Heights and Distances

_14'

LINE OF SIGHT When an observer looks from a point O at an object P then the line
OP is called the line of sight.

ANGLE OF ELEVATION

Suppose that from a point O, you look up at an
object P, placed above the level of your eye. Then,
the angle which the line of sight makes with
the horizontal line through O is called the angle
of elevation of P, as seen from O.

o Horizontal line X

Example Let OX be a horizontal line on the level ground and let a
person at O be looking up towards an object P, say an
aeroplane or the top of a tree or the top of a tower or a flag at
the top of a house.

Then, ZXOP is the angle of elevation of P from O.

ANGLE OF DEPRESSION

Horizontal line

Now, suppose that from a point O, you A
look down at an object P, placed below
the level of your eye.

Then, the angle which the line of
sight makes with the horizontal line
through O is called the angle of
depression of P, as seen from O.

SOLVED EXAMPLES

EXAMPLE1 A wvertical pole stands on the level ground. From a point on
the ground, 25 m away from the foot of the pole, the angle of
elevation of its top is found to be 60°. Find the height of the pole.
[Take~/3 =1.732.]

SOLUTION  Let ABbe the pole standing on a level ground and let O be the
position of the observer. Then, OA =25 m, ZOAB = 90° and
ZAOB = 60°.
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Let AB = h metres. B
From the right AOAB, we have
gij = tan 60° = ﬁ h metres
h
= =3 /) O
25 o) 25m A

= h=25x~3=25x1.732=433.

Hence, the height of the pole is 43.3 m.

A kite is flying, attached to a thread which is 165 m long. The thread
makes an angle of 30° with the ground. Find the height of the kite
from the ground, assuming that there is no slack in the thread.

Let OX be the horizontal ground and let A be the position of
the kite. Let O be the position of the observer and OA be the
thread. Draw AB 1 OX.

Then, ZBOA = 30°,0A =165 m and ZOBA = 90°.

Height of the kite from the ground = AB.

Let AB = h metres. A
From right AOBA, we have A0
h metres

AB . 1
—— =gin 30° = — 30° -
OA fe) B X
L 2185 g5
165 2 2

Hence, the height of the kite from the ground = 82.5 m.

The length of a string between a kite and a point on the ground is
85 m. If the string makes an angle © with the ground level such that
tan 6 = 15/8 then find the height of the kite from the ground. Assume
that there is no slack in the string. [CBSE 2014]
Let OX be the horizontal A
ground and let A be the

position of the kite. Let O be 3>

the position of the observer

and OA be the string. Draw 0

ABLOX. 0 B X

Then, ZBOA =0 such that A
tanezg, OA =8>m and 6@/ 15
A

hm

Z0OBA =90°. 8
Let AB = h metres.
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From right AOBA, we have
ﬁ=Sir19=E [ tan6=E:>sin6=E}
OA 17 8 17
h _15 15

—=—=h=—x85=75.

85 17 17

Hence, the height of the kite from the ground is 75 m.

A ladder 15 m 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.
[CBSE 2013]

Let OX be the horizontal ground and let OA be the ladder

leaning against the wall AB. Then,

OA =15m, ZOAB = 60° and A
ZOBA =90°. 60°
3>
Let AB = h metres. p hm
Now, ZAOB = (90° - 60°) = 30°. =
From right AOBA, we have  © B X
£=sin30°=l:>£=l
OA 2 15 2

= h:15><%:7.5.

Hence, the height of the wall is 7.5 metres.
If a tower 30 m high, casts a shadow 103 m long on the ground,

then what is the angle of elevation of the sun? [CBSE 2017]
Let AB be the pole and let AC be its shadow.
Let the angle of elevation of the sun be 6°. %;é
Then, ZACB =6, ZCAB = 90°, Sun

AB=30mand AC =103 m. ;
From right ACAB, we have

AB 30 30m
tan 6 = ac = 1073 =3

= 0=60°. ¢ 10¥8m A

Hence, the angular elevation of the sun is 60°.

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 find the height of
the lamp-post.



SOLUTION

EXAMPLE 7

SOLUTION

Heights and Distances 615

Let AB be the lamp-post and CD be the girl.
Let CE be the shadow of CD. Then,
CD=15m,CE=45mand AC =3m.

Let AB = h metres. B

Now, AAEB and ACED are similar. D
AB_CD  h 15 1 o
AE CE ~(3+45) 45 3 15m

:hz%x7.5=2.5. £ ooemoCosmoA

Hence, the height of the lamp-post is 2.5 metres.

The shadow of a tower, when the angle of elevation of the sun is 45°,
is found to be 10 metres longer than when the angle of elevation is
60°. Find the height of the tower. [Given v/3 =1.732.]

Let AB be the tower and let AC and AD
be its shadows when the angles of
elevation of the sun are 60° and 45°
respectively.

ZACB=60°, ZADB = 45°,
/DAB=90° and CD =10 m.
Let AB = h metres and AC = x metres.

From right ACAB, we get 45° 60° [

AC 1 D 10m C xmetres A
—— =cot60°=—=

AB J3

X 1 h .

zzﬁﬁJC:ﬁ' (1)
From right ADAB, we get

AD _ orago =1 = X100 _
AB

h metres

1

= x+10=h=x=h-10. ... (i)
Equating the values of x from (i) and (ii), we get

h — — e — —_— =
ﬁ_h 10 = h=~/3h-10V3 = (/3 -1)h =103
b 104/3 _ 1043 ><(ﬁﬂ)

3-1) |G3-1) 3+1)

=53(/3+1) =15+5/3
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= h=(5+5x%x1.732) =(15+ 8.66) = 23.66.
Hence, the height of the tower is 23.66 m.

SUN'S ALTITUDE The angle of elevation of the sun from the earth is called the
sun’s altitude.

The sun’s altitudes are different at different times of the day.

EXAMPLE 8

SOLUTION

EXAMPLE 9

SOLUTION

A tower is 50 m high. Its shadow is x metres shorter when

the sun’s altitude is 45° than when it is 30°. Find the value of x.

[Given /3 =1.732.]

Let PQ be the tower and let PA and PB be its shadows when

the altitudes of the sun are 45° and 30° respectively. Then,
ZPAQ =45°, ZPBQ = 30°, ZBPQ = 90°, PQ =50 m.

Let AB = x metres.

Q

From right AAPQ, we have

£2C0t45°=1 50 m

PQ

500 45°

Aipzl = AP =50m. B xm A 5m P

50 m
From right ABPQ, we have

X0 _ 3 o x=50(43-1).

E=Cot 30°=/3 =
PQ

= x=50(1.732-1) =(50 % 0.732) = 36.6
Hence, x = 36.6.

The shadow of a tower standing on a level ground is found to be 30 m
longer when the sun’s altitude is 30°, than when it was 60°. Find the

height of the tower. [Take /3 =1.732.] [CBSE 2012]
Let AB be the tower and let AC B
and AD be the lengths of its
shadows when ZACB = 60° and hm
ZADB = 30°.
Let AB = h metres, and 30° 60°
AC = x metres. D 30m C xm A
From right ACAB, we have

AC 1 x 1

T =cotb0°=——==>"=——

AB ho V3

Sl= &
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From right ADAB, we have
Q:cot 3O°:\/§:>x+30:\/§
AB h
= x=(~/3h-30). ... (ii)
Equating the values of x from (i) and (ii), we get
h

ﬁ:(ﬁh—%):h:%—?ﬁﬁ

= 2h=30V3 = h=15+3 =(15x1.732) = 25.98.
Hence, the height of the tower is 25.98 m.

From a point O on the ground, the angle of elevation of the top of a
tower is 30° and that of the top of the flagstaff on the top of the tower
is 60°. If the length of the flagstaff is 5 metres, find the height of the

tower. [ CBSE 2015]
Let AB be the tower and BC be the C
flagstaff.
Let O be a point on the ground such
that ZAOB = 30° and ZAOC = 60° om
BC =5m (given).
Let AB = h metres and OA = x metres. B
From right AOAB, we have hm

%:cotBO":ﬁzE:ﬁ 600

AB h o) xm A

= x = h/3. . (i)

From right AOAC, we have

OA o 1

ac = cot60°= 7

X _ 1 _h5

Equating the values of x from (i) and (ii), we get

hfzwz 3h=h+5 = 2h=5 = h=25.
J3

Hence, the height of the tower is 2.5 metres.

Two pillars of equal heights stand on either side of a road which is
100 m wide. At a point on the road between the pillars, the angles of
elevation of the tops of the pillars are 60° and 30°. Find the height of
each pillar and position of the point on the road. [Take~/3 = 1.732.]
[CBSE 2011, °13]
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Let AB and CD be two pillars, each of height & metres and let
AC be the road such that AC =100 m.

Let O be the point of observation on AC.

Let OA = x metres and OC = (100 — x) m.

Also, ZAOB = 60° and ZCOD = 30°.

AB L ACandCD L AC. i >

From right AOAB, we have

hm
AB =tan 60°=+/3 607 30°
OA A xm O (100 —x) m (e}
= ﬁ:\/g:;,h:ﬁx, )
X
From right AOCD, we have
CD 1
—— =tan 30°= —
oC V3
h 1 (100 — x) ..
_— e = h = .11
(100—x) /3 V3 (1)

Equating the values of /i from (i) and (ii), we get

ﬁxz%: 3x = (100 - x) = 4x =100 = x = 25.

Putting x = 25 m in (i), we get

h=(25x~/3) = (25%1.732) = 43.3.
Hence, the height of each pillar is 43.3 m and the point of
observation is 25 m away from the first pillar.

The angle of elevation of an aeroplane from a point on the ground is
60°. After a flight of 15 seconds, the angle of elevation changes to 30°.
If the aeroplane is flying at a constant height of 1500+/3 m, find the
speed of the plane in km /hr. [CBSE 2015]
Let OX be the horizontal ground and let O be the point of
observation. Let A and Bbe the two positions of the aeroplane.
Let AC L OX and BD 1 OX.Then,

Z/COA = 60°, /DOB = 30°
and AC = BD =1500+/3 m.

From right AOCA, we have
oc = cot 60°= 1 -
AC V3 X
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oc €L = OC =1500 m.

15003 3
From right AODB, we have

D _ ot300=43 P
BD 1500+/3 m

= OD = (1500 x 3) m = 4500 m.
CD = (0D - OC) = (4500 — 1500) m = 3000 m.

Thus, the aeroplane covers 300 m in 15 seconds.
3000 , 60 60) km/hr

=

15 1000
=720 km/hr.
Hence, the speed of the aeroplane is 720 km/hr.

speed of the aeroplane = [

The angles of elevation and depression of the top and bottom of
a tower from the top of a building 60 m high are 30° and 60°
respectively. Find the difference between the heights of the building
and the tower and also the distance between them. [CBSE 2013C, "14]
Let ABbe the tower and CD be the building. Then, CD = 60m.

Let CAX be the horizontal ground. B
Draw DE 1. AB.Now, ZEDB = 30° hm

and ZCAD = ZADE = 60°. 500
D E
Also, AE=CD = 60 m. 60°

Let BE = h metres.

From right AACD, we have

A = cot60°= €
D

V3

o €A 1 a9
60m 3 V3

From right AEDB, we have 607 Y

C A X
%:cot30°:\/§:>§:\/§
BE hm

60 m

()

= DE =h/3 m. ... (ii)
But, CA =DE.
from (i) and (ii), we get
60

— =hJ3 = 3h=60= h=20.
J3
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Hence, the difference between the heights of the tower and the
building is 20 metres.

o 3
V33
Hence, the distance between the tower and the building is
20v/3 m.
A man on a cliff observes a boat at an angle of depression of 30°
which is approaching the shore to the point immediately beneath the
observer with a uniform speed. Six minutes later, the angle of
depression of the boat is found to be 60°. Find the total time taken by
the boat to reach the shore. [CBSE 2014]
Let AB be the cliff with the man at B. B
Let C and D be the two positions of .
the boat approaching the shore at A.
Then,

ZACB = 30° and ZADB = 60°.

Let AB=h metres, CD = x metres
and DA = y metres.

From (i), we get CA = ( j m = 20~/3 metres.

From right ADAB, we have
AD 1 y 1 h .
T =cotbl ==t ==Y = ——- (1
AB B on 43 7773 ®
From right ACAB, we have

%:cot30°:\/§z%:\/§:x+y:h\/§. ... (ii)

On subtracting (i) from (ii), we get

xz(hﬁ_\%szzjg. ... (iif)
From (iii) and (i), we get
2h  h
xXiy=—:—==2:1.
ENERNE

Let the time taken to cover y units be ¢ minutes. Then,

ratio of distances = ratio of times taken to cover them.
So, 2:1=6:t:>%=§:>2t=6:>t= 3.

Thus, the boat takes 3 minutes to cover the distance DA.

Hence, the total time taken by the boat to reach the shore is
(6 + 3) minutes = 9 minutes.
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Observed from the top of a 75-m-high lighthouse (from sea level), 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 ships. (Use J3 = 1.73.) [CBSE 2014]
Let AB be the lighthouse and C and D be the positions of two
ships. Then,

AB=75m, ZACB = 30°
and ZADB = 45°.
Let CD = x metres.

From right ADAB, we have

A—D = cot45° =1
AB

AD 4 AD=75m.
75 m

From right ACAB, we have
cA_ cot30°=+/3 = XA _ V3
AB 75

= x+75=75J3 = x=75(-/3-1)=75(1.73-1)
= x=(75x0.73) =54.75.
Hence, the distance between the ships is 54.75 metres.

Two ships are approaching a lighthouse from opposite directions. The
angles of depression of the two ships from the top of a lighthouse are
30° and 45°. If the distance between the two ships is 100 metres, find
the height of the lighthouse. (Use /3 =1.732.) [CBSE 2014]
Let AB be the lighthouse and C and D be the positions of the
two ships.

Then, ZACB = 30° and LADB = 45°.

Let AB = h metres, CA = x metres.

Then, AD = (100 — x) m.

From right ABAD, we have

A—D = cot45° =1
AB
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(100 - x)

. =1 = x=(100-h). .. (1)
From right ABAC, we have
%%:cmmP=J§=:%=J§::x:hJ§ ... (ii)

Equating the values of x from (i) and (ii), we get
100 —h = h/3 = h(~/3 +1) = 100
100 _(W3-1)
- X =50(+/3 -1
{(\/§+1) (ﬁ—l)} ( )
= h=50(1.732-1) = (50 x 0.732) = 36.6.
Hence, the height of the lighthouse is 36.6 m.

From the top of a lighthouse, the angles of depression of two ships on
the opposite sides of it are observed to be o. and B. If the height of the
lighthouse be h metres and the line joining the ships passes through
the foot of the lighthouse, show that the distance between the ships is
h(tan o + tan B)

metres. [HOTS]
tan o tan B
Let AB be the lighthouse and C and D be the positions of the
two ships. Then, AB = h metres. B

Clearly, ZACB = o.and ZADB = .
Let AC = x metres and

AD = y metres.

From right ACAB, we have c x A Y D
£=cot0t:>3=cotoc = x=hcot . (1)
AB h

From right ADAB, we have
AD y .
—=cotf = Z=cotf = y=hcotf. ...
"5 ocotB = Yocotp = y=heotp ()

Adding the corresponding sides of (i) and (ii), we get

x+y:h(cotoc+cot[3):h( ! + L J
tano  tanf

_ h(tan o+ tan f) '

= x+
4 tan o tan

h(tan o+ tan B) m

Hence, the distance between the ships is
tan o tan
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The angle of elevation of a cloud from a point h metres above a lake is
o and the angle of depression of its reflection in the lake is . Prove

that the height of the cloud is H(ten B+ tan &)

metres. [HOTS]
(tan B — tan o)

[CBSE 2008]
Let AB be the surface of the lake and let P be a point vertically
above A such that AP = h metres.

Let C be the position of the cloud and c
let D be its reflection in the lake.

Draw PQ L CD. Then, peid Q
ZQPC =0, ZQPD =8,
BQ = AP = h metres. -

Let CQ = x metres. Then, A B I
BD = BC = (x + h) metres.

From right APQC, we have
PQ PQ

—=cotat > ——=cota +
C X m D

hm hm

= PQ = xcot 0. metres. ... (1)

From right APQD, we have
E = Cot B = &
QD (x+2h) m

= PQ =(x+2h) cot B metres. ... (i)

= cot B

From (i) and (ii), we get
xcoto = (x+2h)cot

= x(coto—cotP)=2hcotp = «x P _ 1 = 2h
tano  tan tan

tan B —tan o 2h 2htan o
= x = > x=——
tan o + tan B tan B (tan B — tan o)

height of the cloud from the surface of the lake
=(x+h) = {M‘O‘)+h} m

(tan B —tan o

h(tan o + tan B)
=————— " metres.
(tan B — tan o)
The angle of elevation of a cloud from a point 60 m above the surface
of the water of a lake is 30° and the angle of depression of its shadow
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in water of lake is 60°. Find the height of the cloud from the surface
of water. [CBSE 2010, '15, '17]

Let AB be the surface of the lake and let P be a point vertically
above A such that AP = 60 m.

Let C be the position of the cloud and let c
D be its reflection in the lake.
Xxm

Draw PQ L CD. Then, o 150 o

ZQPC = 30°, ZQPD = 60° -

QPC = 30°%, 2Q 60%, 60 m 60 m

BQ = AP = 60m. R 5
Let CQ = x metres. Then,

BD = BC = (x+60) m.
From right APQC, we have Gy eom

o = cot 30°=+/3

cQ D
= Q:ﬁ:PQ:xﬁm. ..(0)

X m
From right APQD, we have

PQ _ cot 60°= €

QD V3

PQ 1 (x+120) .
— == P = —m o

(x+60+60)m /3 e V3 )

Equating the values of PQ from (i) and (ii), we get
(x+120)
w3 = 8120
V3

= 3x=x+120=2x=120 = x = 60.
height of the cloud from the surface of the lake
= BC =(60+x) m = (60 + 60) m =120 m.

Hence, the height of the cloud from the surface of the lake is
120 metres.

A round balloon of radius r subtends an angle o. at the eye of the
observer while the angle of elevation of its centre is 3. Prove that the
height of the centre of the balloon is

. o
(r sin B cosec E) [HOTS]

Let us represent the balloon by a circle with centre C and
radius r. Let OX be the horizontal ground and let O be the
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point of observation. From O, draw tangents OA and OB to the
circle. Join CA, CB and CO. Draw CD 1 OX.

ZLAOB =0, £DOC =} and
ZAOC = /BOC = %

From right AOAC, we have

ocC o
—— = cosec—
2

AC

ocC o .
= —— = cosec— >

’ X
o .

= 0OC= rcosec5~ .. ()
From right AODC, we have

CD

E=Sin[3 = CDZ(OC)XSIHB

= CD =rsin Bcosec% [using (i)].

Hence, the height of the centre of the balloon from the ground

L o
is rsin P cosec5~

A boy whose eye level is 1.3 m from the ground, spots a balloon
moving with the wind in a horizontal line at some height from the
ground. The angle of elevation of the balloon from the eyes of the boy
at an instant is 60°. After 2 seconds, the angle of elevation reduces to
30°. If the speed of the wind is 29+/3 m/s then find the height of the

balloon from the ground. [HOTS] [CBSE 2009C]
Let AB be the position of the boy C_5V3m D

and AX be the horizontal

ground. Let C and D be the 607

two positions of the balloon. g L130° N
Draw CL L AX, DM L AX and | *" |°

BN 1 DM, intersecting CL at P. A L M X

Then, ZCBN = 60° and ZDBN = 30°.
Distance covered by the balloon in 2 seconds
=(29+/3 x2) m =583 m.
CD =583 m.
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Let BP = x metres. Then,

BN = (BP + PN) = (BP +CD) = (x +58+/3) m and DN = CP.

From right ABND, we have

DN 1
——=tan 30°=—
V3

DN 1 ~
(x+58\/§)m_ﬁ = DN = V3

From right ABPC, we have
Cr_ tan 60° =+/3
BP

cp =3 = CP=(x/3)m.
Xm
Now, DN = CP (x+58V3) _ (x4/3)

NE)

= (3x—x)=58/3 = 2x=58/3 = x=29/3.

From (ii), we get

CP =(29/3 x+/3) m = (29 3) m = 87 m.
height of the balloon from the ground

(x+58+/3) .

. (id)

=CL=CP+PL=CP+AB=87m+1.3m=2883m.
Hence, the height of the balloon from the ground is

88.3 metres.

An aeroplane when flying at a height of 3000 metres from the ground
passes vertically above another aeroplane at an instant when the
angles of elevation of the two planes from the same point on the ground
are 60° and 45° respectively. Find the vertical distance between the

aeroplanes at that instant. [Take V3 =1.73]

Let O be the point of observation. Let A
and B be the positions of the two planes at
the given instant when A is vertically
above B.

Let AB when produced meet the ground
atC.

Then, ZCOA = 60°, ZCOB = 45°,
Z0OCB = Z0CA =90° and AC = 3000 m.

Let AB = x metres. Then, BC = (3000 — x)m. 45°6%° ]
0 c

[CBSE 2008]

A

xm

w

(3000 —x) m
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From right AOCB, we have

% =cot45°=1 > 7(300(?_2() o =1
= OC =(3000 - x) m. . (i)
From right AOCA, we have

ocC 1 ocC 1

e —cot60° = > =
AC J3 7 3000m /3

3000 /3
= OC=|>—x>= | m=1000v/3 m. .. (i
(22 ] (i
From (i) and (ii), we get
(3000 — x) = 1000v/3
= x=(3000-1000,/3) = (3000 -1000 x1.73)
= (3000 —1730) = 1270.

Hence, the required distance between the two aeroplanes is
1270 metres.

A man standing on the deck of a ship, which is 10 m above the water
level, 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 . Find the distance of
the hill from the ship and the height of the hill. [CBSE 2006, '10]

Let AB be the deck and CD be the hill. D
Let the man be at B.
Then, AB=10m.
Let BE L CD and AC L CD.
Then, ZEBD = 60° and £LEBC = 30°.
ZACB = ZEBC = 30°.
Let CD = h metres. 60°
Then, CE=AB=10m and 30
ED =(h-10) m. 30°
From right ACAB, we have

(h—10)m

£=c0t30°= 3:>£=\/§
AB 10 m

= AC=10/3m. . (i)
BE=AC =10/3 m.
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From right ABED, we have
DE h-10
— =tan60°=+v3 = —==+/3 ing (i
BE " 1043 Lusing (i)

= h-10=30= h=40.
Hence, the distance of the ship from the hill is 10+/3 metres and
the height of the hill is 40 metres.

From a window (h metres high above the ground) of a house 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 © and ¢
respectively. Show that the height of the opposite house is
h(1+ tan 6 cot ¢) metres. [CBSE 2006]

Let AB be the house with window at B and let CD be the
another house. Then, AB = h metres.

D
Draw BEIl AC, meeting CD at E. Then, c
ZEBD =0 and ZACB = ZEBC = ¢. =
Let CD = H metres. Then, A <
CE = AB = h metres and ° \@’\ E
ED =(H—-h)m. | N =
From right AACB, we have A AR c
AC _ cotdp = % =cot¢ = AC = hcotd metres.
From right ABED, we have
H-h
%=tan6 = ( )=tan9 [ BE=AC = hcot¢ m]
BE hcoto

= (H-h)=htan6 cot ¢

= H =h(1+tan® cot ¢).

Hence, the height of the opposite house is h(1 + tan 6 cot ¢)
metres.

From the top of a building 60 m high, the angles of depression of the
top and bottom of a tower are observed to be 30° and 60°. Find the

height of the tower. [CBSE 2005]
Let AB be the building and CD 13507 B
be the tower such that 60°

/BDE = 30°, £ZBCA =60° and

AB=60m. D ~730° Ce

Let CA = DE = x metres.
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From right ACAB, we have
%:cotm":%
%:% = x=60x%

= x=60><\/1§x\/\/§=20x/§

= CA=DE=20/3m. .. (i)
From right ABED, we have

BE _ tan 30° = ! = BE _ 1 [using (i)]
DE V3m T 2043m 3 &

1
= BE=20J3X——m=20m.
J3
CD = AE = AB—BE = 60 m — 20 m — 40 m.

Hence, the height of the tower is 40 m.

The angle of elevation of a jet plane from a point A on the ground is
60°. After a flight of 30 seconds, the angle of elevation changes to
30°. If the jet plane is flying at a constant height of 3600~/ 3 metres,

find the speed of the jet plane. [CBSE 2008]
Let A be the point of observation and let AX be a horizontal
line through A and QC L AX. Let P and Q be the two positions
of the plane. Let PBL AX.

P
|
I
\
\
|
I

A B c X
Then, PB = QC = 3600~/3 m, ZBAP = 60° and ZBAQ = 30°.
From right AABP, we have

ﬁ—cot60°—iz>7AB —L
BP J3 T 3600v3m /3
1
= AB= 36003 X —m = 3600 m. G
73 @

Let BC = PQ = x metres.
Then, AC = AB+ BC = (x+ 3600) m [using (i)].
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From right AACQ, we have

x+ 3600
x+3600 _ 3
36003

= x4+ 3600 = (3600 x 3) = 10800

= x=10800- 3600 = 7200.

Thus, PQ =7200 metres.

Now, 7200 m is covered in 30 seconds.

speed of the jet plane = (@ X 60 60
30 1000

=864 km/hr.
Hence, the speed of the jet plane is 864 km/hr.

The angle of elevation of a jet fighter from a point A on the ground is
60°. After a flight of 15 seconds, the angle of elevation changes to 30°.
If the jet is flying at a speed of 720 km/hour, find the constant
height at which the jet is flying. [Use /3 = 1.732.] [CBSE 2008]
Let O be the point of observation on the ground OX.

AC = cot 30°=+3 =
cQ

jkm/hr

Let A and B be the two positions of the jet.

Then, ZXOA = 60° and £XOB = 30°.

Draw AL 1 OX and BM 1 OX. A B
Let AL = BM = h metres.
Speed of the jet hm hm

5 60°
=|720x— |m/s .
( 18) / 30

O xm L 3000 m M X

=200m/s.
Time taken to cover the distance AB=15s.

Distance covered = speed X time
=200m/sx 15s
=200 x15m = 3000 m.

LM = AB = 3000 m.

Let OL = x metres.

From right AOLA, we have
OL 1
— =cot 60° = —
AL V3
= b :>x——}Z : i)
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From right AOMB, we have
oM _ cot 30°=+/3
BM

(x+ 3000)
h
Equating the values of x from (i) and (ii), we get

i:hﬁ— 3000 = h = 3k — 3000+/3

J3
= 2h= 30003 = h =1500+/3 = 1500 x 1.732 = 2598.
Hence, the required height is 2598 m.

=./3 = x=(hJ/3 - 3000). ... (ii)

A 1.2-m-tall girl spots a balloon moving with the wind in a
horizontal line at a height of 88.2 metres from the ground. The angle
of elevation of the balloon from the eyes of the girl at any instant is
60°. After some time, the angle of elevation reduces to 30°. Find the
distance travelled by the balloon during the interval.

Let AB be the position of the girl and AX be the horizontal
ground. Let C and D be the two positions of the balloon.

Draw CL1 AX,DM 1 AX and BN L DM, intersecting CL at P.

c D
60°
B £150°
5 N
1.2m
A L M X

Then, ZCBP = 60°, ZDBN = 30°, AB=PL=NM =12 m and
CL =DM =882 m.

CP=882m-12m=87 m.

From right ABPC, we have

BP 1 BP 1 87 m
2 =cotb0°=—— = = = BP=""_
CP J3 T8 m 3 V3
87 m /3

=2 %22 -29/3m.

NEERNE]

From right ABND, we have

BN _ ia0oe /3 o BPHPN _
DN Cp

BP

2943 m+CD

=43 [ PN=CD and DN =CP]
87 m
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= 29V/3m+CD =873 m

= CD =873 m-29v/3 m=>58/3m.

Hence, the required distance travelled by the balloon is
58+/3 m.

A tree breaks due to storm and the broken part bends so that the top of
the tree touches the ground making an angle 30° with it. The distance
between the foot of the tree to the point where the top touches the
ground is 9 m. Find the height of the tree.

Let AB be the original height of the tree.
Suppose it got bent at a point C and let the
part CB take the position CD, meeting the
ground at D. Then,

AD =9m, ZADC = 30° and CD = CB.
Let AC = x metres and CD = CB = y metres.
From right ADAC, we have

AD 3T 9 3
9 9 3

= X=— = x=——=x-——=33.
V3 NERRE]

Also, from right ADAC, we have
CD 2 y_ 2
——=sec30°=—= = L=—
AD 39 3

18 18 /3

DRI RN

AC =3J3mandCB=6v/3m.
Total height of the tree = 3v/3 m + 6+/3 m = 9v/3 metres.

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 30 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. [Take \/3 =1.732] [CBSE 2008C]
Let AB be the tree and AC be the river.

Let C and D be the two positions of the person.

Then, ZACB = 60°, ZADB = 30°, ZDAB = 90° and CD = 30 m.

Let AB = h metres and AC = x metres.
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From right ACAB, we have B
Ac = cot 60° = L
AB J3 h metres
2_L -t )
—_— = —— = ——" . 30° 60°
h \/E \/g D 30m C x metres A
From right ADAB, we have

chot 30°=+/3
AB

x+h30=ﬁ:>x:ﬁh—3o. (i)

Equating the values of x from (i) and (ii), we get

N Bh-30 = h=3h—303

J3
= 2h=30J3 = h=15J3 =15x1.732 = 25.98.
Putting /1 = 15+/3 in (i), we getx:%zﬁ.

Hence, the height of the tree is 25.98 m and the width of the
river is 15 metres.

The angles of elevation of the top of a tower from two points on the
ground at distances a metres and b metres from the base of the tower
and in the same straight line are complementary. Prove that the

height of the tower is \ab metres. [HOTS] [CBSE 2000C, '05C]

Let AB be the tower and let C and D be the two positions of the
observer. Then,

B
AC = ametres and AD = b metres. "
(]
Let ZACB = 6. Then, ZADB = (90°-0). ‘é
Let AB = h metres. 90°— 0| <
0
From right ADAB, we have c (a-bym D A
AB h ‘b metres‘
—— =tan (90°-0) = — = cot 0 -~ ——
AD ( ) b I a metres |
= h=btan 6. -+ (1)
From right ACAB, we have
ﬁ:tamezﬁz’came:zh:a’came. -+ (ii)
AC a

From (i) and (ii), we get h* =ab = h=/ab.
Hence, the height of the tower is \/E metres.
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A boy standing on a horizontal plane finds a bird flying at a distance
of 100 m from him at an elevation of 30°. A girl standing on the roof
of a 20-m-high building, finds the angle of elevation of the same bird
to be 45°. The boy and the girl are on the opposite sides of the bird.
Find the distance of the bird from the girl. [Given~/2 = 1.41.] [HOTS]

[CBSE 2007]

Let O be the position of the bird, B be the position of the boy
and FG be the building at which G is the position of the girl.

Let OL BF and GM OL. Then, o

BO =100 m, ZOBL = 30°,
FG =20 m and ZOGM = 45°. O NG
From right AOLB, we have 30°
OL 1 B L F

OL _gingpe » 9L -1
BO 100m 2

= OL =100 mX%zSOm.

OM =0OL-ML=0OL-FG=50m-20m = 30 m.

From right AOMG, we have
oM . 1
——=sin45°=—= = O0G=+42xXOM=+2x30m
oG N2

= O0G=30x141m=423 m.
Distance of the bird from the girl = 42.3 m.

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. [HOTS]

Let ABbe the building and let CD and EF be the two positions
of the boy. Draw DFG Il CEA. Then,

CD =EF =15 m, £ZGDB = 30° and ZGFB = 60°,
AB=30m,GB=30m-15m=285m.
From right ADGB, we have

DG _ or30° = DS 3 5p6=T
GB 28.5m

From right AFGB, we have
FG FG 1 57

— =cot 60° = FG =

= =
GB 285m /3

— M.
24/3
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C E A
5743 57 171—57)
DF =DG-FG = - =
( 2 zﬁ]m ( 23 )"
_ 114 57 me57 B 10/Fm

=—m=-—"=m=-—=X
2B T BT BT
Hence, the required distance is 19+/3 m.

EXERCISE 14

. A tower stands vertically on the ground. From a point on the ground
which is 20 m away from the foot of the tower, the angle of elevation of
its top is found to be 60°. Find the height of the tower. [Take+/3 =1.732.]

. A kite is flying at a height of 75 m from the level ground, attached to a
string inclined at 60° to the horizontal. Find the length of the string,
assuming that there is no slack in it. [Take V3 =1.732]

. An observer 1.5 m tall is 30 m away from a chimney. The angle of
elevation of the top of the chimney from his eye is 60°. Find the height
of the chimney. [CBSE 2013C]

. The angles of elevation of the top of a tower from two points at
distances of 5 metres and 20 metres from the base of the tower and in
the same straight line with it, are complementary. Find the height of
the tower. [CBSE 2014]

. The angle of elevation of the top of a tower at a distance of 120 m from a
point A on the ground is 45°. If the angle of elevation of the top of a
flagstaff fixed at the top of the tower, at A is 60°, then find the height of
the flagstaff. [Use +/3 = 1.732.] [CBSE 2014]

. 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
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the top of a water tank (on the top of the tower) is 45°. Find (i) the height
of the tower, (ii) the depth of the tank.

. A vertical tower stands on a horizontal plane and is surmounted by a

vertical flagstaff of height 6 m. At a point on the plane, the angle of
elevation of the bottom of the flagstaff is 30° and that of the top of the
flagstaff is 60°. Find the height of the tower. [Use /3 = 1.732.](CBSE 2011]

. A statue 1.46 m tall, stands on the top of a 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. [Use J3 = 1.73.] [CBSE 2008]

. The angle of elevation of the top of an unfinished tower at a distance of

75 m from its base is 30°. How much higher must the tower be raised
so that the angle of elevation of its top at the same point may be 60°?
[Take /3 =1.732.]

On a horizontal plane there is a vertical tower with a flagpole 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 flagpole are 60° and 30°
respectively. Find the height of the tower and the flagpole mounted
on it. [Take +/3 =1.73] [CBSE 2005]

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 P between them on
the road, the angle of elevation of the top of one pole is 60° and the
angle of depression from the top of another pole at P is 30°. Find the
height of each pole and distances of the point P from the poles.

[CBSE 2015]

Two men are on opposite sides of a tower. They measure the angles of
elevation of the top of the tower as 30° and 45° respectively. If the
height of the tower is 50 metres, find the distance between the two men.
[Take V3 =1.732.]

From the top of a tower 100 m high, a man observes two cars on the
opposite sides of the tower and in same straight line with its base,
with angles of depression 30° and 45° respectively. Find the distance
between the cars. [Take /3 =1.732.] [CBSE 2011, '17]

A straight highway leads to the foot of a tower. A man standing on the
top of the tower observes a car at an angle of depression of 30°, which is
approaching the foot of the tower with a uniform speed. Six seconds
later, the angle of depression of the car is found to be 60°. Find the time
taken by the car to reach the foot of the tower form this point.

[HINT See Solved Example 14.]
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A TV tower stands vertically on a bank of canal. From a point on the
other bank directly opposite the tower, the angle of elevation of the top
of the tower is 60°. From another point 20 m away from this point on the
line joining this point to the foot of the tower, the angle of elevation of
the top of the tower is 30°. Find the height of the tower and the width of
the canal.

The angle of elevation of the top of a building from the foot of a tower is

30°. The angle of elevation of the top of the tower from the foot of the

building is 60°. If the tower is 60 m high, find the height of the building.
[CBSE 2013]

The horizontal distance between two towers is 60 metres. The angle of
depression 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 90 metres, find
the height of the first tower. [Use /3 = 1.732.]

The angle of elevation of the top of a chimney from the foot 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 metres, find the height
of the chimney.

According to pollution control norms, the minimum height of a smoke-
emitting chimney should be 100 metres. State if the height of the above-
mentioned chimney meets the pollution norms. What value is
discussed in this question? [CBSE 2014]

From the top of a 7-metre-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 height of the tower. [Use V3 =1732] [CBSE 2017]

The angle of depression from the top of a tower of a point A on the
ground is 30°. On moving a distance of 20 metres from the point
A towards the foot of the tower to a point B, the angle of elevation of the
top of the tower from the point B is 60°. Find the height of the tower and
its distance from the point A. [CBSE 2012]

The angle of elevation of the top of a vertical tower from a point on the
ground is 60°. From another point 10 m vertically above the first, its
angle of elevation is 30°. Find the height of the tower. [CBSE 2011]

The angles of depression of the top and bottom of a tower as seen from
the top of a 60+/3-m-high cliff are 45° and 60° respectively. Find the
height of the tower. [CBSE 2012]

A man on the deck of a ship, 16 m above water level, observes that the
angles of elevation and depression respectively of the top and bottom
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of a cliff are 60° and 30°. Calculate the distance of the cliff from the ship
and height of the cliff. [Take +/3 = 1.732.] [CBSE 2007C]

The angle of elevation of the top Q of a vertical tower PQ from a point X
on the ground is 60°. At a point Y, 40 m vertically above X, the angle of
elevation is 45°. Find the height of tower PQ. [Take V3 =1.73]

[CBSE 2003C]

The angle of elevation of an aeroplane from a point on the ground is 45°.
After flying for 15 seconds, the elevation changes to 30°. If the aeroplane is
flying at a height of 2500 metres, find the speed of the aeroplane.

The angle of elevation of the top of a tower from a point on the same
level as the foot of the tower is 30°. On advancing 150 m towards the
foot of the tower, the angle of elevation becomes 60°. Show that the
height of the tower is 129.9 metres. [Given J3=1.732] [CBSE 2006C]

As observed from the top of a lighthouse, 100 m above sea level, the
angle of depression of a ship, sailing directly towards it, changes from
30° to 60°. Determine the distance travelled by the ship during the
period of observation. [Use J3 = 1.732.] [CBSE 2004, '08C]

From a point on a bridge across a river, the angles of depression of the
banks on opposite sides of the river are 30° and 45° respectively. If the
bridge is at a height of 2.5 m from the banks, find the width of the river.
[Take /3 =1.732]

The angles of elevation of the top of a tower from two points at
distances of 4 m and 9 m from the base of the tower and in the same
straight line with it are complementary. Show that the height of the
tower is 6 metres.

A ladder of length 6 metres makes an angle of 45° with the floor while
leaning against one wall of a room. If the foot of the ladder is kept fixed
on the floor and it is made to lean against the opposite wall of the room,
it makes an angle of 60° with the floor. Find the distance between two
walls of the room. [CBSE 2011]

From the top of a vertical tower, the angles of depression of two cars in
the same straight line with the base of the tower, at an instant are found
to be 45° and 60°. If the cars are 100 m apart and are on the same side of
the tower, find the height of the tower. [CBSE 2011]

An electrician has to repair an electric fault on a pole of height 4 metres.
He needs to reach a point 1 metre below the top of the pole to undertake
the repair work. What should be the length of the ladder that he should
use, which when inclined at an angle of 60° to the horizontal would
enable him to reach the required position? [Use +/3 =1.73]
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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]

A man observes a car from the top of a tower, which is moving towards
the tower with a uniform speed. If the angle of depression of the car
changes from 30° to 45° in 12 minutes, find the time taken by the car
now to reach the tower. [CBSE 2017]

An aeroplane is flying at a height of 300 m above the ground. Flying
at this height the angles of depression from the aeroplane of two points
on both banks of a river in opposite directions are 45° and 60°
respectively. Find the width of the river. [Use V3 =1.732] [CBSE 2017]

From a point on the ground the angles of elevation of the bottom
and top of a communication tower fixed on the top of a 20-m-high
building are 45° and 60° respectively. Find the height of the tower.
[Take +/3 =1.732.] [CBSE 2017]

From the top of a hill, the angles of depression of two consecutive
kilometre stones due east are found to be 45° and 30° respectively.
Find the height of the hill. [CBSE 2017]

If at some time of the day the ratio of the height of a vertically standing
pole to the length of its shadow on the ground is v/3 : 1 then find the
angle of elevation of the sun at that time. [CBSE 2017]

ANSWERS (EXERCISE 14)

1.3464m  2.866m  3.5346m  4.10m  5.87.84m
6.(1)231m (ii)169m  7.3m 8.2m  9.86.6m

10.
11.
12.
17.
22,
27.

5.19m, 10.38 m

20+/3 m; 20 m from left pole and 60 m from right pole

136.6m  13.2732m 14.3seconds 15.10v3m,10m  16.20 m
5536m 18.120m  19.19.12m  20.17.32m,30m 21.15m
43.92m  23.27.71m,64m 24.94.6 m 25.439.2 km/hr
11546 m 28.6.83m  30.7.24 m 31.136.6m  32.3.46m
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33. (i) 34.64 m (ii) 40 m (iii) 20 m 34. 6(~/3 +1) minutes

35.4732m  36.1464m 37. ‘6; L m 38. 60°

HINTS TO SOME SELECTED QUESTIONS

2. Let the length of the string be x metres.

Then, X~ cosec60°= 2
75
2

V3
9
= x=75x_-"— N
J3 & 75m
2 3 ¥

x=75x —_x =

NERRYE)
=504/3. 60° ]

3. Let AB be the chimney and CD be the observer.
Draw DE L AB.
Then, AE=CD =1.5m.
Let AB = x metres. Then, BE =(x — 1.5) m.
ZEDB = 60°.
Also, DE=CA = 30 m.
From right ABED, we have

E =tan 60°
E

(x—15)m

m

1.5m

- x—1.5:\/§.
30

4. ﬂz tan6 = h = tan6
A 5
= h=>5tan®. ... (d)

£=tan(90°—9)=cot9, hm
AD

= 2£0=c0t62 h=20cot6 ... (ii)

Multiplying (i) and (ii), we get
h?* =100tan®x cot® =100 = h = 10.

D
5. Let BC be the tower and CD be the flagstaff and let AB be
the horizontal ground such that AB =120 m, ZBAC = 45° xm
and ZBAD = 60°. Then, c
ﬁztan45°: 1= i: 1= BC =120m.
AB 120 m
Let CD = x metres. Then, So° 120m
@:tan60°:\/§2 120+x:\/§' Find x. 45°
AB 120 A 120 m B
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6. Let BC be the tower and CD be the water tank.
Let A be the point of observation. Then, ZBAC = 30°, ZBAD = 45° and AB = 40 m.

From right AABD, we have

@=tan45°=1: £=1$ BD =40 m.

D
AB 40m
From right AABC, we have
BC 1 BC 1 C
— =tan 30°= ——=> — = ——
AB J3 T 40m 3
= BC=407mz> BC:MX@:Mm.
73 RERANCIE -
30°
403 A 40m

(i) Height of the tower = BC = m=231m.

(ii) Depth of the tank =CD =(BD — BC) = (40 - 23.1) m = 16.9 m.

7. 94 _ot300 = QA - 35 04=1/3m () c
hm
OA OA 1 (h+6) ..
—=cotb0°= —— = = 0A= m. .. (i
AC (h+6)m /3 V3 ) 6m
h+6)
ma="r0 s
V3
= 2h=6=h=3 B
hm
A

(@)

fe— (H-—h)m—=
T
3

9. Let AB be the unfinished tower and let AC be the
complete tower. Let O be the point of observation.
Then, OA =75m, ZAOB = 30° and ZAOC = 60°.

Let AB = h metres and AC = H metres.

ﬂ=tan30° = L:i = h=25{/3m.
OA

75m /3

And, 2€ _tan60° = 3 = H=753m.
OA 75m

Hence, the required heightis(H — h) m = (507/3) m.

|—= —»
3

11. From right APAB, we have B D
ﬁ =tan60°=+/3
AP

= h= x\/g. (1)
From right APCD, we have

CD 1
—— =tan 30°= —
PC J3

A X P (80 —x) Cc

=(80—x)v
J3

= h
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(80 —x)
x/3 = = 3x+x=80
NE)

= 4x=80= x=20
height = 20+/3 m.
P is 20 m from left pole and 60 m from right pole.

12. % =cot 30°=+/3 = AC =504/3 m. ... () B

AD

—— =cot45°=1= AD =50 m. .. (ii)

AB 50 m
Required distance o 45°

=AC + AD=50(+/3 + 1) m é A D
=(50 x 2.732) m = 136.6 m.

13. From right ABAD, we have
£=cot45°=13£:> AD =100 m. B
AB 100 m

From right ABAC, we have

AC AC
2 ot300=3 = 25 L3
A~ ¢ ~ 100m

= AC=(100x1.732) m=173.2m.
distance between the cars
=(173.2+ 100) m =273.2 m.
15. Let AB be the tower and AC be the canal.

B
X 1 h
—=cotb0°=——== x=—+- ¢!
Y 73 N @)
2
(x+20) _ ot 300= f:x (3 = 20). ... i) hm
. .. _ B 30° 60°

From (i) and (ii), we get ﬁ =(h/3 - 20). 5 0m & xm A
h=(3h-203)= 2h=20v3 = h=10v3.

Putting h = 10+/3 in (i), we get x m = 10 m (width of the canal).

16. Let AB be the building and CD be the tower. D

From right AACD, we have
AC_ gl L x_1_ &0

NEREIRE) J3
60 /3 73 B eom
—x—==20
“J3 V3 )

From right ABAC, we have 60° 30°
AB_ el L h_ 1 x AT xm e
AC NERREE L) V3
h= M =20.

g



Heights and Distances 643

17. From right ABED, we have
90-h 1 60

2 T =tan30°=—— = 90-h=——
60 J3 J3
60 3
= 90-h="020,Y3_2y3
NERRE

= h=90-20V3=90-20x 1732
= h=90- 34.64 =55.36.
18. Let ABbe the tower and CD be the chimney.

From right AACD, we have
AC 1 AC 1 h

T =cotb0°=——=>""=__= AC=—-

NET BERNE) 3
From right ACAB, we have

%—cowm J3 = AC =4043.

From (i) and (ii), we get % =404/3 = h=120.

Clearly, the height of the given chimney meets the

pollution norms.

7777777 D
30°
(90 —h)m
B_~130°
60 m E
hm hm
A  60m C

40 m

C

We should comply with the prescribed rules and contribute to the cleanliness of the

environment.

19. Let AB be the building and CD be the cable tower.

Draw BE L CD. LetCD = h metres.
Then,CE=AB=7 mand DE=(h—-7)m.
From right ACAB, we have

£=c0t45° 1= £—1
AB 7m

= AC=7.
BE=AC =7m.

From right ABED, we have
§—tan60° 3$——«/7
BE

o h=7J3+7=7(/3+ 1)_7(1.732+ 1)
= h=(7x2.732)=19.12.

20. From right AAPQ,we have
h 1

x+20_\/§

x+20'

73

From right ABPQ, we have
g:’can60° = ﬁ:\/§ = h=x/3.
PB x

From (i) and (ii), we get

(X\J;;O)—xf:x 10.

& =tan 30° =
PA

= h=

... (id)

D
S
<
|
<
B 60" E
45°
7m 7m
45°
A C

P xm B 20m A



644 Secondary School Mathematics for Class 10

h=10/3=10x 1.732 = 17.32.
Distance AP =(20+ x) m=(20+ 10) m = 30 m.

21. Let the height of the tower be i metres.

From right ACAB, we have

%=cot60°:%= B
AB h
(h=10)m

E

= CA=

a“.:- a\‘H

From right ABED, we have

DE . DE
—— =cot 30° = _\/g 10m 10m

BE (h-10)
= DE=+/3(h-10). .. (ii) 50
But, CA = DE. c A

h
—=+3(h-10)= 3h-30=h

= 2h=30= h=15.
22. Let AB be the cliff and CD be the tower.
Let AE =CD = h metres. Then, BE = (6073 — i) m. 60°£(5° /
From right ABED, we have (603 —h)m
%:mw:%:l s i
= DE=60/3 - h. (@)
From right ACAB, we have 60°
CA R CA 1

—— =cot60° = m = ﬁ c A

Sca=03 g (i)

V3

But, CA = DE.
60v/3 —h=60=> h=60(~3 - 1)=60x(1.732 - 1)
=(60x 0.732) = 43.92,
23. Let the height of the cliff be 1 metres and the distance of D
the cliff from the ship be x metres.
From right ACAB, we have

AC o X
EZCOt?’O :)1—62\/5236:16\/5. (h—16)m
From right ABLD, we have
%:tan60°=\/§: h_iwz\/g B 60° L
BL 16v/3 30° X
[+ BL=x=163] 18m 16m
30°

> h-16=48= h=064. A xm C
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24. Let the height of tower PQ be h metres. Q

25.

27.

28.

From right AXPQ, we have
XpP XP 1 h .
——=cotb0°=> —=—= XP=—- . (D) (h—40)m
p ho 3 V3

From right AYRQ, we have 45° N

YR cota5o = R 10 YR=(h—40). .. (i)
Ji— 40 40

40 m

But, YR = XP. 60°
h—40="T1 o W3 -1)=40J3

J3
N R CE R ) G
R (f 3+1)
= h=20(3+ 1.73) =(20x 4.73) = 94.6.

Let A and B be the two positions of the aeroplane A B
and let O be the point of observation.
From right AOCA, we have

OC _ e O |

AC 2500 m T‘
From right AODB, we have o) c 5 X

%_cotSO" OD_ _ /3 =0D=2500y3 m.

\
|
12500 m
=1= OC =2500 m.

0 m
AB=CD=0D-0C = 2500(\/§ — 1) m =(25000x 0.732) m = 1830 m.

Thus, the aeroplane covers 1830 m in 15 seconds.
1830 60x 60
15 1000

Let AB be the lighthouse and C and D be the two positions of the ship.

its speed = ( j km/hr = 439.2 km/hr.

Them,1 Y ot60° = x=-2 m.

00 m J3 B

Y~ ot 30°=+/3 = x+ y=(100v3) m. 30

100 m
o 1
100 200 60 0om

m="—m
J3 J3 30° 60°
_200m 3 _200m <3 c y D x A

NERMINCIE

= y= @x 1.732=3304M _ 49506 m,

y=x+y—-x=1004/3m—-——

Let A and B be two points on the banks on opposite sides of the river.

Let P be a point on the bridge at a height of 2.5 m.

Then, DP =2.5 m.

From right APDB, we have
DB DB

——=cotd5°= ——=1= DB=250 m.
D 2.5m
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From right APDA, we have

AiD—Ct30°:7_\/7:>AD 2.5/3m.
PD 25m

Width of the river = AB= AD + DB=2.5J3 m+ 2.5m
=2.5+/3 + 1)m=%><(1.732+ 1) m=6.83 m.

30. Let AB and CD be the two opposite walls and let the foot of the ladder be fixed at the
point O on the ground. Let OB and OD be the two positions of the ladder.

From right AOAB, we have D B

%—COS‘}SO:} %_i

6m 2

S o0A=0M L oA b6m V2 a5

2 NERaNA
From right AOCD, we have

OC _ os60°= € =1L oc=3m.
oD 6m 2

Distance between two walls = AC = OA + OC = 3(¥2 + 1) m= 3(1.414+ 1) m
=(3x2414) m=7.242m=7.24 m.

32. Let AB be the electric pole such that AB =4 m. Let C be a point B
1 m below B. 1m
Then, AC=4m-1m=3m.
Let OC be the ladder. Then, ZAOC = 60°. C
LetOC = x metres.
From right AOAC, we have \g‘?
oC . x 2 6 6 3 & 3m
E=cosec60 :E:ﬁ:xzﬁ: x=—3><—3=2\/§. X
= x=(2x1.73)= 3.46. S 60° 0,

Hence, the length of the ladder is 3.46 m.

MULTIPLE-CHOICE QUESTIONS (MCQ)

Choose the correct answer in each of the following questions:

1. If the height of a vertical pole is equal to the length of its shadow on the
ground, the angle of elevation of the sun is [CBSE 2014]

(a) 0° (b) 30° (c) 45° (d) 60°
2. If the height of a vertical pole is v/ 3 times the length of its shadow on the

ground then the angle of elevation of the sun at that time is
[CBSE 2012, '14]

(a) 30° (b) 45° (c) 60° d) 75°
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11.
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. If the length of the shadow of a tower is /3 times its height then the

angle of elevation of the sun is [CBSE 2012]
(a) 45° (b) 30° (c) 60° (d) 90°

. If a pole 12 m high casts a shadow 43 m long on the ground then the

sun’s elevation is [CBSE 2013C]
(a) 60° (b) 45° (c) 30° (d) 90°

. The shadow of a 5-m-long stick is 2 m long. At the same time, the length

of the shadow of a 12.5-m-high tree is [CBSE 2011]
(a)3m (b) 3.5 m (c)4.5m (d)5m

. Aladder makes an angle of 60° with the ground when placed against a

wall. If the foot of the ladder is 2 m away from the wall, the length of the
ladder is [CBSE 2014]

@ -t m (b) 43 m ©242m  (d)4m
V3
. Aladder 15 m long makes an angle of 60° with the wall. Find the height
of the point, where the ladder touches the wall. [CBSE 2017]
(a)15v/3 m (b)i ()%m (d) 15m

. From a point on the ground, 30 m away from the foot of a tower,

the angle of elevation of the top of the tower is 30°. The height of the
tower is [CBSE 2014]

(a) 30 m (b) 103 m (c) 10 m (d) 304/3m

. 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 is
[CBSE 2014]

(a)50+/3 m (b)150v3m (015042 m  (d)75m

A kite is flying at a height of 30 m from the ground. The length of string

from the kite to the ground is 60 m. Assuming that there is no slack in the

string, the angle of elevation of the kite at the ground is [CBSE 2012]
(a) 45° (b) 30° (c) 60° (d) 90°

From the top of a cliff 20 m high, the angle of elevation of the top 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 [CBSE 2013C]
(a) 20 m (b) 40 m (c) 60 m (d) 80 m

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)1.5m (b)2m (¢c)25m (d)2.8m
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14.

15.

16.

17.

18.

19.

20.

21.

22.
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The length of the shadow of a tower standing on level ground is found
to be 2x metres longer when the sun’s elevation is 30° than when it was
45°. The height of the tower is

(@) @2V3m  ®)(BV2Ym  (©(3-1xm (d)(¥3+Dxm
The lengths of a vertical rod and its shadow are in the ratio 1:+/3. The
angle of elevation of the sun is

(a) 30° (b) 45° (c) 60° (d) 90°
A pole casts a shadow of length 2+/3 m on the ground when the sun’s
elevation is 60°. The height of the pole is [CBSE 2015]
(@) 4/3 m (b) 6 m (c)12m (d)3m
In the given figure, a tower AB is 20 m high and BC, its A
shadow on the ground is 203 m long. The sun’s
altitude is [CBSE 2015]
(a) 30° (b) 45° é 2
(c) 60° (d) none of these

The tops of two towers of heights x and y, standing on a level ground
subtend angles of 30° and 60° respectively at the centre of the line
joining their feet. Then, x: y is [CBSE 2015]
(@)1:2 (b)2:1 (c)1:3 (d)3:1
The angle of elevation of the top of a tower from a point on the ground
30 m away from the foot of the tower is 30°. The height of the tower is
(a)30 m (b) 1043 m (c) 20 m (d)10v2 m
The string of a kite is 100 m long and it makes an angle of 60° with the
horizontal. If there is no slack in the string, the height of the kite from
the ground is
(a)504/3 m (b)100/3m  (c)50v2 m (d) 100 m

If the angles of elevation of the top of a tower from two points at
distances a and b from the base and in the same straight line with it are
complementary then the height of the tower is

(a) \/g (b) Vab (©a+b (d)Na-b

On the level ground, the angle of elevation of a tower is 30°. On moving
20 m nearer, the angle of elevation is 60°. The height of the tower is

(@) 10 m (b)104/3 m ()15 m (d) 20 m

In a rectangle, the angle between a diagonal and a side is 30° and the
length of this diagonal is 8 cm. The area of the rectangle is

(a) 16 cm? ®) % m®  ()16v3 cm®  (d)8y3 cm?
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23. From the top of a hill, the angles of depression of two consecutive km
stones due east are found to be 30° and 45°. The height of the hill is

(@) %(ﬁ _1)km (b) %(ﬁ +1)km

(©) (/3 -1) km (d) (/3 +1) km
24. If the elevation of the sun changes from 30° to 60° then the difference
between the lengths of shadows of a pole 15 m high, is
(@) 75 m (b) 15m (©)10/3m  (d)5V3m
25. An observer 1.5 m tall is 28.5 m away from a tower and the angle of

elevation of the top of the tower from the eye of the observer is 45°. The
height of the tower is

(a) 27 m (b) 30 m (c) 28.5m (d) none of these

ANSWERS (MCQ)
1.() 2.() 3.(b) 4@ 5(d 6 7.() 8(b) 9.(b) 10.(b)
11. (@) 12.(c) 13.(d) 14.(a) 15.(b) 16.(a) 17.(c) 18.(b) 19.(a) 20.(b)
21.(b) 22.(c) 23.(b) 24.(c) 25.(b)

HINTS TO SOME SELECTED QUESTIONS

1. Let ABbe the pole and AC be its shadow
such that AB=AC.
Let ZACB =60.Then,
tan6 = AB_ 1= tan6 = tan45°
AC
= 0=45°
2. Let AB be the pole and AC be its shadow. B
Let AC = xm. Then, AB=+/3xm.
Let ZACB =6. Then, \3x

X

4. Let AB be the pole and AC be its shadow. B
AB=12mand AC =43 m.

Let ZACB=60.Then, tanf= j—B - 12

C 43 12'm
2 V3_ 3

— = tan 60°
43 3
= 0=60°. a u

= tanO=
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5. Ratio of lengths of objects = ratio of lengths of their shadows.

Let the length of shadow of the tree be x m. Then,
L:E: 5x=2x125=25= x=5
125 «x

6. Let AB be the ladder and BC be the wall.
Then, ZCAB=60°and CA =2m.
Let AB = x metres. Then,
£ =c0s60°= 1 =
A 2

=N
N |~

= x=4

7. Let ABbe the ladder and BC be the wall.
Then, ZABC =60° = £ZCAB=(90°-60°)= 30°.
Let BC = hm. Then,

% =sin 30° =
AB

h_1
15 2

h=1
2

8. Let ABbe the tower and BC = 30 m be the ground such
that ZBCA = 30°.

Let AB = h metres. Then,

@:tanBO(’:}i: 1 h:@
30

NERENE

(30_+3)_ c
= h—(ﬁxﬁ)_loﬁ.

9. Let AB be the tower and C be the position of the car
on the ground such that ZACB = 30°.

Let AC = x metres. Then, AC =cot30°= * = J3
AB 150

= x=150/3.

10. Let AB be the string and B be the kite.
Let AC be the horizontal and let BC L AC.

B
60°
,{o@ hm
30°
2m C
A
hm
30°
30m B

Let ZCAB=6.
BC = 30m and AB = 60 m. Then,
A
$= sin® = sinGzE:l:} sin® = sin 30° = 0 = 30°.
AB 60 2
11. Let ABbe the cliff and CD be the tower. Draw BE L CD.
Let ZACB = ZEBD = o and let DE = h metres. _
Also, AB=20m. Let AC = BE = x m. Then Bo~T0 _________|
X~ cotoand X = cotar °
h 20 20m
Thus,fzi: h=20m.
h 20 I

xm (3
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Let AB be the position of the girl and let CD be the lamp-post. Let AE be the shadow
of AB. Then, AB=1.5m, AC =3mand AE=4.5m.

LetCD = x metres. Now, AAEB and ACED are sumlar

CD AB X 1.5 1

— = = =_—_=Xx= 75>< 15

EC AE 75 45 3 m
Hence, the height of the lamp-post is 2.5 m. E 4 5m A 3m C

Let 1 m be the height of the tower and let 2 m and (2 + 2x) m be the lengths of the
shadows of the tower when sun’s elevation is 45° and 30° respectively. Then,

E=tar145°:1:> a=h.

a
h 1 h 1
=tan 30°= — = =—-
a+ 2x J3 h+2x /3
VBh=h+2x= 2x=(3-Dh= h=— 2% _
(V3-1)

- 300
A
s h= 2x 7(\/7+ 1) =x(\/3 +1).
W3-1) (3+1)
Let AB be the rod of length x metres and let AC be its B
shadow of length(x/gx) m. Let ZACB=6.
xm
Then, 4B _ tan® = tanf= > = Lo tan 30°
AC J3x V3 0
= 0=30°. A 3x m c
Let the height of the pole be & metres. B
h
Then, —— = tan 60° = J3
23 A
m
= h=(2/3%x+/3)=6.
/\
C 23m A

Let AB = 20 m be the tower and BC = 20~/3 m be the

length of its shadow. Let AACB =0.

AB 20 20m
Then, tanf="—=—"_= — = tan 30°

AC 2043 f

0= 30°. 203 m B
Let AB and CD be the given pillars and O be the midpoint of AC.
Then, AB=x,CD =y, ZAOB = 30° and ZCOD = 60°.

D
From right AOAB, we have
04 _ ot30°594_3
= O0A =xV3. (D) Y
B
From right AOCD, we have
ocC oc 1 y X .
= =cot60°= ——=— = 0C=—L- ..(ii) 307 60
oD y 3 V3 A 0 A c
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18.

20.

21.

22.

23.
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But, OA =0OC.

1
x 3:L:> 3x = ﬁfzfz}x: =1:3.
V3 Y y 3 Y

i:tanSOoziz h:goim
30

NE) NE)
30 m

= xﬁz m
h_W 7 104/3 m.

=tan® = h=atanb. . (i)

= tan(90° - 0) = cot6

= h=bcotb ... (ii)
From (i) and (ii), we get

h? = ab and hence h = v/ab.
%=cot60°=i: x=L . (1)

V3 V3
= cot 30°=+/3 = x = (/3 - 20) ... (ii)
e
V3
= 2h=20J/3=h=10V3.

Let ABCD be the rectangle.

E:sin30°:1:> i :E:x:élcm.
2 8cm 2

s AB®>=(8)’ cm® — (4)* =(64 — 16) cm” = 48 cm?
= AB=+48 cm®=4J3 cm.

ar(ABCD) = (4v/3 x 4) cm® = 16/3 cm?.
Let AB be the hill.

From right ABAD, we have

A—D:C0t45°:> Yl x=n
AB h

x+ 20

=(h/3 -20)= h=3h-203

From right ABAC, we have
£=cot 300 = XF 1=«/§:> x=(h«/§— 1)
AD h

From (i) and (ii),we have

h=(h/3-1)= W3 -1)=1

o9}

S
s
h km

0 90°-6

|— ) —»

60°
D xm A

30°
C 20m

30°

)

... (i)

459

_ 1 B3+1|_1
= h_{(«/g—l)x(«/g+l)} 2(«/§+1). I

xkm D

1 km C
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24. Let ABbe the pole and AC and AD be its shadows when ZACB = 30°and ZADB = 60°.

From right ACAB, we have
£:Cot 30° = £=«/§
m

AB 15
= AC=15/3m .. (i)
From right ADAB, we have
AD AD 1 15m
I =cotb0° —=— = AD=""—
B 15m 3 V3
15m_+/3 .
= AD=""xY2-5/3m .. (ii)
J3 V3

Required difference = (1543 =54/3) m=104/3 m.

25. Let AB be the observer and CD = h metres be the tower.

BE=AC =28.5m.
From right ABED, we have

%=tan45° = £= 1
BE 28.5m
= DE=28.5m

h—-15=285= h=230.

B
15 m
30° 60°
C A
Df -
1S
)
N
< hm
45° '
B E~
28.5m
1.5m 1.5m
A 285m C )
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