


| Algebra '

9.1 Introduction

Our study so far has been with numbers and shapes. We have learnt numbers,
- operations on numbers and properties of numbers. We applied our knowledge

of numbers to various problems in our life. The branch of mathematics in

which we studied numbers is arithmetic. We have also learnt about figures

in two and three dimensions and their properties. The branch of mathematics

in which we studied shapes is geometry. Now we begin the study of another
“branch of mathematics. It is called algebra.

The main feature of the new branch which we are going to study is the use of
letters. Use of letters will allow us to write rules and formulas in a general

~ way. By using letters, we can talk about any number and not just a particular
number. Secondly, letters may stand for unknown quantities. By learning
methods of determining unknowns, we develop powerful tools for solving
puzzles and many problems from daily life. Thirdly, since letters stand for
numbers, operations can be performed on them as on numbers. This leads to
the study of algebraic expressions and their properties.

You will find algebra interesﬁng and useful. It is very useful in solving
probleins. Let us begin our study with simple examples.

9.2 Matchstick Patterns

Ameena and Sarita are making patterns with matchsticks. They decide to
make simple patterns of the letters of the English alphabet. Ameena takes
two matchsticks and forms the letter L as shown in Fig 9.1 (a). Then Sarita
also picks two sticks, forms another letter L and puts it next to the one made
by Ameena [Fig 9.1 (b)].

(@) (b). © D
" Fig. 9.1

Then Ameena adds one more L and this goes on as shown by the dots in Fig
9.1 (¢).
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9.5 More Examples of Variables |

We have used the letter n to show a variable. Raju asks, “Why not m”? There
is nothing special about n, any letter can be used.

Let us now consider vanables in a more familiar situation.

One may use -any letter as m, L, p, x, y; 7 etc. to show a variable
Remember, a variable is a number which does not have a fixed value.
For example, the number 5 or the number 100 or any other given
number is not a variable. They have fixed values. Similarly, the
- number of angles of a triangle has a ﬁxed value i.e. 3.'It is not a
variable. The number of corners of a quadrilateral (4) is fixed; it is
also not a variable. But # in the examples we have looked at above is
a variable. It takes on various values 3, 4,.....

- Students went to buy notebooks from the
- school bookstore. Price of one notebook is
~ Rs 5. Munnu wants to buy 5 notebooks,
- Appu wants to buy 7 notebooks, Sara wants
to buy 4 notebooks and so on. How much
money should a student carry when she or
he goes to the bookstore to buy notebooks? .

This will depend on how many
notebooks the student wants to buy The students work together to prepare a
table

“Table 3

Number of i 2 | v om
. notebooks : | |
% ot i
~ Total costm 5 0 151201251 ... | J3m}....
rupees : :

The letter m stands for the number of notebooks a student wants to buy; m
is a variable, which can take any value 1, 2, 3, 4, ... . The total cost of m
notebooks is given by the rule:

T__h'e total cost in rupees = 5 x number of note books required = Sm

Mﬁ"
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‘V‘Ve shall denote Ameena’s marbles by the letter x. Here, x is a variable,
which can take any value 1, 2, 3, 4,...,10,..... ,20.,..... ,30,..... . Using x, we

write Sarita’s marbles = x + 10. The expression (x + 10) is read as ‘x plus .

ten’. It means 10 added to x. If x is 20, (x + 10) is 30. If.x 18 30, (x + 10) is 40
and so on.

The expression (x + 10) cannot be simplified further.Do not confuse x +
10 with 10z, they are different.In 10x, x is multiplied by 10. In (x + 10),
10 is added to x.We may check this for some values of x. For example,If
x=2,100=10x2=20and x+ 10=2+10= 12 x= 10, 10x = 10 x 10
=100 and x + 10 = 10 + 10 = 20.

Raju and Balu are brothers. Balu is younger than Raju by 3
'years. When Raju is 12 years old, Balu is 9 years old. When
‘Raju is 15 years old, Balu is 12 years old. We do not know
-Raju’s age exactly. It may have any value. Let x denote Raju’s

age in years, x is a variable. If Raju’s age in years is x, then

~ Balu’s age in years is (x — 3). The expression (x — 3) is read as

. x minus three. As you would expect, when x is 12, (x —3) is 9
and when x is 15, (x - 3) is 12.

EXERCISE

1. Find the rule which gives the number of matchsticks required to make
the following matchstick patterns. Use a variable to write the rule.
a) A matchstick pattern of letter T as

b) A 'matchstick pattern of letter Z as
c) A matchstick pattern of letter U as
d) A matchstick pattern of letter V as
€) A matchstick pattern of letter E as
f) A matchstick pattern of letter S as
g) A matchstick pattern of letter A as

2. We already know the rule for the pattern of letters L, C and F, Some of
the letters from Q.1 (given above) give us the same rule as that given by
L. Which are these? Why does this happen?

wm
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3. Cadets are marching in a parade. There are 5 cadets in a row. What is
the rule which gives the number of cadets, given the number of rows?
(Use n for the namber of rows.)

4. If there are 50 mangoes in a box, how will you write the total numbeér of
mangoes in terms of the number of boxes? (Use b for the number of
boxes.)

5. The teacher distributes 5 pencils per student. Can you
tell how many pencils are needed, given the number
of students? (Use s for the number of students.)

6. A bird flies 1 kilometer in one minute. Can you
express the distance covered by the bird in terms of
its flying time in minutes? (Use ¢ for flying time in
minutes;)

7. Oranges are to be transferred from larger boxes into smaller boxes. When
a large box is emptied; the oranges from it fill two smaller boxes and
still 10 oranges remain outside. If the number of oranges in a small box
are taken to be x, what is the number of oranges in the larger box?

9.6 Use of Variables in Common Rules

Let us now see how certain common rules in mathematics that we have already
learnt are expressed using variables. i

Rules from geometry

We have already learnt about the perimeter of a square and of a rectangle in
the chapter on Mensuration. Here, we go back to them to write them in the

form of a rule.
!

1. Perimeter of a square We know that

_ perimeter of any polygon (a closed figure made
up of 3 or more line segments).is the sum of I
the lengths of its sides. A square has 4 sides
and they are equal in length (Fig 9.6).
Therefore,

The perimeter of a square = Sum of the lengths . l
of the sides of the square = I'xIxIx1] =4l Fig 9.6

Thus, we get the rule for the perimeter of a square. The use of the variable

, : @ﬁ
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and so on. The concept of variables which you have learnt will prove very
useful in writing all such general rules and formulas.

Rules from arithmetic

3. Commutativity of addition of two numbers:
We know that
4+3=T7and3+4=7
ie.4+3=3+4 .
As we have seen in the chapter on whole numbers, this is true for any

~ two numbers. This property of numbers is known as the commutativity

of addition of numbers. Commuting means interchanging. Commuting
the order of numbers in addition does not change the sum. The use of

variables allows us to express the generality of this property in a concise
way. Let a and b be two variables which can take any number value.

Then,a+b=b+a
Once we write the rule this way, all special cases are included in it. If a =
4andb=3, weget4+3=3+4.fa=37andb=73, weget37+73=
73 + 37 and so on.

‘4. Commutativity of multiplication of two numbers
We have seen in the chapter on whole numbers that for multiplication of

two numbers, the order of the two numbers being multiplied does not
matter. For example,

4%x3=12,3%x4=12

‘Hence, 4 x3=3x4

This property of numbers is known as commutativity of multiplication
of numbers. Commuting (interchanging) the order of numbers in
multiplication does not change the product. Using variables a and b as in
the case of addition, we can express the commutativity of multiplication
of two numbers asa xb=b xa ‘

Note that a and b can take any number value. They are variables. All the
special cases like 4 x 3=3 x4 0r37x73 =73 x 37 follow from the
general rule.

: 11
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1. The side of an equilateral triangle is shown ]
by I Express the perimeter of the equilateral
triangle using /.

2. The side of a regular hexagon (Fig 9.8) is
denoted by 1. Express the perimeter of the [
hexagon using /. (Hint: A regular hexagon gy, 93 |
has all its six sides equal in length.)

3 Consider the sum of three numbers 14, 27 and 13; we may do the sum
in two ways:

a. We may first add 14 and 27 to get 41 and then add 13 to it to get
the total sum 54 or

b. We may add 27 and 13 to get 40 and then add it tol4 to get the
total sum 54.Thus,

(14 +2)+ 13 =14+ (27 + 13)
This can be done for any three numbers. This property is known as
the associativity of addition of numbers. Express this property which
we have already studied in the chapter on Whole Numbers, in a general
way, by using variables @, b and c.

9.7 Expressions with Variables

Recall that in arithmetic we have come across expressions like (2 x 10) + 3,
3x 100+ (2 x 10) + 4 etc. These expressions are formed from numbers like
2, 3, 4, 10, 100 and so on. To form expressions we use all the four number
operations of addition, subtraction, multiplication and division. For exampie,
to form (2 x 10) + 3, we have multiplied 2 by 10 and then added 3 to the
product. Examples of some of the other arithmetic expressions are:

3+(@4x5), -3X4+5,

8-7x2, 14 -(5-2),

6x2-5, Sx7-3x4,

7+8x2 5x7-(3x4-T)etc. .

- 2131
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Try to find more such situations. You will realise that there are many statements
in ordinary language, which you will be able to change to statements using
expressions with variables. In the next section, we shall see how we use
these statements using expressions for our purpose.

1. Answer the following:
a) Take Sarita’s present age to be y years
a. What will be her age 5 years from now?
b. What was her age 3 years back?
c. Sarita’s grandfather is 6 times her age. What is the age of her

grandfather?
d. Grandmother is 2 years younger than grandfather. What is
grandmother’s age?

e. Sarita’s father’s age 1s 5 years more than 3 times Sarita’s age.|
What her father’s age? ]
(b) The length of a rectangular hall is 4 meters less than 3 times the
breadth of the hall. What is the length, if the breadth is & meters?
(¢} A rectangular box has height h cm. Its length is 5 times the height |
and breadth is 10 cm less than the length. Express the length and
the breadth of the box m terms of the height.
(d) Meena, Beena and Leena are climbing the steps to the hill top. Meena
is at step s, Beena is 8 steps ahead and Leena  steps behind. Where
are Beena arid Meena The total ntmber of steps to the hill top is 10

less than 4 times what Meena has reached. Express the total aumber
steps using
¢  bustravels at km perhonr It going from to Begspur.
After  bus has travelled is still 20 km away.
) to using v.
@
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n 2n  Condition satisfied? Yes/No
2 No
3 6 No
4 No
5 10 Yes
6 12 No
7 14 No

We find that only if n = 5, the condition, i.e. the equation 2n = 10 is satisfied.
For any value of n other than 5, the equation is not satisfied.
Let us look at another equation. '

Balu is 3 years younger than Raju. Taking Raju’s age to be x years,
Balu’s age is (x — 3) years. Suppose, Balu is 11 years old. Then, let us see
how our method gives Raju’s age.

-We have Balu’s age, x —~3 =11 )

This is an equation in the variable x. We shall prepare a table of values
of (x — 3) for various values of x.

x {314|5(617{8(9]10] 11]12f 13{14{15(16(17{18
x=-310j1 j-f-1-t-1-| =t =19 10]11}12}13|~-{|-

Complete the entries which are left blank. From the table, we find that
only for x = 14, the condition x — 3 = 11 is satisfied. For other values, for
example for x = 16 or for x = 12, thie condition is not satisfied. Raju’s age,
* therefore, is 14 years. -

To summarise, an equation is a condition on a variable. It is satisfied
only for a definite value of the variable. For example, the equation 2n = 10
is satisfied only by the value 5 of the variable n. Similarly, the equation
x —3 =11 is satisfied only by the value 14 of the variable x.

Note that an equation has an equal sign (=) between its two sides. The
equation says that the value of the left hand side (LHS) is equal to the value
of the right hand side (RHS). If the LHS is not equal to the RHS, we do not
get an equation. '

@’i
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found a method to solve puzzles. They want to
explain it to the whole class. ‘

First, they ask Sara to hold a number in her mind.
Then they ask her to multiply the number by 5
and tell the result. She says 60. Appu
immediately says that Sara had 12 in her mind.
Sara agrees. The class is surprised.

Ameena explains:

 Sara held some number in mind. It could have
been anything. So we took it to be x. Now.multiplying xby 5 gives 5x. Sara
said that she got 60. Thus, we have the condition 5x = 60

This condition is just a simple equation of the kind we have learnt. We solved
this equation by our simple method. We replaced the equation in x by

5x[_1=60
We knew[ ] = 959 =12
. Thus x = 12 is the required solution, i.e., it is the number Sara held in her mind.

The whole class clapped. They had learnt how useful equations were. The
mathematics teacher complemented Appu, Sarita and Ameena. She added,
“Puzzles and problems from everyday life which are much more challenging
than that presented by the trio can be solved by using equations. However,
for doing that we have to learn a systematic and general method of solving
equations. We shall learn such a method next year”.

While at the end of the chapter let us closely look at the prbcess of solving
an equation. We took an equation to be a condition on the variable in the
equation. For example, the equation '

5 x = 60 is a condition on x.

Only one value of x, i.e. x = 12, satisfies the equation. To begin with we dg
not know this value. Solving the equation means finding this unknown value.
We can look at x as this unknown. This is what Appu, Sarita and Ameena
did. They did not know the number Sara had in her mind. They took it as
unknown, called it x and got the condition that it satisfies. This condition
was an equation. By solving the equation, they found the ‘unknown’.

&
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Forming and solving an equation, therefore, is a powerful method of finding
unknown values and therefore of solving puzzles and problems.

Beginning of Algebra

It is said that algebra as a branch of Mathematics began about 1550 BC,
i.e. more than 3500 years ago, when people in Egypt started using
symbols to denote unknown numbers.

Around 300 BC, use of letters to denote unknowns and forming
expressions from them was quite common in India. Many great Indian
mathematicians, Aryabhatt (born AD 476), Brahmagupta (born AD
598), Mahavira (who lived around AD 850) and Bhaskara II (born
AD 1114) and others, contributed a lot to the study of algebra. They
‘gave names such as Beeja, Varna etc. to unknowns and used first letters
of colour names [e.g., ka from kala (black), nee from neela (blue)] to
denote them.

The Indian name for algebra, Beejaganit, dates back to these ancient
Indian mathematicians.

The word ‘algebra’ is derived from the title of the book, ‘Aljebar w’al
almugabalah’, written about AD 825 by an Arab mathematician,
Mohammed Ibn Al Khowarizmi of Baghdad.

EXERCISE 9.5

1. State which of the following are equations (with a variable). Give
reason for your answer. Identify the variable from the equations
with a variable.

@17=x+7 ®E-7>5 (c)'g- =2
(d)5x4-8=2x ©x-2=0 (f) 2m < 30
(@2n+1=11 (h)7=(11x2)+p (i).3.2‘1<5

(H20-€10-5)=3x5 &7-x=35

IC-\
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10 Ratio and Proportion

10.1 Introduction

In our daily life many a times we compare two
quantities of the same type. For example, Avnee and
Shari collected flowers for scrap notebook. Avnee
collected 30 flowers and Shari collected 45 flowers.

So, we may say that Shari collected 45 — 30 = 15
flowers more than Avnee.

This is one way of comparison by taking difference. Height of Rahim is 150
cm and that of Avnee is 140 cm. so we may say that the height
of Rahim is 150 cm — 140 cm = 10 cm more than Avnee.

If we wish to compare the lengths

of an ant and a grasshopper, taking

the difference does not express the

comparison. The grasshopper’s
length, typically 4 cm to 5 cm is too long as
compared to the ant’s length which is a few mm.
Comparison will be better if we try to find that how many ants can be placed
one behind the other to match the length of grasshopper. So, we can say that
20 to 30 ants have the same length as a grasshopper.

Consider another example. -

Cost of a car is Rs 2,50,000 and that of a motorbike is Rs 50,000. If we
calculate the difference between the costs, itis Rs 2,00,000 and if we compare
by division; that is 250,000 = 5
50,000 1

We can say that the cost of the car is five.times the cost of the motorbike.
Thus, in certain situations, comparison by division makes better sense than
comparison by taking the difference. The comparison by division is the Ratio.
In the next section, we shall learn more about ‘Ratios’.

10.2 Ratio
Consider the following:

Isha’s weight is 25 kg and her father’s weight is 75 kg. How many times
Father’s weight is of Isha’s weight? It is three times.

e~
.&.ﬂ'-
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8. There are 102 teachers in a school of 3300 students. Find the ratio of
the number of teachers to the number of students.

9. Out of 1800 students in a school, 750 opted basketball, 800 opted
cricket and remaining opted table tennis. If a student can opt only one
game, find the ratio of

a. Number of students who opted basketball to the number of students
who opted table tennis.

b. Number of students who opted cricket to the number of students
opting basketball.

¢. Number of students who opted basketball to the total number of
students.

10. Cost of a dozen peans is Rs 180 and cost of 8 ball pens is:Rs 56. Find
the ratio of the cost of a pen to the cost of a ball pen.

11. Present age of father is 42 years and that of his son is 14.years. Find
the ratio of

(a) Present age of father to the present age of son.

{b) Age of the father to the age of son, when son was: 12.years:old..
(c) Age of father after 10 years to the age of son after 10 years..
(d) Age of father to the age of son when father was. 30 years old..

10.3 Proportion

Consider this situation:

Raju went to the market to purchase tomatoes. One shopkeeper tells him
that the cost of tomatoes is Rs 40 for 5 kg. Another shopkeeper gives the cost
as 6 kg for Rs 42. Now, what should Raju do? Should he purchase tomatoes
from the first shopkeeper or from the second? Will the comparison by taking
the difference help him decide? No. Why not?

Think of some way to help him. Discuss with your fnends
Consider another example.

Bhav1ka has 28 marbles and Vini has 180 flowers. They want to share these
among themselves. Bhavika gave 14 marbles to Vini and Vini gave 90 flowers

B38Y
1
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11.4 Perpendiculars

You know that two lines (or rays or segments) are
said to be perpendicular if they intersect such that
the angles formed between them are right angles.
In the figure, the lines / and m are perpendicular.

90"

Actually no paper folding is needed to
demonstrate perpendicular lines; the corners
of a foolscap paper or your notebook indicate
lines meeting at right angles. ‘

Do This

Where else do you see perpendicular lines around you?

Take a piece of paper. Fold it down the middle and make the ctease. Fold the
paper once again down the middle in the other direction. Make the crease
and open out the page. The two creases are perpendicular to each other.

11.4.1 Perpendicular to a line through a point on it ’ o

Given a line / drawn on a paper sheet and a point P lying
. on the line. It is easy to have a perpendicular to / through P.

We can simply fold the paper such that the lines on both
sides of the fold overlap each other. 4 2

Tracing paper or any transparent paper could be better
for this activity. Let us take such a paper and draw any line
- lonit. Let us mark a point P anywhere on /. ‘

Fold the sheet such that [ is reflected on itself; adjust the fold so that the crease
passes through the marked point P. Open out; the crease is perpendicular to /. .

' : 1.
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