Heights and Distances
TEACHING TASK

1. From the diagram :

Tan300=ﬁ
a A
Lt _h
B oa
a h
>h=—
N R (1)
0
. o_h 300 60 [
Agaln Tan 60 —g D C b , B
l < d >
:> [
\/_ b
:}h:b\/g ........... (2)
Now (1) x (2)
==L x b3
NE)
=h*=ab
= h=+Jab
Ans:B
2. From the diagram C
Tan,Bzﬁ
X
i h
= x=
tan B
=hcot B e i o B ]
= x=hcotf (1) NS " D
t =
Now, tanc d+x
=d+x=hcota
=x=hcota—d = ceeee... (11)

from (i) and (ii)

hecotff=hcota—d

= hcota—hcotf=d

= h(cota—cot f)=d
d

>h=———
cota —cot

Ans: A



3. From diagram

X
Tan 0 =—
y (1)

1+

oh+x 2(h+x) h+x
X 2 2
2h+x

.-.h+x=h(Tan45°+e)

-. The hight of the cloud is h(Tan 45° +H)

Ans : A
4. From diagram

Tana:l

Tanﬂ:2h+y

rd=—2 and =211
Tana Tan S x

y _ 2h+y o

" Tana Tan g

y___ 2 vy
Tanag Tanf Tanp

y Yy _ 2h
Tana Tan Tanp

(Tanﬂ—Tana) 2h

Tana.Tan S B Tan g

y(Tanﬂ—Tanajzzh

Tan o

y 2h

Tana Tan f—-Tana

D
h
E
Jhﬂc

h+y



2h

= d:T— ............. (i)
an f—-Tana

X
Now seca = ;

=>x=d seca

=>x= 2hseca ('.‘from (l'))
Tan f—Tan
2hseca
Hence, the distance between the cloud and the observer is — .
Tan f—-Tan«
Ans: C
5. From the diagram
AB = Building ¢
CE = Hill
A,B = Position of the observers. .
p
X x+h A L]
Now, Tan p= 7 and Tang= d D
h h
=d=xcotp = d=(x+h)cotq
g ]
" xcotp:(x+h)cotq B d E

= xcot p—xcotg =hcotg
= x(cot p—cotq) = hcotg

hcotg
>X=—
cot p—cotg

Now, height of the hill

hcotg

X+h= +h

cot p—cotg

hcotg+hcot p—hcotq

cot p—cotg

hcot p
cot p—cotg
Ans: C
6. In the diagram

C,D = Position of the boats

A = Position of the observer
AB = Light house

h
Tang =— Tanf =
Now, ¢ 7 and Tix



Ans:

=d

=X

h
= =>d+x=
Tan ¢ * Tan @

h h
g +x=
Tan ¢ Tan @
__h _h
Tanfd  Tang

Tang—Tan @
Tan6.Tan ¢
.. The distance between the two boats is

h(Tan¢$—Tan0)
Tan 6. Tan ¢

B
In the diagram D = position of the observer

AB = Flag staff BC = Vertical tower
h+x

Now, Tana =§ and Tan g =

X h+x
Tana Tan g

) x  h+x
" Tana Tanf

X h X
= = +
Tana Tanf Tanp

X X h
j— — =
Tana Tanpf Tanpf

. 11 _h
Tanae Tanf ) Tanp
Tan f—Tan h
=X =
Tana.Tan S Tan S

hTana
=>x =
Tan f—Tana

) ) hTana
Height of the tower is .~ B—Tana

Ans : B

< W > >

(24




8. In the diagram AB = Tower
P,Q = Position of the observer A

Given a+ =90
= Tan(a + ) =Tan90° h

Tana+Tanf Not defined 7 B
(1-Tana.Tan 3) ot detthe

= 1-Tana.Tan S =0 < a >

= Tana.Tan g =1
h h
=>——=
a b
= h>=ab
= h=~lab

. Heigth of the tower is /gp
Ans: A

1

In the above diagram AB = Altitude of the aeroplane C,D = Opposite sides of the
banks of a river

CD =x = width of the river.

Now, Tan 60° = %

200
= =
V3 d

200
:>d:$ and Tan45° = 200

d+x
=d+x=200

@+x=200

NE]
200

= x=200-—=

335—1J

= x=200] X1 —
5

Ans : B



10. In the diagram AB = First pole
CD = Second pole

C
BD = 15mt; CD=24mt T30
Let AB = t
© . 24-x
CE=(24—x)mt 5
30 —
, 24-x A E
In AAEC, Tan30° = 15
1 _24-x X *
Boo15
15 B s —D
=>24—-x=—
NG
=24-x=8.67
= x=24-8.66

= x =15.34 (opprex)
Ans: C

11. In the figure AB = Window, CD = Building, BD = Road, given AB = h

C

X
0—¢

B [lE

A ]

46 b

. h

B D

b

h )
Now, tang = 7> )

tan(0 — §) = %

tanfd —tang x

1+tan0-tan¢5_b

sin@ h

—,_cos® b _*
| sin@ h g (- from(@)
cosd b

N bsin@—hcos@ _x
bcos@+hsind b




b(bsinﬁ—hcos&)
=x=
bcosO + hsin@

- Height of the building = j+x

b(bsin@—hcosb)
bcos@+ hsin @

h+x =

b* sin @ — bhcos 6 + bhcos @+ h* sin 0
bcos@+ hsin@

(b +#)sin 6
~ bcos@+ hsind

ANS: C

12. In the figure A, B = positions of the observers, CD = Tower, AB = d

o P T
A B D

«— d—» «— x —»

Let BD=x,CD =h

h
Now, Tanf3 =— and Tana =
X d+x

=x=hcotf and J+x=hcota
sd+hcotff=hcota

= h(cota—cotB)=d
.
cota —cot

d

.. Height of the tower= ——
cota —cot B

ANS : B



13. Statement I

In the figure 7an60" =— Tan30° = 2
X b
h, 1 h
3 = — _— =
3 . =
g ..
:>x—\/§—>(z) :>x:\/§h2—>(zz)
From (i) and (ii)
h, NG
—=~/3h
NE] 2
= h, =3h,
=h:h,=3:1 A
Hence, Statement I is correct
Statement II
In the figure hs
8 (\/)@
h h __[ 1\ 2
tan@ =-L tan @, = =
an g, L and tand, . B . £
=>x= i X = hy
tan 6, and tan 6,
= b __h
tang, tand,
h _tang
h, tan,

= h :h,=tang, :tan G,
Hence, Statement II is correct.

Also, Statement II is the correct explanation of Statement I
ANS : A



14.

ANS :
15.

Statement I

From the figure T an30’ = ——

1 h
> — =

J3ox+y

= x+ :\/gh—>l
y

Again Ta}’l600 = ﬁ
Y

xX+y

h
N x+——=~/3h
Now, from (i), 5

300 60° r

«—— X —» Yy —>

It is not possible to find h value unless we know x value.

.. Statement I is incorrect.
Statement II : See the answer given for question number 12.

- Statement II is correct.

D
Statement I

h
From figure Tanf = 3

= h=bTanp

Also, Tana = ﬁ
a

=>h=a Tana ..............

Now, (i)x (ii)= h’* =abTana -Tanf

=>h= \/abTana-Tanﬂ

Statement I is incorrect.
Statement II : Given ¢ =9m¢, b=4mt

a =30 B=060°

Now, h= \/ab Tana - Tanf

:\/9><4><Tan300 -Tan60’




ANS :

16.

- /36x%><\/§

=36

=6mt

Hence, Statement II is correct.
D

Statement I

h h
From figure Tana =~ and Tanﬂ:;

Also, a+ =90
:>Tan(a+,6’)=Tan90°
Tana +Tanp
1-Tana -Tanp
= 1-Tana -Tanf =0
= Tana -Tanp =1
h h
= ——=
Xy

= Not defined

1

:>h2=xy

:>h=\/5

Hence, Statement I is correct.

Statement II

Given x=a’+5b*, y=2ab
We have, h=.xy

h=\(a’+b)2ab a+b

Statement II is incorrect.

ANS: C

17.

h(Tana +Tanf)
d =
We have Tano -Tanf

Given h=10mts, o = 45", f=30"

. 10(Tan45° +Tan30°)
" Tand5° - Tan30°

10




5)
10 1+
:—1\/5:10(\/§+1)mt
l—
NE)
ANS: A
18. Given 4 =203, =15", 8 =30"

h(Tan15° + Tan30°)
Tanl15° - Tan30°
1
h(2—ﬁ+fj
— 2043 = 13
(2—\/§)><

3

We have 20\/_ =

&

e

:>2O\/_=h(§—_2

-3
=(203)(2-+3)=h(23-2)
=1033(2-43)=h(-3-1)
1043(2-43)

—h=— )
-1

ANS: B

19. Given ¢ =45, g =302mz¢> h=2mt then tan g

(Tan450 +Tanﬂ)

2
We have 3052 =
© have Tan45’ -Tanf

3043 = 2(1+Tan,6’)
Tanp

— 3042 TanfB =2+2Tanf
- (30\/5—2)Tanﬂ =2

2
:>T(l}’l =
p 3042 -2

= Tanp =

152 -1

ANS: B
11



h(Tanﬂ+Tana)
Tanp —Tana
Given o =30°, =60
h(Tan6O0 +Tan300)
Tan60° —Tan30°

fou

55)
:H:@

2
= H=2h
=>h:H=1:2

ANS: A
21. We have

_h(Tan,B—i—Tana)
- Tanp —Tana
H(Tanp —T.
he (an,b’ ana)
Tanpf + Tana

20. We have H =

=H-=

1 1
H _
cotff cota
h=
1 1
+
cotff cota

H (cota —cot )
(coter +cot B)

=

=h=

ANS : A
22. Given g =0°

B h(Tanp +tan0°)
Now = (Tanﬂ—tanOO)

e h(Tanﬂ+Tan—0°)

(Tanﬂ—TanOo)

=>H=h

Now, j? 4+ H? =24% or 72
.. The possible answer is 2.
ANS: B

12



23.
In the above figure

AB and CD are the poles.
. AB=16 mt, CD =10 mt

- AF = 6 mt

AC = Length of the wire.

Now in 2AFC,sin30° :?

1_

6
2 1
=[1=12cm
24.

a) AB = Tower, BC = Shadow

NGy

:>Tan€=L

J3

= 6 =30°

b) A= Position of the observer

C = Position of the car

Now Tan30° = E
X

L 75

V3ox

— x=753

h
cos60’ = —
° 15

_

1
:>_
2 15
:>h=£mt
2

d) Here AB = Pole,
Given AB = BC

S Tan@ = ﬁ
BC

= Tand =1
= 0 =45"
ANS: a—>g,b—>t,c>r,d—>s

A

16

10

30° (

il

75mt

V3h

30°

15

BC = Shadow of the pole

13



h : h
25. a) From figure, Tan45" =10 sin 45" =7 B
a | h 1 10 .
=>1l=— ==
10 V2oox X
= h=10mt = x=10v2mt _ 45°
A 10mt
The length of the entire tree = AB + BC
= h+x
= 10+10v2
= 10(v2+1)me
A
60
b) From figure Tanl5’ =
— \/g—l _@ 60mt
3+l x
= x =60 @
J3-1
c) Hence, AB = Building, CD = Hill A, B = Positions of the observer
H-h H
Tanb, = —— Tanf, =—
Now, {an6, 7 ang, 7
gtz (i) R S (ii)
Tang, Tano,
from (i) & (ii) C .
H-h_H
Tan6, Tanb, H-h
0
A L L]
__H __H __h g E 4
Tan6, Tan6, Tanb,
h h
I Tan®, —Tanb, | _ _ h 0, 15° - |
Tan6,.Tano, Tano, B d D
_ h.Tanb,
Tan®, —Tanb,
d) From the figure
Tané?le—_h Tan92:H+h
d d
SaZh g a=TEh G
Tang, Tano,

from (i) & (ii)



H-h H+h

Tanb, - Tand, D
H H _ h _ h ’
= - = + H-h
Tan61 Tan®, TanB, Tanb,
0 d
=> H (Tan8, —Tanb,) = h(Tan, + Tanb, ) A 91 [ &
h ’ h
h(Tan6, + Tano,) )
= H-= B C =\

(Tan®, —Tanb),)

5 sin 6, N sin 6,
cos® cosd, > H

= H=
sing, sing)
cosd, cosb,

sin @, -cos &, +cos b, -sin 6, j

= H=h|— :
sind, -cos @, —cos b, -sin G,

M H- hsin(é’1 +02)
sin (6, —61)

ANS: a > t,b—>qg,c—>r,d >s

LEARNERS TASK

1. AB = Tower
0 = Angle of elevation of top of the tower

Given AB = BC = 10 unit

. Tanf=—
BC 100 mt

C 100 mt
= Tanf =1

= 0 =45
Ans: C
2. From tigure

AC = Rope 20 mt

AB = Pole

. sin30’ =48 30°
AC c

AB

w ]

1
220

15



Ans :

Ans :

Ans

Ans :

Ans :

Ans

= AB=10mt

C
From figure

Tan60° =A—B
BC

-

— AB =63 mt
B
AB = Pole

BC = Shadow

Tan@zi

53
:>Tan9=\/§
= 0 =60°

A

AB = tower

Tan60’ = ﬁ

BC
_ =48
15

— AB =153
A

Tan45" = 48
15

_AB
15
= AB =15mt
D
In the diagram
AC = slide

. sin30° = AB
AC

=1

= AC =4mt

: C

60’

C 6mt

N

w1

15 mt

16

5«/37 mt B
A
60’ []

C 15 mts B

A
45’ ]

C 15 mts B
A
2mt

30° [
B



8. AC = Ladder

cos60° = BC
AC
1 9.5
- _—=_" ,
2  AC 60 [

A

— AC =19mt ¢

9. AC = string
AB = Height of the kite

48
AC

sin60° =

J3 4B
REN

2 100
= AB =503
Ans : C
10. In the figure

AC = Bridge
BC = width of the river
BC

cos45’ =
Now, 1c

1 BC

= —— =
J2 150

:BC=@=75J§

2

Ans : B

100 mt
60

9.5 mt B

C

4

A

150 mt

' ]
B
50 ]
B

JEE MAINS LEVEL QUESTIONS

1. In the figure AB = Height of the pole
AC = Length of the rope
4B
AC
1 10
3 o p—
2 AC
= AC =20mt
.. The length each rope = 20mt

cos60° =

-. the length of 3 ropes = 3x20 = 60mt

Ans : D

A
60’
10 mt
C B



2. In the figure A
AB, CD are poles and AC is rope 6 mt

C 30°
. sin30° :A—F s F

AC
14 mt 14 mt
1 6 20 mt

27 ac W ¢ :
= AC=12 E D B
Ans : A
3. In the diagram AB = tower BC = Building

A
Tan45’ = BC
CD

_20
CD B
= CD =20mt

=1

20mt

AC
Tan60’ =— 0
Now, D 45

20+ A
=3 20

= 20+h =203
= h =203 -20
= h=20(+3-1)
= h=14mt (approx)
4. From figure g+ =90 A
= Tan(a + B) = tan 90’

M = not deﬁnd
1-Tana.Tanp B

20mt
= 1-Tana.Tanf =0

= Tana.Tanpf =1 B «
D C«—4mt — B

Ans : A

18



5. In the figure AB = Tower BC = First direction CD = second direction
Given BC = 3a and CD = 4a

Now In ABCD
BD? = BC?+CD?
= (3a)*+(4a)?
= 9a2+16a?
= 25a?
. BD=5a

h
Now, Tana =—

3a
Again, Tanﬂzi
Sa
= h=5atan falso h=3a tana
Ans : A,B
6. AB = Mountain
Let BC=xkm
Now Tan30°=ﬁ Tanl5’ = h
’ X 10+ x A
:>L=ﬁ =2-3= 0
V3 ox 10+x
_h
— x=3h :>10+x—m = (o0
h D 10km C X
Now, 10+\/§h—m

= (10+34)(2-3) =1

—20—10/3 + 2\3h=3h = h
5 20103 =h+3h—23 h
= 20-103 =4h-23 1

= 20-10y3 =2h(2-+3)
= 10(2-3)=2h(2-+3)

= 2h=10
= h=5km
Ans : D

19



7. Tan60" :ﬁ
X A

=3=2
X

=>X= T
3 45° 60°

h D C x B

10+x — 10+x —————*

Also) Tan45’ =

_ h
10+ x

=10+x=h

=1

:>10+i:h

NE)
=103 +h=~3h
=(V3-1)h=103
_lov3
\3-1

= h=23.66mt

=h

8. From the figure

Tan45° =—
X
:>1:ﬁ
X
R (i)
Tan30° = h
an _200+x A  200mt B X D
1 h .
jﬁ—m from (i)
—200+h =34

:(\/5—1)/4:200

200
= h=—2"=100(~/3 =1) =273 .2mt
NER (V3-1)

Ans : B

20



In the figure AB and CD are two pillars of equal height.
BD = 100 mt

h A C
100 —x

Now, Tan60° :ﬁ Tan30° =

=

j— =
3 100-x 60° 30°
h B * E 100-x D

> X=— (i) — 100 mt ——

—100—x=+/3%

h
=100-—==3h  from (i

3
= 1003 -h=3h
— 4h =100+/3

= h=253
= h=433mt
In the figure AB = Tower

h
Tano = —
x D p

=x=hcotax ---eeeen (1) b

Tan,ﬁzé o yij
X C
= x=bcotf

= hcota =bcot B ("o from(i))

= h=bcot ftana

tA

In the figure AB = Tower CD = Hill

ﬂ Tan60" :ﬁ
X X A

Tan30° =

50 mt
:>L:ﬂ :>\/_:L i 60° 30

N 5073 (from (i) B x
=S x=50/3 ceeeen (i) = h=150mt

21



ADVANCED LEVEL QUESTIONS
12. From the figure

h
tana =—

h N h
Tanaa  Tanp

o Tana +Tanp .
Tana.Tanp

_ Tana.Tanp
Tana +Tanp

sina sin 3

cosa cosf

sinx N sin
cosa cospf

sina.sin f

=>h=— -
sin & cos S+ cosa.sin [

_ sina.sin 8

=h= sin(a + )

Ans : AB

13. Given a+f=90°
=TanaTanf =1

h  2h

[
|I\)|Q Q
Q

e
IR

—

22



Ans

14.

Ans :

15.

:>hz:a—2
8

=h=

a

22
' _a

.. The height of the smaller pole _2 \/5 mt

a
The height of the larger pole =2/ :ﬁmt

: B,C

Tan4d5s® = H+h

_H+h
d

=1

=d=H+h ... (i) h| N 45"

(|

H-h
Again Tan9=7

:>Tan6’=Z—:_Z (from (l))

= H Tan@+htan@=H —h
=H (1—Tan0)zh(1+Tan6’)

N :h(l+Tan0j

1-Tan6

L =h(00t0+1j

cotd—1
=>H =hc0t(45°—6’)
B

a cosa—cospf

We have Z: sin f—sina

Given o+ =105
Let o =60° and =45

. a_cos60’ —cos45’

" b sin45° —sin60°

11
_a_2 2
b1 B
V202

23

H-h

> H




Ans :

16.

Ans :

17.

Ans :

V2(1-42) 2

a
> — = =
b V2(V2-+B) V3-42
A
_ a _cosa—cosf
Given b sinf-sina
:—:Tan(a+’8j
2
(1]
:>%=Tan[%j since a+ 8=30°

:>£:Tan150
b

:%:2—\/5

a 1

So=— =243
b 2-3

:>2+1=2+\/§+1
a

:>a+b=a(3+x/§)

B
a
Given Z:
:>£=Tan(
b

cosa —cos f

sin f—sina

a+ﬂ}
2

=2 Tun| — | sincea+pf=0"
b 2

=—=0
b
=a=0
C

24



18.

19.

20.

b)

In the figure AC = The length of the wire

AB, CD are the poles.

. 0 _ i _ c <30

Now, sin30" = IC = AC=12mt

1 6 14m
== 0

2 AC 30 n

In the diagram  AB = Height of the cliff £ b
CD = Height of the tower
25 x
Now Tano = 7 = E ]
=>x=25
. The height of the tower = 25+25 = 50mt 7, - *
A o |_

In the figure .

6mt

20m

20mt

C

28.5

15

AB = Height of the tree 2smt
BC = Width of the river ®
h h
Now, Tan60® = — Tan30° =
X 20+ x
h 1 h
=3 =— =>-—==
X V3 20+x
h
—x= ﬁ — 20+ x=~/3h
20+ = 3
NE)
— 3h—" — 20
V3
=2h =203
=h=103
In the figure AB = observer CD = Tower
Tan45° :E A
AE
1.5
CE
=>1=—
28.5 B
=CE=28.5

.. The height of the observer = 28.5+1.5 = 30mt
25




d)

In the figure AB = tower CD = Hill

C
Tan30° :ﬂ
X
L5
\/5 X A h
50
= x=503 o~ %

Again Tan60° = ﬁ

X
h
LB
5043

= h=150mt
AB = Tower

Tan4ds® = @
a

_100
a
= a =100

=1
100mt

100

Now, Tan30° =
xX+a

1 100

B x+100
— x+100=100~/3
— x = 100+/3 =100

—x= 100(\/5—1)

ADDITIONAL PRACTICE QUESTINS
FOR STUDENDTS
See the answer of Q.N0O.20, bit no:C
ABC is the height of the tree before it was broken

Given ABC = 15mt

Let BC = xmt

~AC = (15-x)mt 15-x
X

Now, sin60° = —

15—x ] O\
C
s
2 15—x

= 1543 -3x =2x
= 2+B)x =153
26



153 2-43
YT B B
= x =153(2-3)

Ans: B
3. In the figure AB, CD are two vertial poles. Let AB = hmts then CD = 2h mts

Given o+ =90° C

= Tana.Tanf =1
2h h

= —.—=1
30 30

= 2h* =900

= h* =450

= h=+/450

= h=21.21

. The heights of the towers are 21.21mt and 42.42mt
4. In the diagram PQ = width of the river AB = Height of the tree.

Now, Tan45° :A—B

X A

=1=—
X

= x=AB

P 100-x B X Q
< 100 >

AB
100 —x

Agajn Tan30° =

1=
J3 100—x

—100—x =/3x
—100=3x+x
:>100=(\/§+1)x

100

\/§+1

100 V3-1
B+ Bl
:sxzso(ﬁ—l)

= x=36.5
Ans: D

= x=

27



