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TOPIC - 01
SIMILARITY

1.1 Introduction:

10th (Mathematics II)

i) We have studied Ratio and Proportion. The

statement, 'the numbers a and b are in the ratio % is

also written as, 'the numbers a and b are in proportion
m:n.

ii) For this concept we consider positive real numbers.
We know that the lengths of line segments and area of
any figure are positive real numbers.

iii) We know the formula of area of a triangle.

Area of a triangle = %Base x Height

Similarity (FHEUAT)

1.1 Introduction (U&TE):

39T Ratio and Proportion (TOTe & JHIUT) Aral ST
Hell 3T, a 3T b AT 9 number =T ratio % 32“%’,@?[
statement (\%FH'FT) a 37T b AT T numbers m:n AT ratio
e 3T SEE! FeArea.

T concept EicciEm) general qoy positive real numbers
(Y9 AT ST A1 g9 FHAl. YTl € information
3 lengths of line segments @'&T@E‘Fﬁ Ffiﬁﬁ) SITOT
area of any figure (TET=N ﬂﬁv_cﬁﬁ &ﬁ%} T positive
real numbers 3THdTC.

ST area of a triangle (FTeRIUTE &9%es) = formula
HER 3T,

area of triangle = % base X height

1.2 Ratio of areas of two triangles

Let's find the ratio of areas of any two triangles.

Ex. In A ABC, AD is the height and BC is the base.
In A PQR, PS is the height and QR is the base

. A(AABC) _ BCXAD

1
A(AABC) EXBCXAD
~XQRXPS " A(APQR) ~ QRXPS

A(APQR)

Hence the ratio of the areas of two triangles is equal to
the ratio of the products
corresponding heights,

of their bases and

Base of a triangle is by and height is hi. Base of another
triangle is b, and height is hy, then the ratio of their
by xhy
byxh,

areas =

Suppose some conditions are imposed on these two
triangles,

Condition 1: If the heights of both triangles are equal
then-

A(AABC) _ BCxh _ BC
A(APQR)  QRxh QR

. A(AABC) _ by
" A(APQR) b,

Property: The ratio of the areas of two triangles with
equal heights is equal to the ratio of their
corresponding bases.

Condition 2: If the bases of both triangles are equal
then

A(AABC) _ ABxh,
A(AAPB) ~ ABxh,

_ A(AABC) _ hy
" A(AAPB)  h,
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1.6 Similar triangles

1.6.1 Tests of similarity of triangles

i) For similarity of two triangles, the necessary
conditions are that their corresponding sides are in
same proportion and their corresponding angles are
congruent.

ii) Out of these conditions; when three specific
conditions are fulfilled, the remaining conditions are
automatically fulfilled.

iii) This means for similarity of two triangles, only three
specific conditions are sufficient.

iv) Similarity of two triangles can be confirmed by
testing these three conditions.

v) The groups of such sufficient conditions are called
tests of similarity, which we shall use.

Tests for similarity of triangles (&aﬁw qUE=T
HAIS)

) triangle similar FFUATHIS! AT T8l corresponding
sides ('\qTIT'T EISVREIMIGE 3ot 3T o=t corresponding
angle congruent (Tsh&T) ST IEvTH 3T, ‘T{Tj: RIRSH)
conditions Ut three specific conditions =t fulfill (9T
A ST conditions fulfill SIS Bid; =S g
triangle similar TR three specific conditions ‘ﬁ?’l’[
3TIA. AT three specific conditions TURA I R[0T
TUET R HT & AT 3. 3T PN 37T T U
test for similarity of triangles . U T FrepioT gHey
3T T & SRAATIS! T faferee 31t uraol [ SR,

AAA test for similarity of triangles

“For a given correspondence of vertices, when
corresponding angles of two triangles are
congruent, then the two triangles are similar”.

In A ABC and A PQR, in the correspondence ABC < PQR
if
2A= /P, /B= 2Qand £C= £Rthen A ABC ~ A PQR

3
%

Proof of AAA test

Given: In A ABC and A PQR,
tA= /P, /B= «£Qand £C= £R

£

%

To prove: A ABC ~ APQR

Let us assume that A ABC is bigger than A PQR, Mark
point M on AB, and point N on Ac such that AM = PQ and
AN =PR.

Show that A AMN = A PQR, Hence show that MN || BC.

AN

. . . : AM
Now using basic proportionality theorem, — = NC

MB
NC

. MB .
That is M AN .... (By invertendo)

MB+AM _ NC+ AN

...... (By componendo)

AM AN

. AB _ AC

" AM~ AN

. AB _ AC

" PQ PR

o . AB _ BC

Similarly it can be shown that — = —
PQ QR

. AB_ BC_ AC
"PQ QR PR
~ A ABC ~ A PQR

AAA test for similarity of triangles (F'q??\‘ﬁ?ﬁ Eacaca
HAR)

A triangle AT vertices EEic) given one to one
correspondence TR LY corresponding angle ST

congruent (TH&T) TG X T triangle similar 3T,

Dnyanada Publication House Pune
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# Solved Examples Solution: A XYZ and A MNP,

Ex. (i) In AXYZ, Y =100° £Z = 30°, In A LMN, XY _14_2 YZ_20_2
MN 21 3" NP 30 3

AN 1000'_4 WS &L Lira o em L B TS e It is given that £ Z = 2 P. But £ Z and « P are not
yES AR CTRIEST included angles by sides which are in proportion.
:'"X"'""""""""""""""““": ~ A XYZ and A MNP cannot be said to be similar.
: L i
i \ \ i Ex. (iv) In the adjoining figure BPLAC, CQLAB,
i v Fig. Y M N E A - P: C: A- Q- B, then prove that A APB and A AQC
e , are similar.
Solution: In A XYZ and A LMN, | A
2Y=100°, M= 100°, i P i
v 2Y = M i Q i
27.=30°«£N=30° ~2Z=2N i i
AXYZ ~ALMN ... by AA test i i
. : : A ;B Fig. ¢ |

Ex. (ii) Are two triangles in figure 1.51 similar, S ;
according to the information given? If yes, by which
test? Solution: In A APB and A AQC

_____________________________________ , < APB =90° v (I

i P i 2 AQC = 90° e (ID)

i 6 U i ~ £APB = £ AQC ..from (I) and (II)

i j/\ i 2 PAB= £ QAC (Common angle)

P M 10 Fg NV S5 W ~ AAPB~AAQC .. (AAtest)

Ex. (v) Diagonals of a quadrilateral ABCD intersect
in point Q. If 2QA = QC, 2QB = QD, then prove that
PM_ 62 MN _ 10 DC = 2AB.

uv - 3

L PM N 5
Tuv T ovw i
AndzM= 2V .. Given | Q
APMN ~ AUVW ....... SAS test of similarity i

Ex. (iii) Can we say that the two triangles in figure
1.52 similar, according to information given? If yes, @ ------------------ooooo- :
by which test?

Given: 2QA = QC, 2QB = QD

To prove: CD = 2AB

VAN, i
i i Proof: 2QA=QC -~ Bl 0]

QC 2
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Q.5 Figure W& show WHeAWME construction JER  Solution: In A ADC
£2ADC =90°, £C = 45°, £DAC = 45°

COOASRB W& ®T properties THR 37T ATAS, ATBQ, ;
AD =DC == X 8v2  ..by45°-45°-90° theorem

ATAP 37T ATBR H&d Pythagoras theorem JAX solve V2
O] S e, FHUI=AT equations TOR aMergaes o D=8  ~ AD=8
identity THesaTal, BC=BD+DC
=5+8
~ BC=13

# Solved Examples
Ex. (iii) In fig, £ PQR = 90°, seg QN | seg PR,PN =9,

Ex. (i) See fig, in A ABC, £ B= 90°, 2 A= 30°, AC=14, NR = 16. Find QN.

then find AB and BC
P !
1T TE T T T T T T T T T T T T T 1 : 9 !
PA : ! N |
P | 5 16 |
| 14
i |  Q R
i o\ ! Solution: In A PQR, seg QN | seg PR
' B Fig. C NQz=PNxNR ..theorem of geometric mean
Tt ’ +NQ=+PN x NR
Solution: - m
In A ABC, —3x% 4
2B =90° 2A=30° . 2C=60° ~ 12
By 30°- 60°- 90° theorem,
_ 1
BC= 2 x AC Ex. (iv) See fig, In APQR, 2 PQR = 90°, seg QS | seg
BC=1x14 PR then find x, y, z.
2
BC=7 P i
AB = x AC | |
AB=2x 14 i |
’ : 10 :
AB =73 L :
Ex. (ii) See fig, In A ABC, seg AD | seg BC, 2C = 45°, i s !
BD = 5 and AC = 8v2 then find AD and BC. ! 2N\
|m s ! ' Q y R
! A ! . Fig. i
i bis i Solution: In A PQR, 2PQR 90°, seg QS | seg PR
i i QS=+vPSx SR  (theorem of geometric mean)
| i =VI0x 8
i L c i =vV5%x2x8
BT 5 D 3 | =V5x 16
| Fig. |

_____________________________________
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=45
X = 4—\/§

In A QSR, by Pythagoras theorem
QR2 = QS2 + SR?

= (4V/5)2 + 82

=16Xx 5+ 64

=80+ 64

=144
~QR=12

In A PSQ, by Pythagoras theorem
PQ2 = QSz + PS?

= (4V/5)2 + 102

=16x 5+ 100

=80+ 100

=180

=36 X5
~ PQ =65
Hence x = 4+/5,y =12,z =65

Example (i) @ (iv) @@l- Property of 30°— 60°—
90°, 45°—45°—90°, theorem of geometric mean 3IfoT
pythagorian theorem T use & example e oo
information JHX solve ShTUATAT YT HITEl.

Ex. (v) See fig 2.16, In A ABC, seg AD | seg BC, Prove
that: AB2 + CD2 = BD2 + AC2

______________________________

Solution: According to Pythagoras theorem, in A ADC
AC2=AD2 + CD2

~AD2=AC2-CDz .. (I)

In A ADB

AB2 = AD2 + BD2

~ AD2=ABz-BD2 .. (II)

~ ABZz-BD2=AC2-CD? ....... [From I and II]

10th (Mathematics II)

~ ABZ + CD2 = AC? + BD?

Example (v) - AADC amfoT AADB Tedt pythagorian THRX
equation (i) 3TMT (i) TS, EMEET prove HUITTR
ifraetett expression Tz,

Problem Set - 2

Q.1 Some questions and their alternative answers
are given. Select the correct alternative:

(i) Out of the following which is the Pythagorean

triplet?
(A) (1,5,10) (B) (3,4,5)
A (2 22) (D) (5,5,2)
Ans: (B)

(ii) In a right angled triangle, if the sum of the
squares of the sides making right angle is 169 then
what is the length of the hypotenuse?

(A)15 (B)13 ()5 (D)12

Ans: (B)

(iii) Out of the dates given below which date
constitutes a Pythagorean triplet?

(A) 15/08/17 (B) 16/08/16

(©)3/5/17 (D) 4/9/15

Ans: (A)

(iv) If a, b, c are sides of a triangle and a2 + b2 = c?,
name the type of triangle.

(A) Obtuse angled triangle

(B) Acute angled triangle

(C) Right angled triangle

(D) Equilateral triangle

Ans: (C)

(v) Find perimeter of a square if its diagonal is 10v/2
cm.

(A)10cm (B)40vV2Zcm (C)20cm (D) 40 cm

Ans: (D)

Dnyanada Publication House Pune
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(vi) Altitude on the hypotenuse of a right angled
triangle divides it in two parts of lengths 4 cm and 9
cm. Find the length of the altitude.
(A)9cm  (B)4cm (C) 6 cm (D) 2v6 cm
Ans: (C)

(vii) Height and base of a right angled triangle are
24 cm and 18 cm; find the length of its hypotenuse.
(A)24cm (B)30cm (C)15cm (D) 18 cm

Ans: (B)
(viii) In AABC, AB = 6+/3 cm, AC = 12 cm, BC = 6 cm.

Find measure of 2 A.
(A) 30° (B) 60° (C) 90° (D) 45°
Ans: (A)

Q.2 Solve the following examples:

(i) Find the height of an equilateral triangle having
side 2a.

Solution:
! A i
| 2a 2a i
A\ o, :
| D c |

_________________________________

Suppose the given equilateral triangle be ABC and
seg AD be the height

2 B =60° .. (Angle of an equilateral triangle) ... (1)
In A ADB,

2ABD + £BAD + £ADB = 180°

3.6 Arc of a circle
3.6.1 Arc of the circle:

i) A secant divides a circle in two parts. Any one of these
two parts and the common points of the circle and the
secant constitute an arc of the circle.

ii) The points of intersection of circle and secant are
called the end points of the arcs.

YT
()
| *AUB >k
Fig. *

iii) In this figure, due to secant k we get two arcs of the
circle with centre C-arc AYB, arc AXB.

iv) Major arc: If the centre of a circle is on one side of
the secant then the arc on the side of the centre is called
'major arc'.

v) Minor arc: The arc which is on the other side of the
centre is called ‘minor arc'.

In the figure arc AYB is a major arc and arc AXB is a
minor arc.

vi) If there is no confusion then the name of a minor arc
is written using its end points only. For example, the arc
AXB in figure, is written as arc AB.

vii) Here after, we are going to use the same convention
for writing the names of arcs.

Arc of a circle @lﬂ?ﬁlﬂ’l‘) -
Secant (JETSTEHN) Hob circle = I TN faaoi @i,

Tt VAR TH part 3T secant & circle aRfeT point
ﬁqa;—‘i o= figure T Arc of a circle *UTdId.

Secant =T SAT SSICAT centre of circle ("0@?&%53) 3T @
side =T arc 1 major arc T opposite side (&%{%T 5]
T arc () A minor arc TEUTAT. R figure T arc
AYB @ major arc (ﬁ?ﬂﬂﬁv_ﬁ) ST arc AXB & minor
arc [vlgcivﬂ) 3T, WETRT arc of circle o 7 three letters

Dnyanada Publication House Pune
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e fotfeca™ o A9 FESTl, U RN confusion
(TfeTea) fHioT €id S99t O minor arc ¥ T M end
point (31’?1%1@ TYEUTAT two letters = TeATedTd. SaT.
T figure AETET ST AXB &1 9 AB 3R fetfeda.

3.6.2 Central angle

When the vertex of an angle is the centre of a circle, it is
called a central angle. In the figure, O is the centre of a
circle and 2 AOB is a central angle.

Like secant, a central angle also divides a circle into two
arcs.

Major arc

______________________________

Central angle (ﬁﬁﬁ'ﬂ &) -

The vertex of an angle ®T centre of a circle aX ST,
angle ©T Central angle %UTAld.

Figure T centre O 3T circle 37 £AOB @l Central
angle 3.

Secant T Central angle Heb & circle = & arc T&
Tt 2.

3.6.3 Measure of an arc

To compare two arcs, we need to know their measures.
Measure of an arc is defined as follows.

(i) Measure of a minor arc is equal to the measure of its
corresponding central angle. In figure, measure of
central £ AOB is 6.

~ measure of minor arc APB is also 6.

(ii) Measure of major arc

= 360° - measure of corresponding minor arc.

In figure, measure of major arc AQB

= 360° - measure of minor arc APB =360°-0

(iii) Measure of a semicircular arc, that is of a semi-
circle, is 180°.

(iv) Measure of a complete circle is 360°.

Q’éﬁﬁ'ﬂ%ﬁT Tehld point T intersect HIATT. 3790 circles T
touching circles (\W’?ﬁﬁ@f) U,

Touching circles =t definition @W YT I

TehT plane AL I circles T plane YT TH line
same point T B SElA, X touching circles

U, line I8l circle o common tangent (UEIquéav_
TRTHRT) 3T

Tl circles @ line ATEATAA common point T common
point of contact @W@W@ﬁﬁ@ FUTAI.

Figure (A) AL centre R T S 3THUIRY circles line 1 &1 T AT
TehTd %lg?f AT, FU[ ar gl touching circles 3T line
| & ==l common tangent (HTH'I%%‘ @ﬁ'lﬂ?f) 3. Figure
T circles & externally touching (EI'IERII'Qﬁ) 3.
Figure (B) T circles & internally touching (xﬁﬁ'@?ﬁ)
A line p & tangent 3.

Activity I:

Take three collinear points X-Y-Z as shown in
figure,

i) Draw a circle with centre X and radius XY.

ii) Draw another circle with centre Z and radius YZ.
Note that both the circles intersect each other at the
single point Y.

iii) Draw a line through point Y and perpendicular
to seg XZ.

Note that this line is a common tangent of the two
circles.

Activity II:
Take points Y-X-Z as shown in the figure.

Draw a circle with centre Z and radius ZY.
Also draw a circle with centre X and radius XY.

Dnyanada Publication House Pune
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.....................................

.....................................

Note that both the circles intersect each other at the
point Y.

Draw a line perpendicular to seg YZ through point Y,
which is the common tangent for the circles.

# Let’s think

1) The circles shown in the figure are called
externally touching circles. Why?

Ans: Circles with centres R and S lie in the same plane
and intersect with a line 1 in the plane in one and only
one point T [R-T-S].

Hence, the given circles are externally touching circles.

2) The circles shown in the figure are called
internally touching circles. Why?

4.2 Construction of similar Triangle:

i) To construct a triangle similar to the given triangle,
satisfying the condition of given ratio of corresponding
sides.

ii) The corresponding sides of similar triangles are in
the same proportion and the corresponding angles of
these triangles are equal. Using this property, a triangle
which is similar to the given Triangle can be
constructed.

Construction of similar Triangle (FH&ETQ Freprom=h
) -

Tehl triangle AT side feoa ST, AN simillel
3TUIRT M7 ratio = condition (319 T’Sf HIUTRT
triangle .

T similar triangles =T corresponding sides (HTIFT
§S]) same proportion (Tshrd YHIUM) e 3T
anfor = corresponding angles ('HTIFT Eﬁ?) equal
(Teheq) JHAIT. Il IUINT P feetea triangle il
similar 3THUTRT FIHI0T Hrear 3.

Ex. (i) AABC ~ APQR, in A ABC, AB =5.4 cm, BC = 4.2
cm, AC = 6.0 cm. AB:PQ = 3:2. Construct

A ABC and A PQR.

Rough figure:

o]
>
@)
[ W
g

Construct A ABC of given measure.
A ABC and A PQR are similar.

= their corresponding sides are proportional.

_AB _ BC _AC _3

o E = & = ﬁ = E .......... (I)

As the sides AB, BC, Ac are known, we can find the

lengths of sides PQ, QR, PR.

Using equation (1), 15);3 _42_60_3

QR PR 2
5.4 3 10.8
%—EBXPQ—SLLXZPQ—T

Dnyanada Publication House Pune
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~PQ=3.6cm
4.2 3 8.4
W2 ..3xQR—4.2><2..QR—?
~QR=2.8cm
80 _3 .3xPR=60x2-~PR=22
PR 2 3
~PR=4.0cm

~PQ=3.6cm,QR=2.8cmand PR =4.0 cm.

______________________________________________

I 1
| C |
I 1
I 1
: |
! 6.0 R |
I 1
| 4.2 cm 4.0 i
i 2.8 cm !
: c l
| Q P
, B A |
: 5.4 cm Fig. 3.6 cm i

Example (i) AABC 9 APQR EEic) similarity JHRX APQR
= 99 sides AT length find out sh{ATd. Triangle =T
three sides 5o 31T triangle draw FIoATET Steps follow
FHIUAT 3T IHR similar triangle draw .

Ex. (ii) Construct any A ABC. Construct A A’BC’ such
that AB:A’B=5:3 and AABC~AA’BC’.

Analysis:

=
®

i) As shown in figure, let the points B, A, A’ and B, C, C’
are collinear.

AABC~AA'BC' . 2ABC = 2A’BC’
AB _ BC _ AC _5
A’B~ BC' ~ A'C’ 3

ii) Sides of A ABC are are longer than corresponding
sides of A A'BC’.

~ the length of side BC’ will be equal to 3 parts out of 5
equal parts of side BC.

iii) So if we construct A ABC, point C’ will be on the side
BC, at a distance equal to 3 parts from B.

iv) Now A’ is the point of intersection of AB and a line

through C’, which is parallel to CA.
BA' _BC' 3, BA_BC_S
"BA’  BC' 3

_— = ie.—=—==..... taking inverse
BA BC 5 g

Steps of construction:

i) Construct a A ABC.

ii) Divide segment BC in 5 equal parts.

iii) Name the endpoints of third part of segment BC as
C.~BC =2BC.

iv) Now draw a line parallel to AC through C’. Name the

point where the parallel line intersects AB as A’.
v) A A’BC’ is the required triangle similar to A ABC.

Steps of construction (‘ﬁﬁ?ﬂ qI=4r0):
1) A ABC®T HIVTATES T triangle PIal.
2) Line segment BC 9 g equal part (FHTT HET) HIT.
3) f_@li' B ﬂ%ﬁ?f third point &1 C' A1 =T,

+BC'=2BC
4) ATAr C' AYT line segment CA T parallel line Shlicl.
dl line segment AB <l S B, point T A' ATl
.
5) A ABC I similar (FH®T) 3TURI A A'BC' &

required triangle (% %laﬁ'UT) 3.

Practice set 4.1

Dnyanada Publication House Pune
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Q. 1 AABC~ALMN. In AABC, AB = 5.5 cm, BC = 6 cm,

CA = 4.5 cm. Construct AABC and ALMN such that
BC _5

MN 4

Analysis:

i) For AABC, the lengths of three sides are known.

~ AABC can be constructed.

ii) AABC~ALMN

. AB _ BC _ AC
LM MN LN

triangles are in the proportion)

iii)'5'5— 6 45 5
LM~ MN LN 4

.... (Corresponding sides of similar

2225 M =222 IM=11x4:LM=44cm
LM 4 5

L8 5. MN =24 MN=2. MN = 4.8 cm
MN 4 5 5
4.5 5 4.5X4 18

..m—z--LN— 5 ..LN—?--LM—3.6Cm

iv) For ALMN, the lengths of three sides are known.
~ ALMN can be constructed.

Rough figure:

Q.2 APQR~ALTR. In APQR, PQ = 4.2 cm, QR = 5.4 cm,
PR = 4.8 cm. Construct APQR and ALTR such that

PQ_3
LT 4
Analysis:

i) As shown in the figure, Let R-P-L and R-Q-T.
ii) APQR~ALTR .... (Given)
~ £PRQ = £LRT
.... (Corresponding angles of similar triangles)
L L )
LT TR LR
... (Corresponding sides of similar triangles)

PQ _3 . :
But, T = (ii) .... (Give)

% = % = % = % .... [From (i) and (ii)]
=~ Sides of ALTR are longer than corresponding sides of
APQR.

~ If seg QR is divided into 3 equal parts, then seg TR will
be 4 times each part of seg QR.

iii) So, if we construct APQR, point T will be on side RQ,
at a distance equal to 4 parts from R.

iv) Now point L is the point of intersection of ray RP
and a line through T, parallel to PQ.

~ ALTR is the required triangle similar to APQR.

Construction:

Dnyanada Publication House Pune
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To construct tangents to a circle from a point Q.3 Draw a circle of radius 3.6 cm. Draw a tangent

outside the circle (ﬁﬁ?ﬂ a‘cjmm RO fedear  to the circle at any point on it without using the
ﬁ?jmm} centre.

Steps of construction (ﬁlﬁaﬂ qra=an):

1) Centre O AN HIUTATR! radius o Tk circle <hIal.
2) circle =T exterior (ST&IHMT) e P g1 Uh point EAT.
3) Line segment OP <plcl. @ OP = perpendicular
bisector (CTEGHISTH) HGA midpoint (FHAWE) M
THezaT.

4) %% M T radius OM B3 arc of circle .

5) @I arc of circle (d(ioédvﬂ) QAT circle & A 37O
B point e e,

6) line PA 9 line PB %lel. Line PA 9 line PB =&IT

a’ﬁao"l'aiﬂ required tangent (Eﬂﬁﬁqﬁ '\'JTFQTEFD 3R, Q. 4 Draw a circle of radius 3.3 cm. Draw a chord PQ

of length 6.6 cm. Draw tangents to the circle at

Practice set 4.2 points P and Q. Write your observation about the

Ans:

tangents.

Q. 1 Construct a tangent to a circle with centre P and

radius 3.2 cm at any point M on it. Aps:

Ans: | |
: P P :
s | et
i P 0 i
! 6.6 cm Q !
| S M SKN |

Q. 2 Draw a circle of radius 2.7 cm. Draw a tangent The tangents drawn at points P and Q are parallel.

to the circle at any point on it.
Q. 5 Draw a circle of radius 3.4 cm. Draw a chord MN

Ans: of length 5.7 cm in it. Construct tangents at point M
and N to the circle.

Ans:

Dnyanada Publication House Pune Page 12
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5.7 Slope of a line

When we walk on a plane road we need not exert much
effort but while climbing up a slope we need more
effort. In science, we have studied that while climbing
up a slope we have to work against gravitational force.
In co-ordinate geometry, slope of a line is an important
concept. We will learn it through the following activity.

Activity I
In the figure points A(-2, -5), B(0,-2), C(2,1), D(4,4),

E(6,7) lie on line 1. Observe the table which is made
with the help of coordinates of these points on line L.
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(4,4) (-2,-5) | === =

(0,-2) (2,1)

(2,1) (-2,-5) |=>1_

(-2,-5) (2,1)

|
| Y |
: A l :
I 7 E(,7) |
| 6 |
| s |
! 4 D(4, 4) !
| 3 |
| 2 i
| 1 i
. C(2,1) o
| X'« -3-2-10) £ 23 4 "X
|
I B (0, -2) |
' |
|
| (-2,-9)A |
| |
: w’ I
Lo Y g
Sr. | First | Second Co- Co- Y20
No. | point | point | ordinates | ordinates | X2 — X1
of the of the
first second
point(x1, | point (xz,
y1) y2)
1 C E (2,1) (6,7) |21
6—2
6_3
4 2
2 A D (-2,-5) (4,4) 4-(=5) _
4—(-2)
2_3
6 2

Fill in the blank spaces in the above table. Similarly take

some other pairs of points on line I and ratio % for
2741

each pair.

Form this activity, we understand that for any two
points (x1, y1) and (xz, y2) on line |, the ratio % is
2741

constant.

If (x1, y1) and (xz, y2) are any two points on line I, the

ratio
Y279 i called the slope of the line L
2741
Generally slope is shown by letter . m = —ZZ _Zl
2741

Activity II:

In the figure, some points on line /, t and n are given.
Find the slopes of those lines.

| T |
: N Lo
i C(3,4) i
! ;o
i D(-1,0) B(6,1) !
L 0 A0 N X
1 n :
: Fig. :
| | e

Now you will know,
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(i) Slopes of line I and line t are positive.

(ii) Slope of line n is negative.

(iii) Slope of line t is more than slope of line 1.

(iv) Slopes of lines I and t which make acute angles with
X- axis are positive.

(v) Slope of line n making obtuse angle with X- axis is
negative.

a1 W eI A Elﬁ, line 14T (x1 yy) amfor (X2,yp) AT
HIUTAR T point et % 8l ratio constant (&94'{)
3T,

line 1 @ X1.Y1) foT (x2,52) & HIUEl point
WT‘ﬁFf, a3 % & T ratio & line 1 =T slope (TI3)
FRUIdId.

Slope of line @'@T“IT %) ETY m AT IBRH

5.7.1 Slopes of X-axis, Y-axis and lines parallel to

axes

In the figure, (x1, 0) and (xz, 0) are two points on the X-
axis.

______________________________

1
i : |
1 . M
1
! i
! —> M '
! i
; ©,,) i
l ©,) i
1
D X |
| o &, 0] (x,y 0) :
: \ i
| Fig. :
b mmm 0 .

. 0-0
Slope of X- axis = =
Xp—X1q

In the same way (0, y1) and (0, y2) are two points on the
Y- axis.
Y2—y1 Y2—Y1

Slope of Y- axis —=———= ===
0-0 0

But division by 0 is not possible.

.. slope of Y- axis cannot be determined.

Now try to find the slope of any line like line m which is
parallel to X- axis. It will come out to be 0.

Similarly we cannot determine the slope of a line like
line I which is parallel to Y- axis.

5.7.2 Slope of line — using ratio in trigonometry

In the figure, points P(x1, y1) and Q (x, y2) are on line L
Line ]l intersects X axis in point T.

seg QS | X- axis, seg PR | seg QS

~segPR |l seg TS ... corresponding angle test
~QR=y2-yi1and PR=x2-x1

. QR y2-yi
" PR Ty D

Line TQ makes an angle 8 with the X- axis

From (I) and (1), 2= =tan® - m=tan6
2741

Now seg PR | seg TS, line | is transversal
~ 2QPR =2£QTS .... [Corresponding angles]

From this, we can define slope in another way. The tan
ratio of an angle made by the line with the positive
direction of X-axis is called the slope of that line. When
any two lines have same slope, these lines make equal
angles with the positive direction of X- axis. These two
lines are parallel.

5.7.3 Slope of Parallel Lines

Activity:

Dnyanada Publication House Pune

Page 14



Demo Pages of Book

10th (Mathematics II)

(0,3)

In the figure both line | and line t make angle 6 with the
positive direction of X- axis.

~line | line t .... [Corresponding angle test]
Consider, point A (-3, 0) and point B (0, 3) on line /

Find the slope of line 1.

27yY1 _

Slope of line I = % 30 _3

,—X; 0-(-3) 3
In the similar way, consider suitable points on the line t
and find the slope of line t.

From this, you can verify that parallel lines have equal
slopes.

Here 6 = 45°.

Use slope, m = tan 6 and verify that slopes of parallel
lines are equal.

Similarly taking 6 = 30°, 6 = 60° verify that slopes of
parallel lines are equal.

Slope of Parallel Lines (F’TIFR‘ o Q) -

Figure‘:ﬁﬁ line 1 3TV line ¢ AT I&l YO X - axis =T
positive direction (g ﬁ?ﬂ) 3T e angle © 3.

7 ot 6 = 45° 3T,

Slope (d@), m = tan® & AIEE SR parallel lines &)
slope equal I & TS UTE.

AT O = 30°, 6 = 60° B parallel lines (ETHFR'
M)  slope equal STEATT ITET USATST AT,

# Remember this!

The slope of X- axis and of any line parallel to X- axis is
Zero.

The slope of Y- axis and of any line parallel to Y- axis
cannot be determined.

Remember this (% T é"'{qf)

X - axis 9T fal X - axis e parallel line =T slope (T3)
zero 3T,

Y - axis 9 Tl Y - axis @ parallel line =T slope
T AT AT,

# Solved Examples

Ex. (i) Find the slope of the line passing through the
points A (-3, 5), and B (4, -1)

Solution: Let, x1 =-3,x2=4,y1=5,y2=—1

Y2—V1
X2—X1

_-1-5 _ -6
T4-(-3) 7

=~ Slope of line AB =

Ex. (ii) Show that points P (-2, 3),Q (1, 2),R (4, 1)
are collinear.

Solution: P (-2, 3),Q (1, 2) and R (4, 1) are given points

. — Y27y __2-3 _ 1
Slope of line PQ = X%, 1-(-2) 3

. - Y2oya 172 1
Slope of line QR == Xp—%; 4-1 3

Slope of line PQ and line QR is equal.
But point Q lies on both the lines.
~ Point P, Q, R are collinear.

Ex. (iii) If slope of the line joining points P (k, 0) and
Q (-3, —2) is then find k.

Solution: P (k, 0) and Q (-3, —2)

Slope of line PQ = :;—:E =2

PROBLEM SET - 6

Q.1 Choose the correct alternative answer for each
of the following questions:

-3-k
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(i) sinOcosecO =? Ans: cos 0 = % :
(A)1 (B)O (C) ; (D) V2
Q3 If tan® =2, find the values of other

Ans: (A) 1 trigonometric ratios.
(ii) cosec 45° =? Sol: ,
1 V3 2 P A l
(A) 5 (B)VZ (O 5 ) = 5 5
Ans: (B) V2 i i
(iii) 1+ tan?@ =? (March-19) ; i
(A) cot?0 (B) cosec?0 i i
(C) sec’0 (D) tan?0 i : i
, B C |

Ans: (C) sec?0
Consider A ABC,

(iv) When we see at a higher level, from the ‘Where 2ABC=90° and 2zACB= 0

horizontal line, angle formed is ....

(A) angle of elevation (B) angle of depression

(€ o (D) straight line

AB AB 2
n=—,tan@=2 . —=-
tan 0 BC,tae vl

Ans: (A) angle of elevation *+AB=2kand BC=k

0.2 If sind = R using In right angled A ABC, by Pythagoras theorem,
' T 61

1 )
trigonometric identity. AC? = AB? + B(?
=~ AC? = (2k)% + (k)2
Sol: Given that, sinf = % ......... (Given) ~ AC? = 4k? + k?
~ AC? = 5k?
sin%0 + cos?0 = 1 ..... (Identity) ~ AC=+/5k ... (Taking square root of both the sides,)
ng=AB_ 2k _2
) SIS = e T Bk V5
11 5
(E) +cos“0=1
0= BC_ k _ 1
) COSY =ac ™ VoK V5
s cos?0=1- (g)
AC _ v5k _ V5
cosec9=ﬁ—x—7
s cos?0=1- 3172—211
AC _ VBk _ 5
secH = B_C = T = T
. 2n _ 3721-121
* cos"9 = 3721
« cos?@ = 220
3721

. . 60
Taking square root of both sides, - cos 0 = o1
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# Let's think.

Example: As shown in the adjacent figure, a sphere
is placed in a cylinder. It touches the top, bottom
and the curved surface of the cylinder. If radius of
the base of the cylinder is 'r’

(i) What is the ratio of the radii of the sphere and
the cylinder?

(ii) What is the ratio of the curved surface area of
the cylinder and the surface area of the sphere?

(iii) What is the ratio of the volumes of the cylinder
and the sphere?

Sol: Radius of base of cylinder = radius of sphere
~ Radius of sphere =r

Also, height of cylinder = diameter of sphere
~h=d -

) Radius of sphere _ r
Radius of cylinder r

- Radius of sphere : radius of cylinder = 1:1.

) Curved surface area of cylinder __ 2mrh

Surface area of sphere T 4mr?

2r 2r 1

~ Curved surface area of cylinder: surface area of
sphere = 1:1.

Volume of cylinder __ mr?h

iii)

Volume of sphere gﬂr3
3h 3(2r)
=== . From (I
yrae [From ()]
or_3
4ar 2

-~ Volume of cylinder: volume of sphere = 3:2.

Activity:

Finding volume of a sphere using cylindrical beaker
and water

i) As shown in the above figures, take a ball and a
beaker of the same radius as that of the ball.

ii) Cut a strip of paper of length equal to the diameter of
the beaker. Draw two lines on the strip dividing it into
three equal parts. Stick it on the beaker straight up from
the bottom.

iii) Fill water in the beaker up to the first mark of the
strip from the bottom. Push the ball in the beaker
slowly so that it touches its bottom.

iv) Observe how much the water level rises.

v) You will notice that the water level has risen exactly
up to the total height of the strip.

vi) Try to understand how we get the formula for the
volume of the sphere. The shape of the beaker is
cylindrical.

________________________________________________

TITTTTTT

Sol: The volume of the part of the beaker up to height
2r can be obtained by the formula of volume of a
cylinder.

Let us assume that the volume is V.
~V=mnr¢h=mnxr?x 2r = 2nr3 (~h = 2r)

But V = volume of the ball + volume of the water which
was already in the beaker.

= volume of the ball + % X 273

~ Volume of the ball =V - % X 2Tr3

3 _énrd-2mr® _ 4mrd
B 3 !
Hence we get the formula of the volume of a sphere as V

2
=2mr3 — ST

4
=-Tr
3

A figure HE STGATIHIOT Tk ball 37T ball =T
radius QEIG%T (r) radius IAA Teh beaker (ﬂﬂcﬂﬂ)
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1. Beaker TAT diameter UG (2r) lengthiﬁ Tsh strip
of paper ¥ o= length T three equal parts ShOT=AT
T line TSR HIaT, o strip beaker T TTAT bottom
Wﬁﬁm Beakerqﬁawww
UfeeT qFOId water fill U X ball beaker Hed
bottom T Zhudd TTAHNT STET. Beaker TEIT water
level %‘Tﬁ'ﬁ rises @T@(‘ﬁ) 3T, ¥ e,

Water level &I US<AT JUT height Tdd 3TTeTedl He,
T observation d¥ ball AT volume a7 formula (J)
FY Head & FHS[ =

Beaker ¥ cylindrical (Jaree) STHRM 3TE. =UH
beaker AT 2r U@l height qeeT part 9 volume,
=T 8% BT formula 7 WA, & THS V

filis®
Id V = volume of the ball (a—g{%l Hi%ad) + volume of

the water which was already in the beaker (?ﬂl%j
AT IT0IT TT%S)

Additional Problems for Practice
Multiple choice Questions

1) The diameter of a cone whose slant height is 35
cm and curved surface area is 1320 cm? is

A)12 cm B) 24 cm C) 36 cm D) 72 cm
2) If the volume and height of a cone are 3600 cm?

and 45 cm respectively, then the area of its base is

A) 80 cm?
C) 240 cm?

B) 160 cm?
D) 720 cm?

3) Volume of two spheres are in the ratio 64 : 27.
The ratio of their surface areas is

A) 3:4 B) 4:3 ) 9:16 D) 16:9
4) If capacity of a water reservoir is 92.43m? then it
can hold............. litres of water.

A) 92430000 B) 9243

C) 92430 D) 924300

5) The curved surface area of a frustum of a cone is
21m cm? If the radii of its upper and lower circular
surfaces are 5 cm and 7 cm respectively, then its
total surface area is

A) 33 mcm? B) 53 ™ cm?
C) 95 1t cm? D) 165 m cm?
) Area of sector
Areaof acircle
0 0 180 360
A) T80 B) 360 Q) - D) —-

7) The diameter of a circle is 28 cm. The length of
the arc when the corresponding central angle is 45°,
is
A)1lcm B) 22 cm C) 44 cm D) 88 cm
8) If the area of sector and length of the arc of the
sector are 54 cm? and 18 cm respectively, then the
radius of the circle is

A)3cm B) 6 cm C)9cm D) 36 cm
9) If the measure of an arc of a circle is 36° and its
length is 10 cm, then the circumference of the circle
is

A) 10 cm B) 100 cm C) 36 cm D) 360 cm
10) If the area of minor segment of a circle of
diameter 28 cm is 206 cm? then the area of the

corresponding major segment is

A) 410 cm? B) 412 cm?
C) 2250 cm? D) 2258 cm?
Ans:
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