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text.
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SYLLABUS

Class-IX
Marks : 80

Units Unit Name Marks \

L. Number Systems 08

II. Algebra 17

II. Coordinate Geometry 04

IV. Geometry 28

V. Mensuration 13

VL Statistics and Probability 10

\ Total 80

UNIT-I: NUMBER SYSTEMS

1. REALNUMBERS (18) Periods

1. Review of representation of natural numbers, integers, rational numbers on the number line. Representation
of terminating / non-terminating recurring decimals on the number line through successive magnification.
Rational numbers as recurring/ terminating decimals. Operations on real numbers.

2. Examples of non-recurring/non-terminating decimals. Existence of non-rational numbers (irrational
numbers) such as J2 ,\/5 and their representation on the number line. Explaining that every real number is
represented by a unique point on the number line and conversely, viz. every point on the number line
represents a unique real number.

3. Definition of n" root of a real number.

4. Existence of /x for a given positive real number x and its representation on the number line with geometric
proof.

5. Rationalization (with precise meaning) of real numbers of the type L and !
tions) where x and y are natural numberand aand bareintegers. 4 +bvx Vx + \/?

6. Recall of laws of exponents with integral powers. Rational exponents with positive real bases (to be done by
particular cases, allowing learner to arrive at the general laws.)

(and their combina-

UNI-II: ALGEBRA

1.

POLYNOMIALS (23) Periods
Definition of a polynomial in one variable, with examples and counter examples. Coefficients of a polynomial,
terms of a polynomial and zero polynomial. Degree of a polynomial. Constant, linear, quadratic and cubic
polynomials. Monomials, binomials, trinomials. Factors and multiples. Zeros of a polynomial. Motivate and
State the Remainder Theorem with examples. Statement and proof of the Factor Theorem. Factorization of
ax’ +bx +c,a#0wherea, b and c are real numbers, and of cubic polynomials using the Factor Theorem.

Recall of algebraic expressions and identities. Verification of identities:

(x+y+z)=x"+y’ +2"+2xy +2yz + 2zx

(xxy) ' =x"+y'+3xy (x£y)

Xy’ =(xzy) (CFxy+y)

X' +y +2’=3xyz=(x+y +z) (X' +y’ + 2" - xy —yz—zx) and their use in factorization of polynomials.

LINEAR EQUATIONS IN TWO VARIABLES (14) Periods
Recall of linear equations in one variable. Introduction to the equation in two variables. Focus on linear
equations of the type ax + by + ¢ = 0. Prove that a linear equation in two variables has infinitely many solutions
and justify their being written as ordered pairs of real numbers, plotting them and showing that they lie on a line.
Graph of linear equations in two variables. Examples, problems from real life, including problems on Ratio and
Proportion and with algebraic and graphical solutions being done simultaneously.



UNIT -I1II: COORDINATE GEOMETRY
1. COORDINATE GEOMETRY (6) Periods

The Cartesian plane, coordinates of a point, names and terms associated with the coordinate plane, notations,
plotting points in the plane.

UNIT -IV: GEOMETRY

1,

INTRODUCTION TO EUCLID’S GEOMETRY (6) Periods

History - Geometry in India and Euclid’ s geometry. Euclid’s method of formalizing observed phenomenon into
rigorous Mathematics with definitions, common/obvious notions, axioms/postulates and theorems. The five
postulates of Euclid. Equivalent versions of the fifth postulate. Showing the relationship between axiom and
theorem, for example:

(Axiom) 1. Given two distinct points, there exists one and only one line through them.

(Theorem) 2. (Prove) Two distinct lines cannot have more than one point in common.

LINES AND ANGLES (13) Periods
1. (Motivate)Ifaray stands onaline, then the sum of the two adjacent angles so formed is 180° and the converse.
2. (Prove)If two lines intersect, vertically opposite angles are equal.

3. (Motivate) Results on corresponding angles, alternate angles, interior angles when a transversal intersects
two parallel lines.

4. (Motivate) Lines which are parallel to a given line are parallel.
5. (Prove) The sum of the angles of a triangle is 180°.

6. (Motivate) If a side of a triangle is produced, the exterior angle so formed is equal to the sum of the two
interior opposite angles.

TRIANGLES (20) Periods

1. (Motivate) Two triangles are congruent if any two sides and the included angle of one triangle is equal to any
two sides and the included angle of the other triangle (SAS Congruence).

2. (Prove) Two triangles are congruent if any two angles and the included side of one triangle is equal to any two
angles and the included side of the other triangle (ASA Congruence).

3. (Motivate) Two triangles are congruent if the three sides of one triangle are equal to three sides of the other
triangle (SSS Congruence).

4. (Motivate) Two right triangles are congruent if the hypotenuse and a side of one triangle are equal
(respectively) to the hypotenuse and a side of the other triangle. (RHS Congruence)

5. (Prove) The angles opposite to equal sides of a triangle are equal.

6. (Motivate) The sides opposite to equal angles of a triangle are equal.

7. (Motivate) Triangle inequalities and relation between ‘angle and facing side” inequalities in triangles.
QUADRILATERALS (10) Periods
(Prove) The diagonal divides a parallelogram into two congruent triang]les.

(Motivate) In a parallelogram opposite sides are equal, and conversely.

(Motivate) In a parallelogram opposite angles are equal, and conversely.

(Motivate) A quadrilateral is a parallelogram if a pair of its opposite sides is parallel and equal.

(Motivate) In a parallelogram, the diagonals bisect each other and conversely.

AR

(Motivate) In a triangle, the line segment joining the mid points of any two sides is parallel to the third side
and in half of it and (motivate) its converse.

AREA (7) Periods
Review concept of area, recall area of a rectangle.

1. (Prove)Parallelograms on the same base and between the same parallels have the same area.

2. (Motivate) Triangles on the same (or equal base) base and between the same parallels are equal in area.
CIRCLES (15) Periods

Through examples, arrive at definition of circle and related concepts-radius, circumference, diameter, chord, arc,
secant, sector, segment, subtended angle.

1. (Prove)Equalchords of a circle subtend equal angles at the center and (motivate) its converse.
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2. (Motivate) The perpendicular from the center of a circle to a chord bisects the chord and conversely, the line
drawn through the center of a circle to bisect a chord is perpendicular to the chord.

3. (Motivate) Thereis one and only one circle passing through three given non-collinear points.

4. (Motivate) Equal chords of a circle (or of congruent circles) are equidistant from the center (or their respective
centers) and conversely.

5. (Prove) The angle subtended by an arc at the center is double the angle subtended by it at any point on the
remaining part of the circle.

6. (Motivate) Anglesin the same segment of a circle are equal.

7. (Motivate) If a line segment joining two points subtends equal angle at two other points lying on the same
side of the line containing the segment, the four pointslie on a circle.

8. (Motivate) The sum of either of the pair of the opposite angles of a cyclic quadrilateral is 180° and its converse.
CONSTRUCTIONS (10) Periods
1. Construction of bisectors of line segments and angles of measure 60°, 90°, 45° etc., equilateral triangles.

2. Construction of a triangle given its base, sum/ difference of the other two sides and one base angle.

3. Construction of a triangle of given perimeter and base ang]les.

UNIT-V: MENSURATION

1,

AREAS (4) Periods
Area of a triangle using Heron’s formula (without proof) and its application in finding the area of a quadrilateral.
SURFACE AREAS AND VOLUMES (12) Periods

Surface areas and volumes of cubes, cuboids, spheres (including hemispheres) and right circular
cylinders/cones.

UNIT-VI: STATISTICS and PROBABILITY

1,

STATISTICS (13) Periods
Introduction to Statistics: Collection of data, presentation of data — tabular form, ungrouped/grouped, bar
graphs, histograms (with varying base lengths), frequency polygons. Mean, median and mode of ungrouped
data.

PROBABILITY (9) Periods
History, Repeated experiments and observed frequency approach to probability.

Focus is on empirical probability. (A large amount of time to be devoted to group and to individual activities to
motivate the concept; the experiments to be drawn from real-life situations, and from examples used in the
chapter on statistics).
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NUMBER SYSTEMS

1.0 INTRODUCTION

We have learnt about the number line and the representation of natural
numbers, integers and rational numbers on the number line in earlier
classes.

In this chapter, we shall study rational numbers as terminating/
recurring. We shall also study decimals irrational (non-rational)

numbers viz. 2 , J3 and their representation on the number line.

HISTORY

Irrational numbers were introduced by Pythagoras in Greece in 400
B.C. Archimedes (476-550 A.D.) computed digits in the decimal
expansion of m. He proved that m lies between 3.140845 and
3.142857. Ramanujan (1887-1920 A.D.) calculated the value of =,
correct to millions of decimal places.

Let us, first of all, review the representation of various types of numbers
on the number line.

1.1 REVIEW OF NUMBERS

We call the counting numbers as natural numbers:
1,2, 3,
(a) Natural Numbers. The collection of natural numbers is denoted
by N and is written as:
N={1,23, ... 1.

(i) 1 is the first natural number
(i1) There is no last natural number.

(b) Whole Numbers. If we include ‘0" in the collection of natural num-
bers, we get:

0,12 ... .
These are called whole numbers and the new collection is denoted by
W and is written as W =1{0,1,2,3 ........ ).

(i) Every natural number is a whole number
(i1) 0 is a whole number but not a natural number.

[ —

1 Review of Numbers

7 Decimal Representation of Rational
Numbers

a1 Conversion of Decimal Numbers into

Rational numbers of the Type P
q

Irrational Numbers

Irrational Numbers on Number Line
Real Numbers

Visualization of Representation of Real
Numbers on Number Line by
Magnification

Rationalisation

Exponents of Real Numbers

Laws of Integral Exponents

[ R |

(0 oo

J
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(c) Integers. The collection of all natural numbers, 0 and negatives of natural numbers form the collection of integers.
This new collection is denoted by Z and is written as:
Z={.... ,—4,-3,-2,-1,0,1,2,3,4, .ccc..c.. .

(i) Every natural number is an integer (if) Every whole number is an integer
(iii) Every integer is not a natural number (iv) Every integer is not a whole number.

Representation on Number Line
Draw a line XY, which extends endlessly in both directions as shown in the figure as below:

e+
X5 4 -3 2-1 O1 2 3 4 5 Y
Take any point O on the line, which represents the integer zero (0). Let us take a fixed length, called unit length.
Now cut off equal distances on both sides of O.

We can represent each integer by some point on the number line. j

On the right of O, the points at distances of 1 unit, 2 units, 3 units; ............. from O represent the integers 1, 2, 3,
............. respectively.

On the left of O, the points at distances of 1 unit, 2 units, 3 units; ............. from O represent the integers
-1, -2, -3, . respectively.

The line is called number line.

p

(d) Rational Numbers: The numbers of the form -, where p and g are integers and g # 0, are known as rational

numbers. This collection is denoted by Q and is written as:

Q= {E:q;to,p,qu}.
q

(i) Every natural number is a rational number (ii) Every integer is a rational number
(7ii) 0 is a rational number.

(I) Equivalent Rational Numbers:
_15_16_
C45 48T

These are called equivalent rational numbers.
3
For Example: Write three rational numbers, which are equivalent to 7

3x2 3x3 3x4
7x2 7x3 7x4

3
7
3 6 9 12
7

Here,

14 21 28
. . 6 9 12
Hence, three equivalent rational numbers are —,—and —.
14721 28
(I) Simplest Form: A rational number P s said to be in the simplest form if p, g are integers, having no common
q

factor other than 1 and g # 0.
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For Example: Simplest form of each of:
23 4 5 .
= T T e I8
6°9"12"15

(IIT) Representation on Real Line: Draw a line XY, which extends endlessly in both directions as shown in the

figure as below:

B A
< ——>
X 43241 01234 Y
2 2 2 2 2 2 2 2

Take any point O on the line, which represents the integer zero (0). Mark OA = 1 unit.

1 1
Mid-point B of OA denotes the rational number . From O, set equal distances (each having = OB = = unit).

2 2
On the right of O, the points at distances equal to OB, 20B, 30B, ............... denote the rational numbers %,%,%,. .
respectively.
Similarly, on the left of O, the points at distances equal to OB, 20B, 30B, ............... denote the rational numbers
123 -
Y respectively.

Hence, each rational number having 2 as its denominator can be represented on the number line by some point.

Similarly, we can represent the rational numbers —, 3 %, —% by dividing the segments OA and OA’ into three
equal parts.
1 1 )
Then P and Q represent 3 and - 3 respectively when
-1 1
-1 3 3 1
X A Q o P A Y

A and A’ represent 1 and — 1 respectively.

( IMPORTANT RESULTS A

If x and y are two rational numbers, where x < v, then:

e
(7) 5 is a rational number, which lies between x and y

(1) n rational numbers, lying between x and y, are: (x + d), (x + 2d), ..., (x + nd),

—x
where d = ——

\ J
I | sretive Exaveies T

Take a fixed length as unit length in order to represent
3 3 . . I
Example 1: Represent gand —5 on the number line. | integers on this line.

Q p

Solution: Draw a line XY, which extends endlessly in
both directions as shown in the following figure as
below: «— ’ |

X D C B AAO A B C D Y
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(i) On the right of O, take OA = 1 unit. Divide the unit

3
OA into 5 equal parts. OP represents 5 of a unit.

3

Hence, P represents g .

(i1) On the left of O, take OA’ = 1 unit. Divide the unit

3
OA’ into 5 equal parts. OQ represents 5 of a unit.

Hence, Q represents _%

3 3
Example 2: Represent (i) 1; and (i) —2; on the

number line.

Solution: Draw a line XY, which extends endlessly in
both directions as shown in the figure as below:

Take fixed length as unit length in order to represent
integers on this line.

Q P

-2 -1 1|2
X ¢ BB A O A B CD Y
(i) On the right of O, take OA = 1 unit. Divide the 2nd

3
unit AB into 7 equal parts. AP represents 7 of a unit.

Hence, P represents 1;.
(ii) On the left of O, take OA’ = -1, OB’ = 2. Divide the

3
3rd unit B'C’ into 7 equal parts. BQ represents 7 of a

3
unit. Hence, Q represents —27 .

Example 3: Find a rational number between — 4 and 8.

Solution: We know that a rational number lying between

.oxty
xand y (x <y) is >
x+y
Thus, X< <y
Here, x =—-4andy=38.

Rational number between — 4 and 8

1
= Sx+y)

1 1
= S48 =S @=2

MODERN'S abc + OF MATHEMATICS-IX

Example 4: Find five rational numbers between 2 and 3.
Solution: Here, x =2, y =3 and n = 5.
y—x 3-2 1
n+l 5+1 6
Thus, five rational numbers between 2 and 3 are:
(x +d), (x +2d), (x + 3d), (x + 4d) and (x + 5d)

(oD e D D Yoo

Le., lezzlzélzé and 25
6 6 6 6 6

d =

e, 131415 16 17
6 6 6 6 6
Hence, the required five rational numbers between 2 and
3 are
13 14 15 16 17

—,—,—,— and —.
66 6 6 6

Example 5: Find nine rational numbers between 0 and
0.1.

Solution: Here, x =0, y = 0.1 and n = 9.

. y=x_01-0_01

n+1 9+1 10

Thus, nine rational numbers between 0 and 0.1 are:
(x +d), (x+2d), (x + 3d), ..., (x + 84), (x + 9d)

ie., 0.01, 0.02, 0.03, ..., 0.08, 0.09

=0.01.

o1 2 3 8 9
¢ 10071007 100" " 100 100
1 1 3 11 3 7 2 9

Le. TN e~ A A S AN e S A A and P

’100° 50" 100" 25 20" 50 100" 25 100
Hence, the required nine rational numbers between 0 and
0.1 are:

1 13 113 7 2 42
100" 501002520 50100 25 100
Example 6: Insert 100 rational numbers between

5 _-5x10 _ 50
13 13x10 130
8 _8x10 _ 80
13 13x10 130"
Since, -50<-49<-48<..<-1<0<1<2<..<50,
50 49 48
———<—-——<-——=X
130 130 130

1 0 1 2 50

<———<—<—< << —.
130 130 130 130 130

Solution: Here, —

and
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50
Hence, 100 rational numbers between 13- 130 and
8 80
13" 130 &
49 1 0 1 50
_m, cesy _ﬁ, ﬁ, ﬁ/ seey ﬁ.

EXERCISE 1(a)

Short Answer Type Questions (Slab-I)

1. Represent each of the following rational numbers on
the number line:

()3 (ii) 5 (i) -3 (iv)-7.

2. Find a rational number between:

) -2 and 6 ji larldl
(i) -2 an (ii) 1 3

.3 2 .
(i) ~2 and 3 (iv) 0.75 and 1.2.

3. Find three rational numbers between:

) -2 and 5 “lamdl
(i) -2an (i) 5 e

150

Short Answer Type Questions (Slab-II)

4. Represent each of the following rational numbers on
the number line:

3 7
i) (ih) 3 (i) 1.5 (iv) %
3

2
5. Find five rational numbers between 5 and 1

6. Find six rational numbers between 3 and 4.
7. Insert 16 rational numbers between 2.1 and 2.2.

ANSWERS
O A~ N
. (D) (1) Y (1ii) 10 (iv) 0.975.
3 (i 13 4B 118D
-0 =3 1 U 507807 80"

55 62 69 76 83
© 120712071207 120" 120°
22 23 24 25 26 27

7. 2.105,2.11, 2.115,2.12,2.125, 2.13, 2.135, 2.14, 2.145,
2.15, 2.155, 2.16, 2.165, 2.17, 2.175, 2.18.

I Hints To SeLectep Questions NG

7. Take n = 16 so that n + 1 = 17. sod=

y—x 22-21 01

— =0.006.

n+1  16+1 17

1.2 DECIMAL REPRESENTATION OF RATIONAL NUMBERS

We know that a rational number is a number which can be expressed in the form:

p
Er where p, g € Z and q # 0.

A rational number is said to be in lowest terms, if

g € N and p, g have no common factor except 1.

3 4

5
For Examples: 57 12

; etc. are all rational numbers in lowest terms.

So far, we have learnt about the conversion of fractions into decimal numbers and vice-versa. Like all fractions,

a rational number can be expressed as a decimal number.

9
Illustration 1: Express — in the decimal form, by Long Division.

8

9
Hence, g = 0.125.

SWLHS
8
10
8
20
16
40
40
0
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17 8) 17.000{2.125
Illustration 2: Express ) in the decimal form, by Long Division. 16
10
8

17
First of all, we express ) in the decimal form. 20
16

1 40
Hence, decimal form of 3 - 2.125. _40
0

In the above illustrations, we have observed that division process stops after a finite number of steps. Thus there
are finite number of digits in the decimal part of the given rational numbers. Such decimals are called finite or
terminating decimals. We have the proper definition:

Definition: Rational numbers having finite decimal part (or long division terminates after a finite number of steps) are called
finite or terminating decimals.

p
Observation: A fraction E is a terminating decimal only, if the prime factors of q are 2 and 5 only.

For Examples: Each of the following fractions:

1313
274725
is a terminating decimal. [+ Denominator of each has no prime factor other than 2 and 5]

There are rational numbers in whose case the division process never comes to an end. In such cases the remainder
starts repeating after a certain number of steps. Here a digit or block of digits repeat itself.

For Examples: 0.444...,, 0.1777..., 0.123412341234..., 1.3672408672408672408... ; etc.

These decimals are called non-terminating repeating decimals or non-terminating recurring decimals.

These decimal numbers are represented by putting a bar over the first block of repeating part and omitting the
other repeating blocks.

Thus, we write,
0.444.. = 04, 0.1777... = 0.17
0.123412341234... = 01234, 1.3672408672408672408... = 1.3672408.

I | usTrATIVE ExavpLEs I

Example 1: Without actual division, find which of the 23
following rational numbers are terminating decimal | (i) 20 has denominator 80.
fractions: s
5 13 - And 80 =2"x5
N in 2 i 22 = 80 has no prime factor other than 2 and 5.
@ & @) 24 i) o
5 Hence, 0 is a terminating decimal.
Solution: (i) 7 has denominator 64.
2
And 64 =2° Example 2: Find the decimal representation of 3
= 64 has no prime factor other than 2. Solution: By Long Division, we have:
Hence, — is a terminating decimal. 3)2.0(0.666
64 18
: 2
(1) EY has denominator 24. 0
And 24=2"x3 18
= 24 has a prime factor 3, other than 2 and 5. 2
Hence, En is not a terminating decimal. Hence, 3 = 0.666 ........ =0.6.
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