is found to be 2x metres

longer \_Mhen the sun’s elevation is 30° than when it was 45°. The height of the tower in
metres 1s

(a) (V3+1)x (b) (V3-1)x (c) 23x (d) 34J2x

. Two poles are “a” metres apart and the height of one is double of the other. If from the

middle point of the line joining their feet an observer finds the angular elevations of their
tops to be complementary, then the height of the smaller is

(a) /20 metres (b) ZLJE metres (c) -\?—imetres (d) 2a metres

The tops of two poles of height 16 mand 10 mare connected by a wire of length [ metres.
If the wire makes an angle of 30° with the horizontal, then/=

(a) 26 (b) 16 (© 12 (d 10

. If a 1.5 m tall girl stands at a distance of 3 m from a lamp-post and casts a shadow of

length 4.5 m on the ground, then the height of the lamp-post is
(a) 1.5 m (b) 2m (c) 25 m (d) 2.8 m

. The length of shadow of a tower on the plane ground is \/3 times the height of the tower.

The angle of elevation of sun is

(a) 45° (b) 30° (c) 60° (d) 90° [CBSE 2012]
The angle of depression ofa car, standing on the ground, from the top ofa 75 m tower, 1S
30°. The distance of the car from the base of the tower (in metres) is

(@) 2543 b) 5043 © 7543 (d) 150 [CBSE 2013]

A ladder 15 m long just reaches the top of a vertical wall. If the ladder makes an angle of
60° with the wall, then the height of the wall is

15+/3 15 el
(@) 15J3m (b) :r_ m €© 5™ (d) 15m [CBSE 2013]
The angle of depression of a car parked on the road from the top of a 150 m high tower is
30°. The distance of the car from the tower (inmetres) is

@ 5093 ®) 15043 (€) 15042 (d) 75 |CBSE 2014]
If the height of a vertical poleis J3 times thelength of its shadow on the ground, then

the angle of elevation of the sun at that time is
{ﬂ] 30° {b} .[){:I':" ((‘] 45° (d] 75° [CBSE 201 4]

The angle of elevation of the top of a towerata point on the ground 50 m away from the
foot of the tower is 457 Then the height of the tower (inmetres) is

S0 50
@) 5043 (b) 50 © @ 75 (CBSE 2014
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27. Aladder makes an angle of 60° with the ground when placed against a wall. If the foot

of the.tladder is 2Zmaway from the wall, then the length of the ladder (in metres) is
@ 7 ® 443 © 205 (d 4 [CBSE 2014]
s ) _ ANSWERS

L (a) 2 (b) 3. (a) 1 (b 5. (b) 6. (a)
7. (b) 8. (a) 9. (b) 10. (d) 11. (d) 12. (c)
13. (d) 14. (a) 15. (¢) 16. (c) 17. (a) 18. (b)
19. (© 20. (0) 21. (b) 22. (a) 23. (c) 24. (a)
25, (b) 26. (b) 27. (d)

SUMMARY
1. The line drawn from the eye of an observer to a
viewing is called the line of sight.

The angle formed by the line of sight with the horizontal when the object is above the
horizontal level is called the angle of elevation.

The angle formed by the line of sight with the horizontal when the object is below the
horizontal level is called the angle of depression.

4. The height of an object or the distance betw
the help of trigonometric ratios.

pointin the object where the person is

I
:

E.-J

een distant objects can be determined with




