Heights and Distance

Exercise-10

Question 1:

A pole stands vertically on the ground. If the angle of elevation of the top of the pole from a
point 90 m away from the pole has measure 30, find the height of the pole.

Solution :

B

90

90m
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¥

Suppose PO represents the pole, R is a point 90 m away from
the pole.

- PO = Height of a pole and QR =290 m

Z0Q is aright angle in APQR and msR = 3P,

In APQR,
tan30 = E
QR
1 _PR
h ﬁ Q0
20
L= =P0
NiE]
PO = =0 XE
NEENE
= 9—30><1.7‘3
=30x1.73
=51.9
L PO =51.9m

. The height of the pole is 51.9 m.
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Question 2:

A string of a kite is 100 m long and it makes an angle of measure 60 with the horizontal. Find
the height of the kite, assuming that there is no slack in the string.

Solution :
=l
100m
60
R d

Let PR be the string of a kite and OR be the horizontal direction.
- PR = 100 m, mzPOR = 90°, msPRO) = 60 and
PO = Height of the kite.

’ ]
In APGQR. 60 = —
n APCR, sin R
A5 _Pe
T2 100
PQ:ﬁxioo
2
=503
=50x1.73
=86.5m

. The height of a kite is 86.5 m.

Question 3:

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 pole is 10 m and the angle made by the rope with
ground level has measure 30. Calculate the distance covered by the artist in climbing to the
top of the pole.

Solution :



10m

30 |_ ¥
R Q

Let PQ be the pde, whose heightis 10 m

and PR be the length of a rope streched from the top of a
vertical pole. The artist is moving from R to P

The angle made by the rope with the ground level
measures 307,

- m£PRO = 30°

In APGR,

=20m
. The distance covered by the artist in climbing to the
top of the pole is 20 m.

Question 4:

A tree breaks due to a storm and the broken part bends such that the top of the tree touches
the ground making an angle having measure 30 with the ground. The distance from the foot
of the tree to the point where the top touches the ground is 30 m. Find the height of the tree.

Solution :
C —
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E
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Suppcse, AC is the tree broken at point B such that the broken
part CB takes the position BD and touches the ground at 0.
Then, AD = 30 m and msADB = 3P,

In ADAB, we have

tan30 = aics
AD
1 _ AB
‘B3
30
- AP =Z
L AB =1043 1)
AD
Mo, c:os30—ﬁ
B30
2 T BD
BD = 30x2
3
=208 .. (2
So, the height of the tree AC,
=AB + BC
=AB + BD
=103 + 203
= 30,3
=30x1.73
=519

- The height of the tree iz 51.9m,



Question 5:

An electrician has to repair an electric fault on the pole of height 5 m. He needs to reach a
point 2 m 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 measure 60 to the
horizontal would enable him to reach the required position.

Solution :

|
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3IMm — e 2 —»
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160 0l x
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Let PR represent a pole of lenght 5 m.

Qisapeint 2 m below the top of the poe P to undertake
the repair worlk,

SPQ=2mand QR =3 m

Mow, 05 represents the ladder which is inclined

at an angle of measure &P to the horizontal.

. Q5 = length of the ladder

In AQRS,
sineo =%
B3
T2 Qs
=
L5 ==
3
=23
=2x1.73
=3.45

. Thelength of the ladder is 3.46 m



Question 6:
As observed from a fixed point on the bank of a river, the angle of elevation of a temple on
the opposite bank has measure 30. If the height of the temple is 20 m, find the width of the

river.

Solution :

20m

Let PO represent the temple and Pis the top of the temple,
SPQ=20m

R is a fixed point on the bank of ariver from a temple

on the cpposite bank and QR is the width of the river.

The angle of elevation of the top of a temple on the
opposite bank from R measures 30°,

LmLPRO = 30

In APQR,

=GR
cot 30 =)

_ _ QR
A3 = =5
L OR =203

= 20x1.73

= 34.6
5 The width of the river is 34.6 m.

Question 7:

As observed from the top of a hill 200 m high, the angles of depression of two vehicles
situated on the same side of the hill are found to have measure 30 and 60 respectively. Find
the distance between the two vehicles.

Solution :
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Let PQ be the hill with height =200 m

R and S are two vehicles situated on the same side of the hill.
The angles of depression of vehides R and S from P

are 6° and 307 respectively, so

msPRO = m2XPR = 60° and

mLPS0 = mexXPs = 309,

The distance betwesn two wvehides is SR,
In APOR, tan60 = L2

R
5= X0
a3 =
_ 200 _ 20043

Ne 3

In APOS, tan30 = o2
0%

L QR

1 200
RE] Qs
- QS = 20043
The distance between the two vehicles situated on the same side
of the hill
= RS
=0S-GR
= 20043 - 202‘5
6003 - 20043
]
40043
3
_400(1.73)
B 3

692

3

2306

o The distance between the two vehicles is 230.6 m.

Question 8:
A person standing on the bank of a river, observes that the angle subtended by a tree on the
opposite bank has measure 60. When he retreats 20 m from the bank, he finds the angle to

have measure 30. Find the height of the tree and the breadth of the river.

Solution :

a0 50

20m

e



Let PM be the tree. OM represents the width of the
river,

S0, msPMO = 90° and OA =20 m

Let, OM = Breadth of the river = % m and

P = Height of atree = h m

LAN = 0N+ 0A =x + 20

In APMO, tan60 = o
oM
E=h
%
h=Bx oo 1)
In APAM, tan30 =
A
1 h
“E v @
From equations [1) and (2}, we get
1 3
NS
x+20=ﬁxxﬁ
DX+ 20 =3xx
L Ox-x =20
Lox =10
Now,h=ﬁx
= Jf3x10
= {1.73)x10
=17.3

. The breadth of the river = OM = x = 10 m and the
height of the ree = PM =h = 17.3 m.

Question 9:
The shadow of a tower is 27 m, when the angle of elevation of the sun has measure 30.
When the angle of elevation of the sun has measure 60, find the length of the shadow of the

tower.

Solution :



e 60 J

iz ] E
I 27m |

Here, &B is the tower and CB isits shadow when the

angle of elevation of the Sun measures 30°,

Then, msACE = 30°, msB = 9P and CB =27 m

DB is a shadow of the tower when the angle of elevaton of
the Sun measures G60F,

In AACB,
AR

tan30 = =

an BC

.1 _AB

B =7
27 27 3

AR ==l =2l w22 —afs
= BB

In 42DB,
AB

tan60 = ==

an OB
9.3

3 = OB

DB:%_Q
Ve

o The length of the shadow of the tower is 9@ m.

Question 10:
From a point at the height 100 m above the sea level, the angles of depression of a ship in
the sea is found to have measure 30. After some time the angle of depression of the ship

has measure 45. Find the distance travelled by the ship during that time interval.

Solution :



45

100m

a0 45

Let the ship travel from A to B in given tme.
The distance travelled by the ship is AB.
Suppose, the observation point is at O

OC = 100 m.

The angles of depression of & and B from O are
3P and 450 respectively,

LML DAT = maRDA = 300 and

mMLOBC = mexX OB = 45°

In AQCB, tands = 2¢ = 100
BC  BC
1: @
BC
- BC =100
In AQCA, tanz0 = % = @
AC AC
1. 100
"5 BC+tAB
1 100

173 100 + AB
2100+ AB =173
L AB =172-100
=73m
.. The distance travelled by the ship during
the given time interval is 73 m.

Question 11:

From the top of a 300 m high light-house, the angles of depression of the top and foot of a
tower have measure 30 and 60. Find the height of the tower.

Solution :
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Let AC be the lighthouse and ED be the tower,

Height of lighthouse = AC = 200 m

Let ED =h

Let EB be the perpendicular from E to AL

The angles of depression of the top E and the bottom D of

the tower ED measures 30° and 60° respectively from A,
Then, mLAEB = 30° and mLADC = 60°

Mo,
In AADC, tan60 = o
DC
= 300
B =5e
300
Do =="—"2Z—"=EB
NE
Mow, In AREB,
AR
tan30 = —
an 5
) i _AB
"E @
NE
300
L AR = —/
3
_ 300, 1
3B
= @
3
=100 m
Height of the tower ED = BC
= AC - AB
=300 - 100
= 200

5 The height of the tower is 200 m.

Question 12:

As observed from a point 60 m above a lake, the angle of elevation of an advertising ballon
has measure 30 and from the same point the angle of depression of the image of the ballon
in the lake has measure 60. Calculate the height of the balloon above the lake.

Solution :



Let BE be the surface of the lake

A s a point 60 m above the lake,

Fis the image of the balloon Cin the lake.
Horizontal line A0 intersects CE in D
mZCAD = 3P, mLFAD = 6P, AB = &0 m.

Let CE = h, BE = |

Then CO =h - &0 and DF = h + &0

In AADC, tan30 = “2
AD

1 _h-80

CE T

21 =43(h-60) o f1)
DF

In AADF, tan60 = ——

] , tan A0

b+ 60
3= |
2Af3l=h+ 80 anf2)

From equatien 1) and (2],

J3[3(h-60)] =h+ 60

- 3(h-60)=h+60

2 Zh-180=h+ &0

s 2h =240

sh=120m

- The height of the balloon above the lake is 120 m.

Question 13:

Watching from a window 40 m high of a multistoreyed building, the angle of elevation of the
top of a tower is found to have measure 45. The angle of elevation of the top of the same
tower from the bottom of the building is found to have measure 60. Find the height of the

tower.
Solution :
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Let ©0 be the window, AB be the tower and
O be the point of observation.

S CD =40m and

Let the height of the tower = 4B = h.
Haorizonal line DE intersects AB in E,

S BE=CD =40m and

AE = AB - BE = [h-40).

msAED = msZABC = 908

Mow, the angle of elevation of & from D is 45° and the
angle of elevation of & from Cis 6P,

. mMLADE = 457 and mLACB = 6P

In ARED and in AAEC

_AE
tands = o
h- 40
=g
~DE=h-40=BC .. ..[1)
tan60=ﬁ
BC
__h
b - 40
~h=(h-40)3
2 h=-h-403
_-_h{JE—1) = 40,3
Ch o 405
b1
_ 4043 X,B +1
-1 3+
_ 0By
a 3-1
_ 120 + 4043
2
=60 + 20({1.73)
=60 + 34.6
=946 m

. The height of the tower is 94.6 m.

Question 14:
Two pillars of equal height stand on either side of a road, which is 100 m wide. The angles of
elevation of the top of the pillars have measure 60 and 30 at a point on the road between the

pillars. Find the position of the point from the nearest end of a pillars and the height of pillars.

Solution :



Let AB and DE be two pillars of equal height

L AB =DE
The angle of elevation of A and E from C are respectively
6lr and S0P,
L mZACE = 60F and msEDC = 30° and BD = 100 m.
Let BC = x
S CO=BD-BC =100 -BC = {100—)(}
AB
In ARBC, tantld = —
g , tan e
_AB
%
AB
X=—= TN
i (1)
In AEDC, tan30 = 2E
ch
1 LB
== AR =DE
J30 100-x ( )
L 100 - x = 4388
AB
- 100- 2 = 348
J3
. 10045 - AB = 388
L 488 = 10043

L AR =25/3=25x1.73=43.25m
. The height of the pillar is 43.25 m.
From equation {1},

wo B 255 g

. The distance of the point from the nearest end of the pillars
iz 25 m and the height of each pillar is 43.25 m.

Question 15:

The angles of elevation of the top of a tower from two points at distance 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 V @D metres,



Solution :

A
,’!'.
7
.-'/f J
i
-
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~90-8 A8
C D a B
Al e i I8 bl

AB is a tower. O and C are two points on the same
side of a tower, BD = aand BC = b,

Z80B and £ACE are the complementary angles,

If mzADE = 8, then m2ACE = 90- 6,

4B
In AADB, tanf = 55
- tang = 2B )
a
INAABC, tan(90-8) = %
AB
s oote—? R
Multiplying {1} and {2},
tanfwoot = ¢k o
b
4o (eB)
i ab
. (ABY = ab
. AB = .Jab

Height of the tower = AB = Jab
Hence proved

Question 16:

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 for the angle of depression to change its measure
from 30 to 45, how soon after this, will the car reach the tower ?

Solution :
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Let AB be the tower and height of the tower AB = h m,
At C the angle of depression of the car measures 30° and
12 minutes later it reaches O where the angle of
depression is 45°,

Let, COD =x, DB = v

Here, AB =h m, mZACE = maWAC = 300 and

mLADB = maXAD = 450

AB
In AACE, tan30 = I3}
i = h
B Xy
Lx+y=+Bn {1)
_AB
In A8BD, tands = 8}
c1=n
b
ch=y (2)
From results (1) and (2],
x +y = By
.'.><=H§—1)v s [3)

The distance covered in 12 minutes by car is CD = x,
- Time taken to cover the distancs x is 12 minutes,
So, v = Time taken to cover distance DB

= Y12
4

= 71 _ xi2
(3 -1)y
12 B+t
T Bl Bl
12(3 + 1)
3-1
120173+ 1)
e
=6x2.73
=16.38 minutes
The time taken by car to reach the tower is 16,38 minutes.

Question 17:

If the angle of elevation of a cloud from a point h metres above a lake has measure and the

angle of depression of its reflection in the lake has measure 13, prove that the height of the
hitan F+tana)

couldis tan F—tann

Solution :
D¥
Cloud
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Let AB be the surface of the lake., Eis the
point above hom from A,

~BAE=h

Let the height of the cloud BD = | m.
Let F be the reflection of kite C.
Herizontal line EC interects BD in .
SBF =Im

meDEC = a and msCEF = B

Here, AE=BC =h

~CDO=BD-BC =|-h and

CF=BF +BC=I|+h

_CD_I-h
[n AECD, tano = £t "
LEc=12h 1)
tana
In AECF, tanp == =1 +h
EC EC
I+ h
L EC = 2
=np (2)
- From results (1) and (2},
l+h _1-h
tanp  tana
| +h _ tanf
[-h  tana

l+h+1-h_ tanp + tana
“l+h-l+h  tanP - tana

(Using Dividendo- Componendo)

. & _ tanp + tana

"2h  tanp - tana
_ hftanp + tana)

=
tanP - tana

. The height of the coud from the surface of the

h{tanp + tana) -
tanfp - tana
Hence proved,

lake is

Question 18:

From the top of a buiIdingAB, 60 m high, the angles of depression of the top and bottom

at a vertical lamp post CD are observed to have measure 30 and 60 respectively. Find,

1. the horizontal distance between building and lamp post.

2. the height of the lamp post.

3. the difference between the heights of the building and the lamp post

Solution :



60 m

50 i e .4!.

Let &B be the building and CD be the lamppost
The height of the building AB = 60 m
Herizontal line OF intersects AB in E.

LetBE =CD =xm

- AE = AB-BE = {60-x} m

msAED = me2ABC = S0P

MNow, the angle of depression of the top D

and the bottomn C of the post CD have measures
30r and 60° respectively from &,

Then, mzADE = mexAD = 30° and

MZACE = maZXAC = 6P

In right angled AADE, tan30 = %
- 80 N
B BC
&0
S BC =2 =2043 2
=200 @
From (1) and (2],
V360 - x) = 2043
SBEd-x =20
Lox =40 (.}

1) The horizontal distance between the building
and the lamppost.
=BC
= 3 {60 - x)
= 360 - 40)
= 2043
=20(1.73)
=34.6
2) The height of the lamppost = CD
=X
=40 m
3) The difference between the heights of the
building and the lamppost = AB -BE
=60- x
=60-40
=20m

Question 19:

A bridge across a valley is h metres long. There is a temple in the valley directly below the
bridge. The angles of depression of the top of the temple from the two ends of the bridge
have measures OC and B. Prove that the height of the bridge above the top of the temple is



h(tan a-tan j3)
tan a+tan 7

Solution :

quQWHH[UUUUDDDDD

TE?C top of
:—| ‘ the temple

Let AD be the bridge and E be the top of the temple.
The perpendicular from E on AD is EF.
.. EF represents the height from the top of the temple to

the bridge.
LetEF = x m and OF =y m.
LAF=h-vy
In AABE, tancx—h—
®
h— =
Y tano
%
Sy =h- |
Y tano ( )

In ADCE, tarp = é

X
s @

Nowy, from equations [1) and (2],

Ly =

X _ X

Ctano tanp
o htano tanp - x tanp = x tano
o htane tang = x{tano + tanp)

_ htano tanp

 tano + tang
.~ The height of the bridge abowve the top of the
h{tancetanp)

temple is ————— 1,
tano + tanp

Question 20:

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

Solution :



Let AB be the tower.

The angle of elevation of tower from D is a and on walking
192 metres towards the tower from D w0 B,

The angle of elevation of the tower from Cis R

L CD =192 m and tano = E, tanp = =
iz 4

LetBC =xmand 4B =h m.
mMsA0B = o and msACE = B

Mow, in AABC, tanp = Ll
BC

Il
Ly 1T

Lol
=

L\]l% I

*
Il

1)

and in AABD, tano = L
BD

NP (BD =BC + CD = x + 192)
12 x+192
- 12h = 5% + 960

L leh = 5(?] + 960

~ 36h =2Ch+ 2880

. 1Eh = 2830

~h=120

. The height of the tower = 2B =h = 180 m.

Question 21:
A statue 1.46 m tall, stands on the top of a pedestal. From the point on the ground the angle
of elevation of the top of the statue has measure 60 and from the same point, the angle of

elevation of the top of the pedestal has measure 45. Find the height of the pedestal.

Solution :



J

__,-"j {1.46 m

D A

Let 2B be the pedestal and 8B = x m.

BCis a statue and BC = 1.46 m.

The angle of elevation of the top of the statue Cfrom D is 60° and
From the same point the angle of elevation of the top

of the pedestal B iz 45°.

. AR
Mow, in ABAD, tands = in
_ X
AD
L AD =x
Mow, 1N ACAD,
tanel = E
AD
. _ AB +BC
3 .
S =x+1.46
CfE-1)x =146
{1.73 - 1}>< =1.4&
S 0.73x =146
= 145 _
0,73

. The height of the pedestal is = AB =% =2 m.

Question 22:
Select a proper option (a), (b), (c) or (d) from given options :
Question 22(1):

On walking ............ metres on a hill making an angle of measure 30 with the ground, one
can reach the height of ‘a’ metres from the ground.

Solution :



c. 2a

Suppose, on walking h metres, one can reach the height
of 'a' metres from the ground.

: &
sinz0 = —
h
.
wEd h
~h=2a
B
h
a
30 [
A (%

Question 22(2):

The angle of elevation of the top of the tower from a point P on the ground has measure 45.
The distance of the tower from the point P is a and height of the tower is b. Then, ..........

Solution :

a8 b

From the figure, we see that,
tan4s =
b
a

| T

Ld=
La=hb

Question 22(3):

A 3 m long ladder leans on the wall such that its lower end remains 1.5 m away from the
base of the wall. Then, the ladder makes an angle of measure .......... with the ground.

Solution :



c. 60°

From the figure, we see that,
1.5
8 pefl RO EL
CO8 =
1
fi=s
0% 5

but, cosal =

] =

LB =607

6
1.6

Question 22(4):

A tower is 50\/g m high. The angle of elevation of its top from a point 50 m away from its

foot has measure ........

Solution :

b. 80°

From the figure, we see that,
5043
50
L tanf =3

but, tanel = 3
LB =a02

tanB =

WEpOS

50m

Question 22(5):

If the ratio of the height of a tower and the length of its shadow is 1 \B then the angle of

elevation of the sun has measure ........

Solution :



a 30"

Let the height of the tower be b and length of the shadow be a

Mow, tang = 2 = =3

NE]

From the figure, we see that,

Question 22(6):

If the angles of elevation of a tower from two points distance a and b (a > b) from its foot on
the same side of the tower have measure 30 and 60, then the height of the tower is ..........

Solution :

b. Jab

Let the height of the tower be h.
From the figure, we see that,

tanel = h and tan30 = E

b a
Moy, tanGtan 30 = b-b
b a

1 h?
3 ”-B'E = %
~hf=ab
B N =)

I
_“'_i

Question 22(7):



The tops of two poles of height 18 m and 12 m are connected by a wire. If the wire makes an
angle of measure 30 with horizontal, then the length of the wire is ........

Solution :

a. 12m

Let the length of the wire be |
From the figure, we see that,

S8 = |§
1_6
2 7
| =alPm
L 6
30 ¥
A
12 12
_|_ %

Question 22(8):

The angle of elevation of the top of the building A from the base of building B has measure
50. The angle of elevation of the top of the building B from the base of building

. A has measure 70. Then,..........

. building A is taller than building B.

. Building B is taller than building A.

. Building A and building B are equally tall.

a h w N -

. The relation about the heights of A and B cannot be determined.

Solution :



b. building B is taller than building A.

Let the height of the building B be b and the

height of the building & be a and the distance between
the two building be x,

From the figure, we see that,

tan70 = E and tans50 = 2
P ]

= 4 and x = .
tan 70 tanSO
_ b a
“tan70  tan50

. fan70 _ b 51 [ tan70 > tan50)

» Height of building B > Height of building A

Building

Question 22(9):

If the angle of elevation of the top of a tower of a distance 400 m from its foot has measure
30, then the height of the tower is ........

Solution :



b 08
3

From the figure, we see that,

tanz0 = L
400
2 h=400tan30
1
Sh=400x =
3
NE

400m

Question 22(10):

The angle of depression of a ship from the top of a tower 30 m height has measure 60.
Then, the distance of the ship from the base of the tower is ..........

Solution :

c. 1043

Let the distance of the ship from the base of
the towesr be h.
From the figure, we can s=e that,

30
tancel = ==
h

Ao
R

3x 10

~h=

Il
&
3

30 m

60

h

Question 22(11):

When the length of the shadow of the pole is equal to the height of the pole, then the angle



of elevation source of light has measure

Solution :
a. 45°

Let the length of the pole be h and so the length of
the shadow become h,

Suppose, the angle of elevation of the Sunis 8.
From the figure, we can see that,

h
tanl = — =1
an .
. B =45°

o ] IR

Question 22(12):

From the top of a building h metre high, the angle of depression of an object on the ground
has measure O. The distance (in metres) of the object from the foot of the building is

Solution :

c. b ocotd

Let the distance of the object from the foot of
the building be |.
From the figure, we can see that,

h

tanb = T

-
L= =5 - h cotd
. The distance of a point from the building | = h cotd

Building

-+

Question 22(13):



As observed from the top of the light house the angle of depression of the two ships P and Q
anchored in the sea to the same side are found to have measure 35 and 50 respectively.
Then from the light house....

Solution :
c. the distance of P is more than Q.

From the figure, we can see that,
The distance of P from the lighthouse is more than the distance of Q from the lighthouse.

Question 22(14):
Two poles are x metres apart and the height of one is double than that of the other. If from
the mid-point of the line joining their feet, an observer finds the angle of elevation of their

tops to be complementary, then the height of the shorter pole is ......

Solution :

— > ——]
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Let the height of the poles be h and 2h respectively,

Let the angles of elevation of the top of the poles from the
midpoint M of the line joining the feet of the poles be o and B
Also, given that they are the complementary angles,
Ca+p=90

Here, from the figure, we can see that,

tano = ﬂ and tanpg = 2—h
ad =
2 2
Lotano = % and tanp = ﬁ
kS *®
M oy,
h el = Z2tanao

Stanp = — = &
by by

L tan[90-a) = 2tane o + p = 90)
Locote = 2tan o

=
1 .
Ltano = = o is the acute angle,
VA )

. The height of the shorter poleis h = I

242



