CHAPTER 9
APPLICATIONS OF TRIGONOMTERY
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GIST OF THE CHAPTER
1.Line of sight
2.Angle of elevation

3.Angle of depression
DEFINITION

1.The line of sight is the line drawn from the eye of an observer to the point in the object viewed by
the observer.

2.The angle of elevation of an object viewed, is the angle formed by the line of sight with the horizontal
when it is above the horizontal level, i.e., the case when we raise our head to look at the object.

3.The angle of depression of an object viewed, is the angle formed by the line of sight with the

horizontal when it is below the horizontal level, i.c., the case when we lower our head to look at the
object.

MULTIPLE CHOICE QUESTIONS(1 MARK QUESTIONS)
1.If the length of the shadow of a tree decreases then the angle of elevation
(a) Increases (b) Decreases (c) Remains the same (d) None of the above
Ans (a) Increases
2.The angle of elevation of the top of a building from a point on the ground, which is 30 m away from
the foot of the building, is 30°. The height of the building is: .
(a) 10 m (b) 303 m (c) V3/10 m (d)30m
Ans : (b) 303 m
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31 the helght of the bullding and distance from the bullding foot 10 a point is Increased by 20%, then
the angle o elevation on the top of the bulldin; '

(1) Inereases (1) Decrenses (¢) Do not change (d) Mone of the above

Ans (€ Do not chinge

a1 o tower om-high casts i shadow of 293 m Jong on the ground, then the sun's elevation is:

(1) 60° (b) A5° (¢) 30” (dy90°

Ans: (n) 60°

5. The angle of elevation of the top of a bullding 30 m high from the foot of another building in the
same plane Ix 60%, and also the angle of elevation of the top of the secand tower from the foot of the
fist tower 18 30% then the distance between the two buildings is:

(n) 10¥3 m (b) 15V3 (¢) 1243 m (d)36m

Anse: () 1ON3I m

6.The angle formed by the line of sight with the horizontal when the point is below the hosizontal
level is enlled:

(@) Angle of elevation (b) Angle of depression

(c) No such angle Is formed (d) None of the above

Ans 1 (b) Angle of depression

7.From a point on the ground, which is 15 m away from the foot of the tower, the angle of elevation
of the top of the tower is found (o be 60°, The height of the tower (in m) standing straight is:

(a) 15V3 (b) 10V3 (c) 12V3 (d) 203

Ans: (1) 15V3

8.The angle formed by the line of sight with the horizontal when the point being viewed is above the
horizontal level is called:

(a) Angle of elevation (b) Angle of depression
(¢) No such angle is formed (d) None
Ans: (2) Angle of elevation
9. When the shadow of a pole h metres high is V3h metres long, the angle of elevation of the Sun is
(n) 30° (b) 60° (c) 45° (d) 15°
Ans: (a) 30°
10.A ladder makes an angle of 60° with the ground, when placed along a wall. If the foot of ladder is
8 m away from the wall, the length of ladder is
(a) 4 m (b) 8 m (c) 8V3 m (d) 16 m
Ans: (d) 16 m
ASSERTION AND REASONING QUESTIONS
DIRECTION: In the following questions, a statement of Assertion (A) is followed by a statement of

Reason (R). Choose the correct option

(a) Both assertion (A) and reason (R) are true and reason (R) is the correct explanation of assertion (A)
(b) Both assertion (A) and reason (R) are true and reason (R) is not the correct explanation of assertion
(A)

(c) Assertion (A} is true but reason (R) is false.

(d) Assertion (A) is false but reason (R) is true.

1.Assertion (A): The height of a tower can be found using the angle of elevation and the horizontal
distance from the base.

Reason (R) : The relation tan 0 =
Ans:(b)

2.Assertion (A): The angle of elevation of the top of a building increases as the observer approaches
the building.

Reason (R): A larger angle of elevation implies a taller object.

Ans:(c)

Helght

e holds true in right-angled triangles.



. i shadow of a
3.Assertion (A): When the sun is lower in the sky (early morning Of evening), the

vertical object is larger ' i i
_ ) vening.
Aeason (R): The angle of elevation of the sun is small during eatly morning or &
ns:(a) . le of i

:f' Assertion (A): The angle of depression from a lighthouse to a boat is equal to the angle of elevation

rom the boat to the lighthouse. i i
Reason (R): These angles are alternate interior angles formed by a transversal intersecting two
parallel lines,
Ans: (a) I le of elevation from
S.Assertion (A): The height of a tower can be calculateq by observing thT1 angle o
two different points on a straight line and knowing the distance between HICH:

Reason (R): The angle of elevation of the top of a tower increases as the observer approaches the
tower,

Ans: (b) ‘ i i
6. Assertion (A): 1f the length of the shadow of a vertical pole is equal to its height, then the angle of
elevation of the sun is 45°.

é 2
eason (R): According to Pythagoras theorem, (hypotenuse)” = (altitude)’ + (base)’,
Ans: (b)

7.Assertion (A): In the figure, if BC = 20 m, then height ABis 11.56 m. ' A
Reason (R): tan 6 = %g- = %m—r, where 8 is the angle ZACB
Ans: (a)

8.Assertion (A): The value of sin 90° =0,

Reason (R): The value of cos 90°=0

Ans: (d) '

9.Assertion (A): If the shadow of a vertical pole is % times its height, then the angle of elevation of
the tower is 600

Reason (R) : If the angle of elevation of a vertical pole is 459, then the shadow of the vertical pole is
same as its height.

Ans: (b)
10.Assertion (A): sin9= opposite side

hypotenuse
Reason (R): tan 90°=0
Ans: (¢)

BLU ANy

VERY SHORT ANSWER TYPE QUESTIONS (2 MARK QUESTIONS)

1.If the height and length of a shadow of a tower are the same, then find
the angle of elevation of Sun R

Solution : Let AB be the tower and BC be its shadow.
AB=BC

In right triangle ABC, tan 6 =22

tan 0 = 1:% (since AB = BC) L —— g >
tan 0 = 1 =>tan 0 =tan 45° .. § =45°

2.The angle of depression of an object on the ground, from the top of a 25

m high tower is 30°. find the distance of the object from the base of tower

Solution: Let AB be the tower and BC be the distance of the object (at C) Tower
from the base of the tower. 25m

In right triangle ABC,

Tower

1 _25 _
s =BC=25V3m
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3.The shadow of a tower standing on level ground is found 's altitud
i t hen the Sun’s altitude
% is 30° than when it was 60°, Find the height of the towerl.] e
Solution: Let AB be h m and BC be x m. From the

Solu question, DC is 40 m longer than BC. BD = (40 +

In AABC, tan 60°=§§=>\13=§ =>x=—-;'5 (i) i
In AABD, . .

tal:l 30° ‘—1' '3'5 =7 ‘ 4
Pl = x+40=3h | e T
% +40=v3h [using (i)]

h+40V3=3h = h=20V3m

4.The ratio of the height of a tower and the le
V3 : 1. Find the angle of elevation of the Sun
Solution: Given, AB : BC =3 : |

So, AB=v3x and BC =x Tour
In right triangle ABC, s

AB
tan 0 =— 9
BC ) 8 Shadow c

ngth of its shadow on the ground is A

tan0=‘/_73;- Stan =3 = tan 6 =tan 60° = 0 = 60°

5.A tree breaks due to a 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.

Solution: Let AC be the initial height of the tree, Let the bent portion of the

tree be AB = x m and the remaining portion BC = h m. |

So, the height of the tree AC = (x+h) m . ' 1
In right ABCD, '

-
o
=
o
o
o
|
|
ol
ol
Il

So,x+h= 1—‘/;+% = 8v/3m

6.The tops of two poles of height 16 m and 12 m are connected by a wire, the wire
makes angle of 30° with the horizontal, find length of wire. I

Solution: In right AEDC, Sin 6 =§

2 $
: =k L. d = .
Sin30=2 =2 =% 5 =gm [ :

7.An observer 1.5 m tall is 28.5 m away from a tower of height 30 m. Find the

angle of elevation of the top of tower from his eye. ‘
Solution: - _ me,
Inright AABC, tan 8 = -s% : o 5

|.s...|l =3 | o _\l

tan @ = -;%’55- =1=tan45° ..0=45°
8.A Iaddex", leaning against a wall, makes an angle of 60° with the horizontal. If the foot of the ladder
is 2.5 m away from the wall, find the length of the ladder. A
Solution: .
Let AC be the ladder and the foot C is 2.5 m away from the wall AB. A

o_ BC _ 25 »
cos 600 =8 = .
s=— ~h=5m



9.ABis a6 m high pole and CD is a ladder inclined at an angle of 60° to the horizontal and reaches

Up to a point D of pole. If AD = 2.54 m, find the length of the ladder. (use ¥3=1.73) .
Solution: i ol

AB = AD + DB = 6 m (given) "
=254m+DB=6m ;

= DB=346m "
Now, in the right & BCD. (75 =17af
op =~ sin 60

3.4 3

e ACD=4m

cD
10.A mzoving boat is observed from the top of a 150 m high cliff moving away from the cliff, Th?
an/%le of depression of the boat changes from 60° to 45° in 2 minutes. Find the speed of the boat in
m/h.
Solution: Let C & D be two positions of the boat & AB be the cliff & let speed of boat be x m/ min,
LetBC =y
= CD = 2x (~ Distance = speed x time)
In AABC, 222 = tan 60°

150 2

=y= 7 20\!3 m

l { i.‘—“ o _.lso—.z
n AABD, o tan 45° = TNETTP ]
50V3 4 2x =150

sy = 150 —zsoﬁ =75-25V3

= x=253-1v3)

= Speed = 25(3 — ¥3) m/min
= 150003 — V3) m/hr.
SHORT ANSWER TYPE QUESTIONS (3 MARK QUESTIONS)

1.From a point on a bridge across a river the angle of depression of the banks on opposite sides of the

river are 30° and 45° respectively. If the bridge is at the height of 30 m from the banks, find the width

of the river.

Solution: Let, A and B represent the points on the bank on

opposite sides of the river. And, AB is the width of the river.

AB=AD+DB

In right AAPD

So, tan 30° = =
1 _PD 0

v3 AD
AD=30V3m
PD

In right APBD, tan 45° = = = BD=30m

Since AB=AD + DB =30V3 +30=30(N3+ ) m
2.From the top of a 7 m high building, the angle of elevation of the top of a tower is 60° and the angle
of depression of its foot is 45°. Find the height of the tower. 1
Solution: Let BG be building

TW be Tower, then: BM =x, ZMBT = 60° ZzZMBW = 45°

In 1. ABMW

wM 7
0 = — = —] 60"
tan 45 = = | Z =X Tm : M

In rt, ATMB
tan 60° = TM/BM = V3 = h/x i e
= h=V3x=7V3




B

Height of Tower =TW = TM + MW

=(73+Dm=7(33 + I)m

3.A contractor plans to install two slides for the chi . , : i {ha
age of 5 years, she prefers to have a slide children to play in a park. For the children below the

whose top is at i is inclined at an angle
of 30° to the ground, whereas for clder chi ' g U L Ll ok

) tldren, she wa , ] dipht of 3 m,
and inclined at an angle of 60° to e nts to have a steep slide at a height

L ground, What 1e i ench case?
Solution:(i) In AABC, sin 30° = AC / BC at should be the length of the slide in each cas
1_15 - . _ r"'\
- BC,BC 15%x2 &~BC=3 . BN
(ii) In APRQ, sin Q = 2% Ssin60° = = V3 3 . p \\
. Q QR 2 QR \ | 5
=:QR=\-7-3=2\'3m | N
~ . . pd ‘.\". ; —-—-‘L.—_‘_“
Length ot the slide for children below § years=3m ' ’ i

Length of the slide for elder children = 243 iy,

4.From thc? top of a 2§ m high cliff; the angle of elevation of a tower is found to be equal to the angle
of depression of the foot of

the tower. Find height of th
Solution: In right AABC, o1 SHEIG SOMER .

BC 25
tanf=— =tanf==

AB x o A - : ¢
In A CDE, tan = 2& Bm AM
Yy o (3
=tanb= ; : A x []
y

S yY=28m « Height of tower =x +y =25 +25=50m
5.The tops of two poles of height 16 m and 12 m a

: - re connected by a wire, the wire makes angle of
30° with the horizontal, find length of wire.

3

Solution: In right AEDC, I.l
Sinf= = ‘3

¥ 14 1 L:
Sln30='[' =>"2'=-l- :)l:gm l ;;

- a

6.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 height of the tower is 50 m, find the height of
the hill.

Solution: Let HL be Hill and TW be Tower angle of elevations ZWLT = 30°

£LWH = 60°, let WL = x y
Intt. ALWT
= 2 =tan 30° i

" h
Sx=50V3 ....... @) :
Inrt. AWLH
=2 =tan60° = —_=+3 = h=50V3 x V3 = 150 [Using (i)] , A

x 50v3 w iy

7.The angles of depression of the top and bottom of a 50 m high building from ‘
the top of a tower are 45° and 60° respectively. Find the height of the tower and the horizontal
distance between the tower and the building, (use V3 =1.73). ‘ .

Solution: Let the height of the tower AB be h metres and the horizontal distance between the tower
and the building BC be x metres.:

So, AE=(h-50)m

In AAED, tan 45° = 2=

ED



3
——

In AABC, tan 60° =

' BC
>V3=- = Vix=h.cceeeee (ii)
Using (i) and (ii), we get

= x=vV3x-350
=x(¥3-1)=50
L

—_—

v3-—-1
=x =68.25m
Substituting the value of x in (1),
68.25=h-30
= h=68.25+50
=>h=11825m

8.There are two poles, one each on either ban
e, the angles 0

m high. From the top of this pol

we get

k of a river, just opposite er
f depression of the top and the foot of the other pole

d height of the other pole.

30° and 60° respectively. Find the width of the river and he 3 h -
Solution: Let AB. CD be two poles separated by river of width CA with AB = 60 m and let CD l
Draw DE 1L AB
BE=AB-EA=(60-h)m . o
In right ABAC s/ |1
tan 60 = =2 ﬁim
3= L cA=Dm =20 =
-y = A= G m = m I I
Thus, width of river = 20¥3 m h I
In ABED l
o_ BE
e f : —sg_én 1 C = I—A
=>ﬁ = mﬁ20=60—h

= h=60—20=40

Height of the other pole =40 m.

9.Two ships are there in the sea

lighthouse are in the same straig
top of the lighthouse are 60° and 45°
between the two ships. [Use Y3 = 1.73]

Solution:
In A ABD,

o= 22
= Az%o 200
an60=22 = x= 2= =1154m

x NE
In ADBC,
tan6=59- =tan45= e
BC Yy

= y=200m
Distance between two ships = X
=1154+200=3154m

on either side of a lighthouse in such a way that the ships and the

ht line. The angles of depression 0

. If the height of the lighthouse is 200 m, find the distance

D

to cach other. One pole is 60

f two ships as observed from the

are

m

-

g

pre

+

A

4
%

Ty

Ty
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10.The angles of elevation and depression of {
building, 60 m high, are 30° and 60° rt:sm:ctivhc top and the bottom of a tower from the top of a

; 7 ely. Find the diffi
between the heights of the buildi difference £
between them. ing and the tower and the distance 3
Answer: y
In AABE,
BE

tanO;A—B = tan 60 = ";‘3 =13 n.‘;_" et A/ Pl
Xx= 7 =20V3 m
In A DCE,

0 = E_C
- CJe 1 y ol ¥
tan30‘-=; S E A = Y=20m ——

- « Difference between heights of the building and tower = v =
Distance between tower and building = x = g 03 n<1>Wcr y=20m

LONG ANSW s QUESTION :

1.The angle of elcvation of a cloud from a point 60 m above the surface of the watc.r of a lake is 30°

and the angle of depression of its shadow in water of lake is 60°. Find the height of the cloud from the
surface of water,

Solution: Let C be cloud &B be point 60 m above the surface of water angle
of elevation of cloud = ZMBC = 30°

Angle & Depression of clouds reflection

‘R’ £ZMBR = 60°

LetBM=x,CM=h,NR =60 +h,

MR=60+60+h=120+h

Inrt. ABMC

h— °=L
-=tan 30 5

X

=2x=hV3 ...(0)
In rt. ABMR
60+60+h _ - 0o

§20+h
= =43

X
= 120 + h =hV3 x V3 [using (i)]
=>h=60
« height of cloud from surface of water = (60 + 60)m = 120 m.
2.A man is 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 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.
Solution: Let x m be the distance between hill and man. The angles of elevation and depression are

60° and 30° respectively. Various arrangements are as shown in the A

figure. ]
‘ AB _

in right ADBA, 2= = tan 60° 1S

; = '43 T D l

h = \/3)( .............. (i) . 80 Imi s

In right ADBC, %’% tan 30° T L

g =.l 8m 4 #-

x V3

Xx=8V3 ...ooonnine (ii) W

From (i) and (ii), we get N e

h=arvodra—-—0v2=9dm




—————

* Heightof hill = (h+8) m=(24 +8)m =32 m
Hence, height of hill and distance of man from hill are 32 m and 8¥3 m respectively. .
3.The angles of depression of the top and bottom of a building 50 metres high as observed from the
top of a tower are 30° and 60°, respectively. Find the height of the tower and also the horizontal
distance between the building and the tower.,
Solution: In fig. Let BG be the building & TR be Tower, N i e e g
LXTB =30° £XTG = 60° 2
£TBP = £XTB = 30° [alt. angles)
£TGR = £XTG = 60° [alt. angles)
™ o = Il
::PAB TP = tan 30° =2 g2 p
=TPV3
In ATGR tan 60° =28 = 3 = IR
R GR , GR 50m
Now, TPV3 = 7 (as BP = GR)

= 3TP=TP + PR
=2TP=BG=TP=502m=25m &
Now, TR = TP + PR = (25 + 50) m. & )
Height of tower = TR =75 m.

°=£E =T_R
In ATGR tan 60 GR=J3 -

Distance between building and tower = GR
=GR=Z=m=25V3m

4.A bird is sitting on the top of a 80 m high tree. From a point P

on the ground, the angle of elevation of the bird is 45°. The bird A A

flies away horizontally in such a way that it remained at a % 5="3
constant height from the ground. After 2 seconds, the angle of g 1--1
elevation of the bird from the same point is 30°. Find the speed o .- §0m
of flying of the bird. (Take V3 =1.732)
Solution: Let P and Q be the two positions of the bird, and let A ,’(,';)"

be the point of observation. Let ABC be the horizontal line A 2258
through A.

Given, The angles of elevations ZPAB =45° and

£QAB = 30°, respectively.

~ £PAB =45° and ZQAB =30°

Also, PB=80m

In AABP, we have tan 45° = %
_8
" AB

= AB=80m

In AACQ, we have tan 30° = %

1_80
=7 ac
= AC=80V3m

~PQ=BC=AC-AB
=80V3-80=80(V3-1)

So, the bird covers 80 (V3 = 1)m in 2 s.
Thus, speed of the bird

= Distance Time =80(3-1)2 m/s

= 40(V3-1)x60%x601000 km/h

=144 (1.732 - 1) km/h

=105.408 km/h




—

“ Height of hil] = (h+8)m= (24 +8m=32m

dislaf?cc between the building and the tower.
Solution: In fig. Let BG be the building & TR be Tower.

<XTB =30°, £XTG = 60°

<TBP = £XTB = 30° [alt. angles)
£TGR = £XTG = 60° [alt. angles)
In ABTP =5 tan 30° =%

B

BP = TpPV3 ’
In ATGR tan 60° =18 = V3 = L
GR GR

. TR
Now, TPV3 = = (as BP = GR)
= 3TP=TP + PR
=2TP=BG=TP=502m=25m
Now, TR = TP + PR = (25 + 50) m.
Height of tower =TR =75 m.
In ATGR tan 60°==2 = V3 =I%
Distance between building and tower = GR

=GR=Zm=25Vim
4.A bird is sitting on the top of a 80 m high tree. From a point

on the ground, the angle of elevation of the bird is 45°. The bird

flies away horizontally in such a way that it remained at a
constant height from the ground. After 2 seconds, the angle of
elevation of the bird from the same point is 30°. Find the speed

of flying of the bird. (Take V3 =1.732)
Solution: Let P and Q be the two positions of the bird, and let A

be the point of observation. Let ABC be the horizontal line

through A.
Given, The angles of elevations ZPAB =45° and

£QAB = 30°, respectively.

~ £PAB =45°and £QAB = 30°

Also, PB=80m

In AABP, we have tan 45° = %
80

=>1==
AB

= AB=80m :

In AACQ, we have tan 30° = %

1 _ 80

:—_—u—

V3 AC
= AC=80V3m

~PQ=BC=AC-AB
=80 V3-80=80(V3-1)

So, the bird covers 80 (V3 = 1) min2s.
Thus, speed of the bird

= Distance Time =80(V3-1)2 m/s

= 40(¥3-1)x60x601000 km/h

=144 (1.732 - 1) km/h

= 105.408 km/h

Hence, height of hill and distance of man from hill are 32 m and 8V3 m respectively. ,
3.The angles of depression of the top and bottom of a building 50 metres high as observec'i from the
top of a tower are 30° and 60°, respectively. Find the height of the tower and also the horizontal

o
B p
S0m
60’
G R




“ Height of hill = (h + 8) m = (24 + 8) m =32 m

Hence, height of hill and distance of man from hill are 32 m and 8V3 m respectively.

3.The angles of depression of the top and bottom of a building 50 metres high as observed from the
top of a tower are 30° and 60°, respectively, Find the height of the tower and also the horizontal

distance between the building and the tower.

Solution: In fig. Let BG be the building & TR be Tower,
ZXTB =30°, 2XTG = 60°

ZTBP = 2XTB = 30° [alt, angles)

ZTGR = 2XTG = 60° [alt, angles]

n ABTP = tan 30° =&

BP = TPV3

In ATG =12 -
n ATGR tan 60 GR=°\’3 CR

Now, TPV3 = % (as BP =GR)
=3TP=TP + PR
22TP=BG=TP=502m=25m

Now, TR = TP + PR = (25 + 50) m.
Height of tower = TR = 75 m.

In ATGR tan 60° =20 = 3 =22
Distance between building and tower = GR
=GR=Zm=25V3m

4.A bird is sitting on the top of a 80 m high tree. From a point
on the ground, the angle of elevation of the bird is 45°. The bird
flies away horizontally in such a way that it remained at a
constant height from the ground. After 2 seconds, the angle of
clevation of the bird from the same point is 30°. Find the speed
of flying of the bird. (Take V3 =1.732)

Solution: Let P and Q be the two positions of the bird, and let A
be the point of observation. Let ABC be the horizontal line
through A.

Given, The angles of elevations ZPAB = 45° and

£QAB = 30°, respectively.

~ £PAB =45° and £QAB =30°

Also, PB=80m

In AABP, we have tan 45° = %
_80
T AB

= AB=80m

In AACQ, we have tan 30° = E%

18
it V3 AC
= AC=80V3m

~PQ=BC=AC-AB
=80 V3 -80=80(V3-1)

So, the bird covers 80 (V3 - 1) min 2s.
Thus, speed of the bird

= Distance Time =80(V3-1)2 m/s

= 40(V3-1)x60x601000 km/h

=144 (1.732 - 1) km/h

1IN eE ANDO L e /W

X AT,
B P
50m
60
G R




“ Height of hill = (h + 8) m = 24+8)m=32m
Hence, height of hill and distance of man from hill are 32 m and 83 m respectively. :
3.The angles of depression of the top and bottom of a building 50 metres high as observed from the
tqp of a tower are 30° and 60°, respectively, Find the height of the tower and also the horizontal
t{lsluxxcc between the building and the tower.
Solution: In fig. Let BG be the building & TR be Tower . A Ene e o S AT
£XTB = 30°, XTG = 60° '
ZTBP = £XTB = 30° [alt, angles)
<TGR = £XTG = 60° [alt. angles]

. o _TP
In ABTP =5 tan 30° = = X
BP = TpPy3 i :
In ATGR tan 60° = 22 =5 y3 = I

GR
— _TR - S0m
Now, TPV3 = 7 (as BP = GR)
= 3TP = TP + PR
=22TP=BG=TP=502m=25m | &
Now, TR = TP + PR = (25 + 50) m. N )

Height of tower = TR = 75 m.
In ATGR tan 60° =18 = y3 =IR
GR GR

Distance between bu'ilding and tower =GR
=SGR=Zm=25V3m

4.A bird is sitting on the top of a 80 m high tree. From a point p

on the ground, the angle of elevation of the bird is 45°. The bird AR
flies away horizontally in such a way that it remained at a J Net
constant height from the ground. After 2 seconds, the angle of 5 -
clevation of the bird from the same point is 30°. Find the speed A §0m
of flying of the bird. (Take V3 =1.732)
Solution: Let P and Q be the two positions of the bird, and let A ,ft,:.-)'

be the point of observation. Let ABC be the horizontal line A £233
through A.

Given, The angles of elevations ZPAB = 45° and

£LQAB = 30°, respectively.

~ £PAB = 45° and £QAB =30°

Also, PB=80m

In AABP, we have tan 45° = %
-
" AB
= AB=80m
In AACQ. we have tan 30° = -f';—g
1_80
v3 AC
= AC=80V3m

~PQ=BC=AC-AB

=80 V3 -80=80(V3-1)

So, the bird covers 80 (V3 - 1)min2s.
Thus, speed of the bird

= Distance Time =80(V3-1)2 m/s

= 40(V3-1)x60x601000 km/h

144 (1.732 - 1) km/h

105 408 km/h

on
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“ Height of hill = (h+8)m=(24+8)m=32m
”f:flcc, height of hill and distance of man from hill are 32 m and 8¥3 m respectively. :
3.The angles of depression of the top and bottom of a building 50 metres high as observed from the
top of a tower are 30° and 60°, respectively. Find the height of the tower and also the horizontal
dlstnqcc between the building and the tower.
Solution: In fig. Let BG be the building & TR be Tower, KPS d S i =
£XTB = 30°, £XTG = 60° 7
ZTBP = 2XTB = 30° [alt. angles]
ZTGR = £XTG = 60° [alt. angles]
In ABTP = tan 30° = % 30”
BP =TPV3
rry o _ TR _TR

;: Al(?f\/lan 62{ 8 o V3 e

ow, TPV3 = 7_-3-(:13 BP = GR)
= 3TP=TP + PR
22TP=BG=TP=502m=25m ; 60
Now, TR = TP + PR = (25 + 50) m. )
Height of tower = TR =75 m.

In ATGR tan 60° =Z—£ = V3 ==-::£-
Distance between building and tower = GR
=GR=Zm=25V3m

4.A bird is sitting on the top of a 80 m high tree. From a point P

on the ground, the angle of elevation of the bird is 45°. The bird v -
flies away horizontally in such a way that it remained at a 5 ﬁ ’,a’.'
constant height from the ground. After 2 seconds, the angle of )l 11
elevation of the bird from the same point is 30°. Find the speed P ’ P - E0m
of flying of the bird. (Take V3 =1.732) g
Solution: Let P and Q be the two positions of the bird, and let A /,:‘) -, ¢
be the point of observation. Let ABC be the horizontal line A 25800}

B C
through A.
Given, The angles of elevations 2PAB = 45° and
£QAB = 30°, respectively.
~ £PAB =45°and £QAB = 30°
Also, PB=80m
In AABP, we have tan 45° = ;'l:g'

In AACQ, we have tan 30° = %
1 _ 80

= — = —

v3i AC
= AC=80V3m
~ PQ=BC=AC-AB
=80 V3 -80=80(V3-1)
So, the bird covers 80 (V3= 1)min2s.
Thus, speed of the bird
= Distance Time =80(¥3—1)2 m/s
= 40(V3-1)x60x601000 km/h
=144 (1.732 - 1) km/h

s/ A0 1. ../
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* Height of hill = (h+ 8) m = (24 +8)m=32m

Hence, height of hill and distance of man from hill are 32 m and 8V3 m respectively.

3.The angles of depression of the top and bottom of a building 50 metres high as observed from the |
top of a tower are 30° and 60°, respectively. Find the height of the tower and also the horizontal

distance between the building and the tower.

Solution: In fig. Let BG be the building & TR be Tower .
£XTB =30°, £XTG =60°

£TBP = £XTB = 30° [alt. angles)

£TGR = £XTG = 60° [alt. angles]

In ABTP = tan 30° = %—2

BP = TPy3
In ATGR tan 60° = I8 = y3 =18
GR GR

vy o TR
Now, TPV3 = 7 (as BP = GR)

=2 3TP=TP + PR
=S2TP=BG=TP=502m=25m
Now, TR =TP + PR = (25 + 50) m.

Height of tower = TR =75 m.

| o= TR wlh
n ATGR tan 60 = = V3 N

Distance between building and tower = GR

=I5 -
=GR=—=m 25V3m

4.A bird is sitting on the top of a 80 m high tree. From a point
on the ground, the angle of elevation of the bird is 45°. The bird
flies away horizontally in such a way that it remained at a
constant height from the ground. After 2 seconds, the angle of
elevation of the bird from the same point is 30°. Find the speed
of flying of the bird. (Take V3 =1.732)

Solution: Let P and Q be the two positions of the bird, and let A
be the point of observation. Let ABC be the horizontal line
through A.

Given, The angles of elevations 2ZPAB = 45° and

2QAB = 30°, respectively.

~ £ZPAB =45° and £QAB =30°

Also, PB=80m

In AABP, we have tan 45° = %
=50,
" AB

= AB=80m

In AACQ, we have tan 30° = %

L.
o v3 AC
= AC=80V3m

~PQ=BC=AC-AB
=80 V3 -80=80(V3-1)

So, the bird covers 80 (V3 - 1)min2s.
Thus, speed of the bird

= Distance Time =80(V3-1)2 m/s

= 40(V3-1)x60%601000 km/h

=144 (1.732 - 1) km/h

=105.408 km/h




gym=(24+8m=32m

« Height of hill = (h +
d distance of man

Hence, height of hill an

3, The angles of depressi |
top of a tower are 30° and 60°, respective

distance between the building undl the tower.
Solution: In fig. Let BG be the building & I'R be Tower.

JXTB = 30° £XTG = 60°
2TBP=2XTB = 30° [alt. angles]
£ TGR = £XTG = 60° lr;,lt. angles]
In ABTP = tan 30° = ;;?

BP =TPV3 : ,
In ATGR tan 60° =a—§ =3 =
Now, TPV3 = TJ-;- (as BP = GR)

= 3TP =TP + PR
= 2TP=BG=TP= 502m=25m

Now, TR=TP +PR = (25 + 50) m.

Height of tower =TR = 75 m.

In ATGR tan 60° =22 = V3 ==
Distance between building and tower = GR
=GR = 3—-5.;m=25\f3 m

4.A bird is sitting on the top

ly. Find the |

of a 80 m high tree. From a point
on the ground, the angle of elevation of the bird is 45°. The bird
flies away horizontally in such a way that it remained at a
constant height from the ground. After 2 seconds, the angle of
clevation of the bird from the same point is 30°. Find the speed

of flying of the bird. (Take V3 =1.732)
itions of the bird, and let A

Solution: Let P and Q be the two posl
be the point of observation. Let ABC be the horizontal line

through A.
Given, The angles of elevations ZPAB = 45° and
£QAB =30°, respectively. ‘

- 2PAB = 45° and £QAB =30°

Also, PB=80m

In AABP, we have tan 45° = %

1 _ 80

= — = —

V3 AC
= AC=80V3m

~PQ=BC=AC-AB

=80 V3 —-80=80(V3-1)

So, the bird covers 80 (V3 —1)m in2s.
Thus, speed of the bird

= Distance Time =80(Y3—1)2 m/s

= 40(¥3~1)x60x601000 km/h

=144 (1.732 - 1) km/h

=105.408 km/h
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r/ CASE BASED QUESTIONS (4 MARKS QUENTIONS)

A proup of students ui‘t:lass N visited India Gate on an education trip. The teac “f’:i anorlal.
orest i history as well, The teacher namrated that India Gate, ofticial name Delhi A tl icated to the
originally called All-India War I\.icmurm\: momimental sandstone arch in New t)x!ll\}, dedivd
sroops of British h}dm who died in wars fought lgmwccn 1914 and 1919, The w;hgg e\w ok le
mndia Gate, which s !m‘:\t?d At the eastem end of the Rajpath (formerly called the Kingswvayh
138 foct (42 metres) m‘hvmht‘ .

(i) What is the angle of ﬂt“‘“‘“j“ if they are standing at a distance of
A2m away from the monument?

Solution: 45° ) v

(ii)Find the length M‘thc s}zntlc\\\' cast by the India Gate if the
clevation nl‘l!w Sun is at 60™?

Solution: M\‘S‘ m )

@) The ratio of the length of the India Gate and its shadow is 1:1,
The angle of elevation of the Sun is

Solution: 43°

and students had
1
inte »
lso said that

about

(OR) ¢
(iii)(b)Find the tength of'a ladder placed 42m away from the base of the India Gate such that its top
just touches the tip of the monument ?
Solution: ~60m

2. A Satellite tlying at height h is watching the top of the two tallest mountains in Uttarakhand and
Kamataka, them being Nanda Devi(height 7,81 6m) and
Mullayanagiri (height 1,930 m). The angles of depression
from the satellite, to the top of Nanda Devi and
Mullayanagiri are 30° and 60° respectively. 1 the distance
between the peaks of the two mountains is 1937 km, and
the satellite is vertically above the midpoint of the distance
between the two mountains,

(1)Find the distance of the satellite from the top of Nanda
Devi?

Solution: 1139.4 km

(i) Find the distance of the satellite from the top of Mullayanagiri?

Solution: 1937 km

(iii)(@) What is the angle of elevation if a man is standing at a distance of 7816m from Nanda Devi?
Solution: 45°

(OR)
(iii}(b)If a mile stone very far away from, makes 45° to the top of Mullanyangiri mountain. So, find
the distance of this mile stone from the mountgin,
Solution: 1937 km .
3.A drone was used to facilitate movement of an ambulance on the straight highway to a point P on
the ground where there was an accident. The ambulance was travelling at the speed of 60 kmv/h, The
drone stopped at a point Q, 100 m vertically above the point P, The angle
of depression of the ambulance was found to be 30° at o particular
instant.
f?ased on above information, answer the following questions :
(3) Represent the above situation with the help of a diagram, %,
(i) Find the distance between the ambulance and the site of accident P) RE SR e ey
at the particular instant, (Use V3= 1.73) VRS TR ISR Y vt
S_Rlution: Solution: The distance between the ambulance and the accident site is 173m
(iii)(a) Find the time (in seconds) in which the angle of depression changes trom 30° to 45,

Qﬁi'“

0]Uli0n: The time in which tha annla nf danraceinn shanone franm N0 1a 480 1n 1 A0



(OR) o T on e Wt
(ii)b)How long (in seconds) will the ambulance take to l:cnc.h n\lﬂl‘\!': ‘:::;\'i\\ wpolnt T on the highway
such that angle of depression of the ambulance at ‘I is 60° (o the drones

1% 6,91 see

Solution: The time it takes for the ambulanee to reach l“‘““._ P n“'"\‘ ‘3“";‘4; ‘
JOTS (MIGH ORDER THINKING SKILLS) lepresion ol
1.From an acroplane vertically above  straiplt lmrim‘nml plane, the m‘*mfﬁ ull \‘ L’l ‘\’l:: ‘:: ‘::I\:{t;‘ lt\“\':' |
consecutive kilometres stones on the opposite sides of'the neroplane are tound i R

that the height of the acroplane is -——-—--‘J::::::::'ﬁﬁ

Solution: Let A be the neroplane and its height be ki further, let
B and C be two consecutive kilometres stone so that distanee
BC=1 kn.

Let BD = km dy = i g
Then DC = (1 =x) km ([ Sy TGy Se— | Y Y p—"ry
In A ABD, S | >

X h .
PR A A e )

a0 _
tan a T
In A ADC,

AD ras
tan == =-!—h-—l- W)

h
= =t - —
h=tanp (1 o “)

From (i) and (ii) ,-
htanf b= tanctanf

h = tana tanp - — = h(tana+tanP) = tanotan = h === tanf

2.A spherical balloon of radius r subtends an angle 9 at the eye of an observer. I the angle of
elevation of its centre is S, find the height of the centre of the balloon.

Solution: Let O be the centre of the balloon of radius . OP =1, Let E be the eye ol an observer so that
angle subtended by balloon at the eye E is 2PEQ = 0 and angle of elevation of centre of ballon =
LOEM =

Let the height of the centre of balloon be h i.e, OM = |,

Let OE=d

~.£PEO = £QEO = 7

Now, as radius is perpendicular to the tangent at point of contact .
~ £OPE =90°

So, AOPE is right angled at P and AOME is right angled at M.

Inright AOPE, sin (%) = 2% =1
In A OME,
_OM _h
sin®= T
sinsin (@) -

sinsin (:_Z )
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ane o DR \ )
q 9 [ T W e e [
Al ¥ 0% = = 8 o = D= 500 wy

ADP=DE = DI = 500 m
Now TP =13 s 3D = |y = 500

e saby . DY 5 ah
MATPD, vos 600 = L5 ey Pyp = Habl

"
Now, DI = B HER = D1 R
I ATOE tan 3 =3 =10 = pi= D4 R

t
e t=B00 ey *: ABOOLIRN , Ati00

V Vi
V== 1000 = 11,732 = 1) = 1000
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GIST OF THE CHAPTER :- f
(1)Introduction

(2)Tangents to a circle

(3)The tangent at any point of a circle is perpendicular to the radius through the point of contact,

(4)Number of Tangents from a Point on a Circle

(5)The lengths of tangents drawn from an external point to a circle are equal.

DEFINITIONS :-

(1) Cirele :- A circle is collection of all points in a plane which are at & constant distance (radiug)
from a fixed point(centre)

(2) Chord :- The chord is the line segment having ts two end points lying on the cireumference of
the circle.

(3) Secant :- A secant to a circle is a line that interseets the circle at exactly two points,

Sy
-nq.‘.“)

u“"‘ig, it

A line PQ is called a secant. (
i

NATE A carnnt 10 a olrele 18 a line where as a chord of a circle is a line segment whose end




I

/ PR =

) r_r_,mggﬂ_‘.f_—-‘”‘ciﬂle- - A tangent 10 a circle is  line that interseets the cirele at only one point
T

/ ‘ A line PQ is called a tangent to a cirele.

Q

L

(5) Point of Contact :- The common point of the tangent and the circle is called the point of contact.
In the above figure the point A is called the point of contact.
NOTE :- (i) There is only one tangent at a point of the circle. There are infinitely many points on
a circle, so a circle can have infinitely many tangents,
(if) The tangent to a circle is a special case of the secant, when the two end points of its
corresponding chord coincides,
@A circle can have two (2) parallel tangents at the most.
(6 Theorems :-
Theorem 10.1 :- The tangent at any point of a circle is perpendicular to the radius through the point
of contact.

Given - A circle with centre O and a tangent XY to the circle at a point P. TN
To Prove :- OP L XY N

Construction :- Take a point Q on XY other than P and join OQ. Suppose

0Q meets the circle at R )_

Proof :- Among all line segments joining the point O to a point on XY, the R
shortest one is perpendicular to XY, So, to prove that OP L XY, it is / "
sufficient to prove that OP is shorter than any other segment joining O to P S T
any point of XY.

Clearly OP = OR.[radii of the same circle]

Now, 0OQ=0R +RQ

= 0Q>0R

= 0Q>OP (~ OP=0R)
Thus, OP is shorter than any other segment joining O to any point of XY.

Hence, OP L XY.

Theorem 10.2 :- The lengths of tangents drawn from an external point to a circle are equal.
Given - A circle with centre O, a point P lying outside the circle and two

tangents PQ, PR on the circle from P Q
To Prove :- PQ =PR .
Construction :- Join OP , OQ and OR Y
Proof :- In A PQO and A PRO P Ciledd
£PQ0 = £PRO = 90° [ radius is perpendicular to the tangent at i
the point of contact ]
PO = PO [ Common side ]
0Q=0R [radii of the same circle]
APQO = APRO [ by RHS congruence rule ]
PQ=PR [CPCT]

Number of tangents from a point on a circle :-
(i)There is no tangent to a circle passing through a point lying inside the circle.

A
\,
NAY
.
\.‘ : b

(ii)There is one and only one tangent to a circle passing through a point lying on the circle.
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s . e, PO and PR it S
(@l thegived thaune, PQ AR e tangents 1w olivle contiod nt 00,11 2QPI=350 than 2Q0P 1
oquat HFARE Vi i s
ATTR o ) e L) 1340 L L LA R Y N
f:\é({\\ ZOPR & ;:‘.Qi)?\‘ = {80 ZQOR = 1Y = A0 e l*]?\i“!‘) BN \ \ ) "
T PO bivedts 2QON 3 2000 = ; AQON = 33 R Vearg©
g peritetet of' given triangle ts 38 e, thon lowgih AL iy Ul o A
ta)wcm st ORI () 10 o () 8 e
N\s) et Ab= f’\Q s \ ‘
124 10= Jgem A= I8 =8= 10 e \ = Jg! =¥ o

e, AR AR and BC e tangeits to the eliete, 1F A Ve & o AC = 6 o andl
ggidh\‘m\ then the fength oFAR (i em) iy it S AU
13 A N O Pl (W) 30
Ansib) AP +AQ = Perimeter o MABE, AP = W (Dortietor ol AABE Y= 8 o

(8) 1w tangents inelitied at an angle 60° are drawn to u eliele of radioy 3 e, then
ongth o gach tangent iy equal to

@) GRS em (b) 6 e S @l () 333 ey
AnS)) OP biseets 24P8 = 24P0 = %L= 30, In 1t A0AR, tan 800 = -:%,%

s t= g 2 AP =33

N - ;

)ln the Tigure below, PQ s & chord of'a elrele and D1y the tamgent at P sueh that 2QP1 = 60°,
e 2PRQ s equal W =
(a) 135° ~ 1S (©) 1200 () 1100
Ans) (©)From the given, 2QPT=60° and  20P1 = vo
Thus, 20PQ = 20QP = 30° fie,, 2P0Q = 1208,
Also, ZPRQ=3 X reflex 2POQ, teflex 2DOQ = 360° = 120° = 240°
Therelire, ZPRQ = 3 X 2400 = 120°
(10)In the figure, PQL and PRM are tangents to the eirele with centre O at the
points Qand R, respectively and 8 iy a point on the chrele such that
28QL = 50° and 25RM = 60°, Then 2Q8R {s equal to
@) 40° (b) 60° (c) 70° (d) 80°

- Ans){(e) From the given,
205Q = £0Q8 = 90°=50° = 40°
and  2RSO = 28RO = 90° = 60° = 30°
Therefore, 2QSR = 40° + 30° = 70°,

SSE ‘
DIRECTION: In the following questions, a statement of' Assertion () 18 followed by a statement of!
Reason (R), Choose the correct option
(2) Both assertion (A) and reason (R) are true and reason (R) is the cotrect explanation of assertion (A)
(b) Both assertion (A) and reason (R) are true and reason (R) is not the coneet explanation of
assertion (A)
(¢) Assertion (A) is true but reason (R) is false,
(d) Assertion (A) is false but reason (R) is true, ‘
(1) Assertion(A): 1f length of a tangent from an external point to cirele is 8§ em, then length of'the
other tangent from the same point is 8 e, :
Reason(R): length of the tangents draw {rom an external point 10 & elrele are equal,

i Ans) (a)




(2} Assertion(A) The length of the tangent drawn from a point at a distance of 13 cm from the
e of a cirele of rading 3 em s 10 ¢y, . ¢ N
Reason(R): A tangent to a circle is perpendicular to the radius through the point of contact,
Ang) (dMength of the tangent = 12 em . . T ,

(3) Assertion{A): PA and PB are tangents drawn from an external point Pt a circle with centre O
Such that ZAPB = 40%, then 2A0B = 170°, . it atn civele
Reason(R): The angle between the two tangents deawn from an external point at a circle are

Supplementary to the angle subtended by the line segments joining the points of contact at the
NS

Ans) (d) .
C) :\&wc::tinn(:\): I the radius of a circle is § em then the distance between parallel tangents is

10 om

Reason (R) : The radius of'a circle is perpendicular to the tangent at the point of contact.

Ans) (b)

(3) Assertion (A): If two tangents are drawn to a circle from an external point, then the angles
between the tangents and the chord joining the points of contact are equal. .

Reason (R): The tangents drawn from an external point to a circle are always equal in length.
Angs) (a)

(6) Assertion (A): The tangents drawn at the ends of a diameter of a circle are parallel.
Reason (R): The angle between the tangent and the radius at the point of contact is 90°
Ans) ()

(7) Assertion (A): In the below figure, AB and CD are common tangents to circles
which touch each otherat D. IfAB=§ cm, then the length of CD is 4 cm.

Reason (R): The tangents drawn from an external point to a circle are always
aqual in length,

Ans) (a)
(8) Assertion(A): If PA and PB are tangents drawn from an external point P to a
circle with centre O, then the quadrilateral AOBP is cyclic,
Reason(R): The angle between the two tangents drawn from an external point at a circle are
supplementary to the angle subtended by the line segments joining the points of contact at the

centre.
Ans) (Q)

(9)Assertion(A): In figure, PA and PB are tangents drawn from an external A
point P to a circle with centre O such that ZAPB = 40°, If C is a point on F R
the circle, then ZACB = 70°, : & o) e
Reason (R): The angle subtended by an arc at the centre is double to the \\\ [
angle subtended by it at any point on the remaining part of the circle ¥
Ans) (a)

(10)Assertion: A tangent to a circle is perpendicular to the radius through the point of contact.

Reason: The lengths of tangents drawn form an external point to a circle is equal.
Ans)b)

VERY SHORT ANSWER TYPE QUESTIONS 2 MARKS QUESTIONS
(1) In figure, a circle touches all the four sides of a quadrilateral ABCD whose sides
are AB=6 cm, BC=9 cm and CD = § ¢m. Find the length of side AD.

Ans) AD+BC=AB+DC = AD=5cm




N ! \ N ‘ A
() Assertion(A) Tho longth of' the tangent deawn from a polnt AL distanee of 1V om from 1
ventie ol a elrele of radius & em s 10 e, ‘. _ .
Renson(R): A tangont 10 a elrelo is perpendieular 1o the radivs through the point of contaet,

Ans) (Mlength ol the tngent = 12 ¢my

2 . ) \ ] 1 +

() Assertion(A): PA and PIY are tangents drawn from an external point P toa-elrcle Wit contro ()
Sueh that ZARD = 40°, then A0 = 1707, T e il ke
Renson(R): The angle between the two tangents drasn vom an external polat at a elrelo arg

supplementary 1o the angle subtended by the line segmenty Jolning the polnts ol contaet al the
centre,

Ans) (d)

() Assertion(A): 11 the radius ofnclrelo ls 5 ¢
10 em

Renson (R) 1 The radius of u elvele I perpendieular to the tangent at the polnt of contaet,
Ans) (b)

(5) Assertion (A): 11 two tangents are deawn to o elrele from an externnl point, then the anples
between the tangents and the chord Jolning the polnts of contaet are equal,
Reason (R): The tangents drawn from an external poInt o n elrele are always equal In leng(h,
Ans) (n)

(6) Assertion (A): The tangents drawn at the ends of a diameter of'n clrele are parallel,
Reason (R): The angle between the tangent and the radius at the polnt of contaet Is 90°
Ans) (n)

m then the distanee botweon parallel tangents Iy

(7) Assertion (A): In the below figure, AB and CD
which touch each oth

Reason (R): The tar
equal in length,

{1~
Ans) () /C N )
(8) Assertion(A): I PA and PB are tangents drawn from an external point P o o
cirele with centre O, then the quadrilateral AOBP is cyclic,

Reason(R): The angle between the two tangents drawn from an exte
supplementary to the angle subtended by the line segme
centre,

Ans) (a)

(9)Assertion(A): In figure, PA and PB are tangents drawn from an external oA o
point P to a circle with centre O such that ZAP = 40°, 1 C is a point on CTR
the circle, then ZACB =709,

are common tangents Lo cireles
erat D, I AB = 8 cm, then the length of CD is 4 ¢,

1gents drawn from an external point (o a cirele are always o

rnal point at a circle are
nts joining the points of contact at the

o o ) e
Reason (R): The angle subtended by an arc at the centre is double to the % N L
angle subtended by it at any point on the remaining part of the circle ]
Ans) (a)

(10)Assertion: A tangent to a circle is perpendicular to the radius through the point of contact,
Reason: The lengths of tangents drawn form an external point to g circle is equal,
Ans)(b)

VERY SHORT ANSWER TYPFE UESTIONS (2 MARKS ¢ UESTIONS
(1) In figure, a circle touches all the four sides of a quadrilateral ABCD whose sides
arc AB=6cm, BC=9 cmand CD =

8 cm. Find the length of side AD, "’r'
Ans) AD+ BC = AB 4 DC = AD=5¢m N

v 5E
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(2) Assertion(A): The length of the tangent drawn from a point at distance of 13 cm {rom the
centre of a cirele of radius § em is 10 em, o - S——
Reason(R): A tangent to a circle is perpendicular to the radius through the point of contact,
Ans) (d)length of the tangent = 12 cm . . n

(3) Assertion(A): PA and PB are tangents drawn {rom an external point P to a cirele with eentre O
such that 2APB = 40°, then 2AO0B = 170°. . :
Reason(R): The angle between the two tangents drawn {rom an external 1.‘mmt n} a cirele are
supplementary to the angle subtended by the line segments joining the points of contact at the
centre,
Ans) (d)

(4) Assertion(A): If the radius of a circle is 5 cm then the distance between parallel tangents is
10 cm

Reason (R) : The radius of a circle is perpendicular to the tangent at the point of contact,
Ans) (b)
(5) Assertion (A): If two tangents are drawn to a circle from an external point, then the angles
between the tangents and the chord joining the points of contact are equal. .
Reason (R): The tangents drawn from an external point to a circle are always equal in length.
Ans) (a) ‘
(6) Assertion (A): The tangents drawn at the ends of a diameter of a circle are parallel,
Reason (R): The angle between the tangent and the radius at the point of contact is 90°
Ans) (a)
(7) Assertion (A): In the below figure, AB and CD are common tangents to circles
which touch each other at D. If AB =8 cm, then the length of CD is 4 cm.

Reason (R): The tangents drawn from an external point to a circle are always
equal in length.

Ans) (a)
(8) Assertion(A): If PA and PB are tangents drawn from an external point P to a
circle with centre O, then the quadrilateral AOBP is cyclic.
Reason(R): The angle between the two tangents drawn from an external point at a circle are
supplementary to the angle subtended by the line segments joining the points of contact at the

centre.
Ans) (a)
(9)Assertion(A): In figure, PA and PB are tangents drawn from an external ~.Ap

point P to a circle with centre O such that ZAPB =40°, If C is a point on 7R

the circle, then ZACB =70°. : c((’\ .s &P
Reason (R): The angle subtended by an arc at the centre is double to the \ N
angle subtended by it at any point on the remaining part of the circle T8

Ans) (a)

(10)Assertion: A tangent to a circle is perpendicular to the radius through the point of contact.

Reason: The lengths of tangents drawn form an external point to a circle is equal.
Ans)(b)

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS QUESTIONS )
(1) In figure, a circle touches all the four sides of a quadrilateral ABCD whose sides
are AB =6 cm, BC =9 cm and CD = 8 cm. Find the length of side AD.

Ans) AD+BC=AB+DC = AD=5cm
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@) In the given figure, if AB= AC, prove that BE = EC c

5GiventhatAB=AC—_—;.AD+DB=AF+FC=> )
Ans) AD + FC (tangents from an ¢xternal point gre eqﬁlg) +DB =

pB = FC = BE =EC (tangents from ap external point are equal)

(3) In figure if £ATO = 40°, find LAOB, e
AnS) LATB=2X40= 80°, +A0B = 180° — gpo

= 100°

In figure, common tangents AB and CD to the two o ;
al:)E prove that AB = CD. o circle 0; and 0, intersect

ans) EA=ECand EB=ED = EA+ EB = EC 4 Ep = pp = p

5) In given figure, AB is the diameter of a circle with cent :
) if 2AOQ = 58°, find 2ZATB, centre O and AT is a tangent.

1
ans) 2ABQ = 1 X 58 = 290
LBAT = 900, LATB = 1800 — (90 + 29) = 610

(6) In the given figure, PA and PB are two tangents drawn
acircle with centre C and radius 4 cm. If PA L PB, then fi

tangent. .
Ans) Join CA and CB, then CAPB is a square. PA =PB =4 cm,

from an external point P to
nd the length of each

(7) Two concentric circles are of radii 7 cm and r em respectively, where r> 7 cm . A chord of the
larger circle, of length 48 cm, touches the smaller circle.

Find the value of r.
Ans)AC=BC=24cm, By using Pythagoras theorem , OA =r=25cm

. (8) In the given figure, PQ is a tangent at a point C to a circle with centre O. If AB
isa diameter and ZCAB = 30°. Find 2PCA.

Ans)JoinOC, OA=0C= L0AC = £0CA = 30°
£PCA = 90° — 30° = 60°

(9) In figure, CP and CQ are tangents to a circle with centre O. ARB is another

tangent touching the circle at R. IfCP =11 cm, and BC = 7 cm, then find the length
of BR.

Ans)CQ=CP=11cm=CB+BQ=1lcm=CB+BR=1lcm=
BR=11cm—-7cm=4cm.

(10) Find the perimeter (in cm) of a square circumscribing a circle of radius ‘a’ cm.
Ans) Radius = R

AB=a+a=2a

“ Perimeter = 4(AB) =4(2a) =8acm
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CEYTwo tangents T and '1Q are dravn to a oleele with eentro O from in axternal polnt T, Prove thg

ZPTQ = 2 201, -

ANS) Lot 2P1TQ = x , Now, TP =TQ, S0 TPQ I un froseolos trlangle. 4 N

Pherefore, 2110 = £TQP = Y (180° = x) = 90 = % x and £0PT = 90 Il \i )
¥ }\

- A e g

£0PQ = LOPT = £1PQ = 90° = (90° = V4 x) = Y x = ¥4 &1TQ,
£PTQ = 2£0PQ i

(2) I aripht trlangle ABC, rlpht-angled at B, BC = 12 em and A= 5 cm, Galeulate the radlug of (e
¢lrele fnsertbed in the telangle (in em),
Ang) AC = 13 em , (By Pythagoras theorem) )
Aren o AABC = Aren o AAODB 4 i, of ABOC + ar, ol AAOC
60 = (A3 BC 4 AC)
60=30r= r=2cm

(3) In the figure, AP and BP are tangents Lo a elrele with eentro O, sueh that
AP =5 em and 2A1PB = 60°, Find the length of chord AD,
Ans) PA = PB ..[Tangents deawn from an external point are equal |
= LPAD = LPBA = LAPD = 60°
S APADB is an equilateral triangle
Hence, AB = AP = 5 cm ... [ All sides of an equilateral trlangle are equol]

(4) In the figure, a circle is inseribed in a trlaogle PQR with PQ = 10 ¢cm, QR =8 cm and PR = 2 ¢m,
Ffind the lengths of QM, RN and PL.
Ans) Let PL=PN=xcm,QL=QM=ycm, RN=MR =zcm

PQ=10cmexty=10..01), QR=8cm=yz=8..(ii)

PRe [2eme=x-kz=12,.(l)

By adding (i), (It) and (iii), N
2% 12y 2z e [0+ 8412 = 2x+y+2z)=30 : W
= Xckyhze=ls = 104+z=15.,, [From ()] a I
]

Sz 5=10=5cm,y=3cm,x=7cm

QMe 3em, RN= 5¢m and PL = 7em
(5)A corporation of Amaravathi city has allocated a parallelogram ABCD shaped land to construct a
circular cricket stadium touching all the sides of ABCD to BCCI, Show that ABCD is a thombus and

(ind its area if AC = 2,5 km and BD = 3.2 km,

Ans) ABCD is a Il ¥ R C
AP=AS, BP=BQ , CR=CQ, DR=DS[ By known theorem]
By udding the above we get AB +DC = AD +BC = 2 AB = 2 BC g
= AB = BC Q
Therefore , ABCD is a rhombus. Al 5 B
Area of rhombus n% X product of dlagonals = -;- X25X32=45qkm.
(6) In figure, there are two concentric circles, with centre O and of radii 5 em and A
3 em. From an external  point P, tangents PA and PB are drawn to these
circles. IFAP = 12 cm, find the length of BP. G
Ans) Join OA , OB and OP .

By Pythagoras theorem , OP = 13 cm , BP = V169 =9 =+/160 =410 cm,




(7) In the below figure, find the actual length of sides of ®OTP

Ans) By using Pythagoras theorem , OP> = OT + TP? we get x2 — 14x + 33 = 0
By solving the equation we get x =11 and x = 3 (rejected)
OP=13cm, OT=5cm , TP=12cm

(8) In the given figure TAS is a tangent to the circle, with centre O, at the point A. If 2OBA =32°,
find the value of x and y.

Ans) LOBA = £0AB = 32°; x= 90°-320= 58° c
y=3 X LAOB= 58° 4

(DIf AB is a chord of a circle with centre O, AOC is a diameter and AT is the i

tangent at A as shown in Fig. Prove that ZBAT = ZACB \Q‘\

Ans) LABC = 90%(angle in a semi — circle ) | - /3"
LACB = 90° — £BAC .......(1) £BAT = 90° — £BAC ...(2) N\ S '
From (1) and (2) we get £BAT = <ACB -

(10) At one end A of a diameter AB of a circle of radius 5 cm, tangent XAY is drawn to the circle.
Find the length of the chord CD parallel to XY and at a distance 8 cm from A.
Ans) A chord CD is drawn which is parallel to XY and at a distance of 8 cm from A.
Now, ZOAY = 90°
[ =" Tangent at any point of circle is perpendicular to the radius through the point of contact]
Now, in right angled AOEC,
OC? = OE? + EC? [By Pythagoras theorem] = EC2 = OC? — OE2
= EC?=52-32
=EC?=25-9=16

= EC=4cm
CD=2xEC =CD=2x4 =CD=8cm
LONG ANSWER TYPE QUESTIONS ( 5 MARKS QUESTIONS)
(1) (a) Prove that the lengths of tangents drawn from an external point to a circle

are equal. (3M) T R \
(b) In figure, AABC is circumscribing a circle. Find the length of BC. (2M) JEX &
Ans) (a) proof already given in the gist of lesson l 2
(b) BP=BR=3cm and CP=CQ=11-4=7cm : ¥ R
BC=7+3=10cm. il N \
B P

(2)(a) Prove that the radius of a circle is perpendicular to the tangent at the point of contact. (3M)
(b) In figure, AB is a chord of the circle and AOC is its diameter such that ZACB = 50°, If AT is the

tangent to the circle at the point A, then find ZBAT. ; c
Ans) (a) proof already given in the gist of lesson N
(b) LABC =90° o %N,

In AACB, <A +£B+ £C=180° [Angle sum property]
= £A+90°+50°=180° = £A+140°=180° = 2OAB=4(° e
¢BAT =90° - 40° = 50° : A T~
(3) In the figure, a AABC is drawn to circumscribe a circle of radius 3 cm, such that the segments BD
and DC are respectively of lengths 6 cm and 9 cm. If the area of AABC is 54 cm?, then find the
lengths of sides AB and AC.




A
0
IJ foe’ . C
° 0 ¢ < Hhem -)D(—- Yem —>
>
6cm 9cm

Ans) Given; OD =3 cm, OE=3cm; OF =3 cm
ar(AABC) = 54 ¢m?
Join ! OA, OF, OE, OB and OC
LetAF=AE=x, BD=BF=6cm , CD=CE=9cm
“AB=AF+BF=x+6 (i) AC=AE+CE=x+9...(i) BC=DB+CD=6+9=[5¢m
(i)
In AABC,
Arca of AABC = 54 cm? ...[Given]  ar(AABC) = ar(ABOC) + ar(AAOC) + ar(AAOB)
X=3 , AB=9cm and AC=12cm,
(4) In figure, two equal circles, with centres O and O', touch each other at X, OO’ produced meets the
circle with centre O' at A. AC is tangent to the circle with centre O, at the

point C. O'D is perpendicular to AC. Find the value of oo—é)-. c
Ans) £LADO' = £ACO = 90° and 2DAOQ' = CAO (common angle)
AADO'~AACO 29 - 49 M
co AO

no' r 1

— T e— T

co 3r 3
(5)A circular region is inscribed in a triangular boundary as shown in

figure, Each boundary of triangular part is act as tangent to the circle,
where O is centre of circle and OD LBC. Answer the questions based on
above
(a) What will be the radius of the circle, if BD =24 cm and OB =25 cm?
(b) Determine CD, if OC =26 cm,
(c) As AB and AC act as tangents to the circle at E and F and AE = 8 cm, then
~ what is the perimeter of AABC.
(d) Determine area of ABOC.
(e) What is the area of AABC?
Ans) (a) By Pythagoras theorem, OD =7 cm.
(b) CD? =676 — 49 = 627 cm? = CD = 25.04 cm
(c) AsBD=BE and CD=CF=BE=24cm
CF=25.04cm AE=AF=8cm
Perimeter of AABC =AB +BC+ AC
= (AE + BE) + (BD + CD) + (AF + FC)
= (8 +24) + (24 +25.04) + (8 +25.04) = 32 + 49.04 + 33.04 = 114.08 cm
(d) Area of ABOC = 51- x BC x OD =% (49.04) x 7=171.64 cm?

(e) Area of AABC =-21; X (Perimet'gr of AABC) x radius of circle =% x (114.08) x 7

= 399,28 cm?
CASE BASED QUESTIONS(4 MARKS QUESTIONS )
(1) A student draws two circles that touch each other externally at point K with
centres A and B and radii 6 cm and 4 cm, respectively as shown in the
figure.
(i)How many common tangents can be drawn, if two circles touch externally
(ii)Find the length of XY
(iii)(a)Find the sum of the areas of two circles (use = = 3.14)
(OR)




(b)Find the length of PQ
Ans) (i) 3 tangents

(120 em

(iii)(@) Sum of the arcns = 71(R? + r2) = 3,14(36 + 16) = 3.14 X 52 = 163.28 cm?

OR
(b) PA = 10 ¢m and QI3 = 5 em (by Pythagoras theorem)
PQ=PA+AB+QB= 104104 5+«25cm

(2) The picture given below shows n clreular mirror hanging on the wall with a cord, The dingram
represents the mirror s a elrele with centre O, NA and NI are tangents to the circle nt A and I3

respectively such that NA = 30 em and 2AND = 607,
Based on above information answer the following N
(DFind the length of AD

(iDFind meaAQl
(iti)(n) Find the length of ON PR i N
(OR) gf f ;
A I A

(a) Find the radius of the mirror,

Ans) (i) In rt AAMN, 2ANM = 30°

= tan30° = %:ﬁ -\713-== %-:)i = AM = 10v3 cm and AB = 20Y3 cm.

(ii) 2A0B = 120°
0 AN B3
(iii)(a) cos30Y = . g =

ON = % = 20v3 em

(OR)
(b) 0A? = ON? — AN? = 1200 — 900 = 300 = 0A = 10V3 cm

(3) The discus throw is an event in which an athlete attempts to throw a discus. The athlete spins anti-
clockwise around one and a half times through a circle, then releases the throw. When released, the
discus travels along tangent to the circular spin orbit.

In the given figure, AB is one such tangent to a circle of radius 75 cm.
Point O is centre of the circle and ZABO = 30°. PQ is parallel to OA

Based on the above, information:
(i)Find the length of AB.
(ii) Find the length of OB.
(iii) (a) Find the length of AP.
(OR) - -
(iii)(b) Find the length of PQ.
Ans: (i) use tan 30° ratio then AB =75v3 cm
(ii) use sin 30° ratio then OB = 150 cm

(iii)(a) QB = 150 = 75 =75 cm = Q is mid point. of OB Since 5

151 .

o TR '
., !‘1"11
Yey

PQ || AO therefore P is mid point of AB

AP =37.5V3 cm
(iii)(b) QB = 150 =75 =75 cm.
QB _ PQ

ABQP ~ABOA( by AA simllarity) = ~—= —

75
..?_5_= o = PQ = —cm.
150 75 2
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HOTS(HIGH ORDER THINKING SKILLS)

(1) In two concentric circles, the radii are OA= r cm and OQ=6 cm, as shown in the figure. Chord cp
of larger circle is a tangent to smaller circle at Q. PA is tangent to larger circle. If PA=16 cm and

OP=20 cm, find the length CD. AN
Ans)r? =202-162=144 =r=12cm = 0D=r=12cm P \_
DQ?=0D2- 0Q?= 144 — 36 = 108 = DQ = 6v3 cm => CD = 123 cm . ( AT ) o
| C \Lj gs!
(2). In the following Fig, BOA is a diameter of a circle and the tangent at a _,_\/’&
point P meets BA extended at T. If 2PBO = 30°, then find ZPTA . // g \.‘“\\
Ans) As £BPA =90°, ZOBP =2OPB = 30°,£PAB = £OPA = 60°. (g SN
Also, OP 1 PT. Therefore, ZAPT =30° and £PTA = 60°—30° =30°. ) /A T
\ 4
M
(3)If a, b, c are the sides of a right triangle where c is the hypotenuse, prove that
the bradius r of the circle which touches the sides of the triangle is given by 7 = Zl :
a+b-c¢ / ‘
2 /,’!
Ans) : Let the circle touches the sides BC, CA, AB of the right triangle ABC at /,,ffm\__‘ |
D, E and F respectively, /{( 4 \l
where BC =a, CA = b and AB = c (see Fig.). Then AE = AF and BD = BF. // \ i A
Also CE = CD =r.[ OECD is a square] £ IRl

i.e,b—r=AF,a-r=BForAB=c=AF+BF=b-r+a-r
=c=at+b-2r=2r=a+b-c
a+b-c

This gives r = =
(4) In the following Fig. AB and CD are common tangents to two circles of unequal radii. Prove that
AB = CD.

Ans) Produce AB and CD to intersect at P.

PA=PC and  PB=PD
— PA—PB = PC —PD = AB = CD

(5) In the figure, tangents PQ and PR are drawn from an external point P to a

circle with centre O, such that ZRPQ =30°. A chord RS is drawn parallel to SR

the tangent PQ. Find £RQS. v

Ans) Join OQ and OR 300
PR=PQ = InAPQR, £PRQ = £PQR = 759 0 P
LROQ = 150°=> £QSR = 7 £QOR = 75° |

SR Il PQ
= +SRQ = £PQR =75° (alt.int.angles, QR is a transversal )

In AQSR , 2RQS = 180° — (£QSR + £SRQ) = 180° —150° = 30°
£RQS = 30°




