Chapter 11

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 numbersisarithmetic. We have also learnt about figuresin
two and three dimensions and their properties. The branch of mathematicsin
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 isthe use
of letters. Use of letterswill allow usto write rules and formulasin 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 interesting and useful. It is very useful in solving
problems. Let us begin our study with simple examples.

11.2 M atchstick Patterns

Ameenaand Saritaare making patternswith matchsticks. They decideto make
simple patterns of the letters of the English alphabet. Ameena takes two
matchsticks and forms the letter L as shown in Fig 11.1 (a).
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(@) (b) Fig 11.1 ©

Then Saritaalso pickstwo sticks, forms another letter L and putsit next to
the one made by Ameena[Fig 11.1 (b)].

Then Ameena adds one more L and this goes on as shown by the dots in
Fig 11.1 (¢).

Their friend Appu comes in. He looks at the pattern. Appu aways asks
guestions. He asksthegirls, “How many matchstickswill berequired to make
seven LS’ ?Ameenaand Saritaare systematic. They go on forming the patterns
with 1L, 2Ls, 3Ls, and so on and prepare atable.

Tablel

Numberof | 1| 2| 3| 4| 5| 6 | 7 | 8
Lsformed
Numberof | 2 | 4, 6| 8| 10| 12 | 14 | 16
matchsticks
required

Appu gets the answer to his question from the Table 1; 7Ls require 14

matchsticks.
) Whilewriting thetable, Ameenarealisesthat the number

'5-?*{7 of matchsticks required is twice the number of Ls formed.
L Number of matchsticks required = 2 x number of Ls.
=3 ; A For convenience, let us write the letter n for the number of
Ls. If oneL ismade, n = 1; if two Ls are
made, n = 2 and so on; thus, n can be any
natural number 1, 2, 3,4, 5, .... Wethen write,
Number of matchsticks required = 2 x n.

Instead of writing 2 x n, wewrite 2n. Note
that 2nissameas2 x n.
Ameena tells her friends that her rule
~ givesthe number of matchsticks required for
forming any number of Ls.

Y

F

Thus, For n=1, the number of matchsticksrequired=2x 1=2
For n = 2, the number of matchsticks required =2 x 2 =4

For n = 3, the number of matchsticks required = 2 x 3 = 6 etc.
These numbers agree with those from Table 1.



Sarita says, “The rule is very powerful! Using the rule, | can say how
many matchsticks are required to form even 100 Ls. | do not need to draw the
pattern or make atable, once the rule is known”.

Do you agree with Sarita?

11.3Theldea of a Variable

In the above example, we found a rule to give the number of matchsticks
required to make a pattern of Ls. Therulewas::

Number of matchsticksrequired = 2n

Here, nisthe number of Lsin the pattern, and ntakesvalues, 2, 3, 4,.... Let
us look at Table 1 once again. In the table, the value of n goes on changing
(increasing). As a result, the number of matchsticks required also goes on
changing (increasing).

nisan example of avariable. Itsvalueisnot fixed; it can take any value
1,2 3 4,...Wewrotetherulefor the number of matchsticks required
using thevariable n.

Theword ‘variable’ means something that can vary, i.e. change. Thevalue
of avariableisnot fixed. It can take different values.

We shall look at another example of matchstick patterns to learn more
about variables.

11.4 More Matchstick Patterns

Ameenaand Sarita have become quiteinterested in matchstick patterns. They
now want to try a pattern of the letter C. To make one C, they use three
matchsticks as shown in Fig. 11.2(a).

LRI T

o | IS

(a) (b)
Fig11.2

Table 2 gives the number of matchsticks required to make a pattern of Cs.

Table 2
Number 1(2(3(4 |56 [7 |8
of Csformed
Number 3|/ 69|12|15| 18| 21| 24
of matchsticks
required

ALGEBRA
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Can you complete the entries | eft blank in the table?

Sarita comes up with therule:
Number of matchsticksrequired = 3n

She has used the letter n for the number of Cs; nisavariable taking on values
1,23,4,..

Do you agree with Sarita ?

Remember 3nisthe sameas 3 x n.

Next, Ameena and Sarita wish to make a pattern of Fs. They make one F
using 4 matchsticks as shown in Fig 11.3(a).

(a) (b) (c)
Fig11.3

Can you now write the rule for making patterns of F?

Think of other letters of the alphabet and other shapes that can be made
from matchsticks. For example, U (LI), V (\/), triangle (4\), square (OJ) etc.
Choose any five and write the rulesfor making matchstick patternswith them.

11.5 More Examples of Variables

We have used the letter n to show avariable. Rgju asks, “Why not m’?
Thereis nothing special about n, any letter can be used.

Onemay use any letter asm, I, p, X, y, Z etc. to show
avariable. Remember, avariableisanumber which
doesnot haveafixed value. For example, thenumber
5 or the number 100 or any other given number is
not avariable. They havefixed values. Similarly, the
number of anglesof atriangle hasafixed valuei.e. 3.
It is not a variable. The number of corners of a
guadrilateral (4) is fixed; it is also not a variable.
But n in the examples we have looked is a variable.
It takeson variousvalues, 2, 3, 4, ....
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Let us now consider variables in a more .
familiar situation. @ e

Students went to buy notebooks from the ST
school bookstore. Price of one notebook is N —
¥ 5. Munnuwantsto 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 atable.

Table 3

Number of | 1 2 3 4 5| ... m | ..
notebooks
required

Totalcost | 5 | 10 | 15 | 20 | 25
in rupees

..... 5m

Theletter mstands for the number of notebooks a student wantsto buy; m
is a variable, which can take any value 1, 2, 3, 4, ... . The total cost of m
notebooksis given by therule:

Thetotal cost in rupees =5 x number of note books required

=5m

If Munnu wants to buy 5
notebooks, thentakingm=5wesay — — — — — — — — — —
that Munnu should carry — — — - — - — —— —
¥5x50rz25withhimtotheschool £ ' <& 2
bookstore. W OB

Let ustakeonemoreexample. For
the Republic Day celebration in the 5 a5
school, children aregoing to perform H i
massdrill inthe presence of thechief - E’L J
guest. They stand 10 in arow (Fig & f, ¥
11.4). How many children canthere ¢ 1 I} 1 @
bein the drill? L R

The number of children will _
depend on the number of rows. If Fig114

there is 1 row, there will be 10 children. If there are 2 rows, there will be m
2 x 10 or 20 children and so on. If there arer rows, there will be 10r children
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inthedrill; here, r isavariablewhich standsfor the number of rows and so takes
onvaluesl, 2, 3,4, ....

In al the examples seen so far, the variable was multiplied by a number.
There can be different situations as well in which numbers are added to or
subtracted from the variable as seen below.

Saritasaysthat she has 10 more marblesin her collection than Ameena. |f
Ameena has 20 marbles, then Sarita has 30. If Ameena has 30 marbles, then
Saritahas 40 and so on. We do not know exactly how many marbles Ameena
has. She may have any number of marbles.

But we know that, Sarita's marbles = Ameenas marbles + 10.

We shall denote Ameena's marbles by the letter x. Here, X is a variable,
which can take any vaue 1, 2, 3, 4,... ,10,... ,20,... ,30,... . Using X, we write
Sarita's marbles = x + 10. The expression (x + 10) isread as ‘X plus ten’. It
means 10 added to x. If xis20, (x + 10) is 30. If xis 30, (x + 10) is40 and so on.

The expression (x + 10) cannot be simplified further.

Do not confuse x + 10 with 10x, they are different.

In 10x, x ismultiplied by 10. In (x + 10), 10 is added to x.
We may check thisfor some values of x.

For example,

Ifx=2,10x=10x2=20and x+ 10=2 + 10 = 12.

If x=10,10x=10% 10=100and 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'sageinyears, xisavariable. If Rgju'sageinyearsisx,
then Balu's age in yearsis (x — 3). The expression (x — 3) is
read as x minus three. As you would expect, when x is 12,
(x—3)is9and when xis 15, (x—3) is12.

. EXERCISE 11.1

L

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 patternof letter Tas T
(b) A pattern of letter Zas /



10.

11.

(c) A patternof letter U as | |
(d) A pattern of letter V as \ /
(e) A pattern of letter E as |=
(f) A pattern of letter Sas '=,

(9) A pattern of letter A as ||

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 asthat given by L. Which
are these? Why does this happen?

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
number of rows.)

If there are 50 mangoesin abox, how will you writethe total number of mangoes
in terms of the number of boxes? (Use b for the number of boxes.)

Theteacher distributes 5 pencils per student. Canyou tell how many pencilsare
needed, given the number of students? (Use sfor the number of students.)

A bird flies 1 kilometer in one minute. Can you express the distance covered by
thebird intermsof itsflying timein minutes? (Uset for flying timein minutes.)

. Radhais drawing a dot Rangoli (a beautiful pattern
of linesjoining dots) with chalk powder. She has 9 dots ’ .2 "g

inarow. How many dotswill her Rangoli havefor r rows?

How many dots are thereif there are 8 rows? If there Y B

FE s
are 10 rows? ry ~
LeclaisRadhasyounger sister. Leelais4 yearsyounger = {ﬁr = —
than Radha. Can you write Leela's age in terms of s+
Radha's age? Take Radha's age to be x years. Fig11.5

Mother has made laddus. She gives some laddusto guests and family members;
still 5 laddus remain. If the number of laddus mother gave away isl, how many
laddus did she make?

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 orangesin asmall box are taken to be
X, what is the number of orangesin the larger box?

(a) Look at thefollowing matchstick pattern of squares (Fig 11.6). The squares
are not separate. Two neighbouring squares have a common matchstick.
Observe the patterns and find the rule that gives the number of matchsticks

O It

(@) (b)

Fig 11.6
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intermsof the number of squares. (Hint : If you removethevertical stick at the
end, youwill get apattern of Cs.)

(b) Fig 11.7 givesamatchstick pattern of triangles. Asin Exercise 11 (a) above, find
the general rulethat givesthe number of matchsticksin termsof the number of

triangles.
g E /=§ é;; /g; \v /g; g; ..........
= B
= (a) ®) (©) @

o B Fig 11.7
. E 11.6 Use of Variables in Common Rules

—E L et usnow see how certain common rulesin mathematicsthat we have already
E learnt are expressed using variables.
f.n_% Rules from geometry

E We have aready learnt about the perimeter of a square and of arectanglein
— the chapter on Mensuration. Here, we go back to them to write them in the
o E} form of arule.

E 1. Perimeter of a square We know that perimeter of l
=l = any polygon (a closed figure made up of 3 or more

= line segments) is the sum of the lengths of its sides. ;
= A sguare has 4 sides and they are equal in length

E (Fig 11.8). Therefore,
E—E The perimeter of a square = Sum of the lengths of the !
_E sides of the square Fig11.8
= E = 4 times the length of a side of the square
,ﬁ_i =4 x| =4,

_'E Thus, we get the rule for the perimeter of asquare. The use of the variable
== | alows us to write the genera rule in a way that is concise and easy to

£ remember.
= We may take the perimeter also to be .repr&eented by a varl_abl e, say p.

= Then the rule for the perimeter of a square is expressed as a relation between

the perimeter and the length of the square, p = 4l

2. Perimeter of arectangleWeknow that arectangle A b
has four sides. For example, the rectangle ABCD
has four sidesAB, BC, CD and DA. The opposite b
sides of any rectangle are always equal in length.
Thus, intherectangleABCD, let usdenoteby |, the p ; C

length of the ssidesAB or CD and, by b, the length Fig 11.9



of thesdesAD or BC. Therefore,
Perimeter of arectangle= length of AB + length of BC + length of CD
+ length of AD

=2 x |length of CD + 2 x lengthof BC = 2| + 2b
Therule, therefore, is that the perimeter of arectangle= 2l + 2b
where, | and b are respectively the length and breadth of the rectangle.
Discuss what happensif | =h.
If we denote the perimeter of the rectangle by the variable p, the rule for

perimeter of arectangle becomes p=2l +2b

Note : Here, both | and b are variables. They take on values
independent of each other. i.e. the value one variabl e takes does not
depend on what value the other variable has taken.

Inyour studies of geometry you will comeacross severa rulesand formulas
dealing with perimeters and areas of plane figures, and surface areas and
volumes of three-dimensional figures. Also, you may obtain formulasfor the
sum of internal angles of a polygon, the number of diagonals of a polygon
and so on. The concept of variables which you have learnt will prove very
useful inwriting al such general rules and formulas.

Rules from arithmetic

3. Commutativity of addition of two numbers

We know that

4+3=7and3+4=7

.ee4+3=3+4

As we have seen in the chapter on
whole numbers, thisistrue for any two
numbers. This property of numbers is
known as the commutativity of addition of numbers. Commuting means
interchanging. Commuting the order of numbersin addition does not change the
sum. The use of variables alows usto expressthe generality of thisproperty ina
concise way. Let a and b be two variables which can take any number vaue.

Then,a+b=b+a

Once we write the rule this way, all special cases are included in it.

Ifa=4andb=3,weget4+3=3+4.Ifa=37andb =73,

weget 37 + 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.

ALGEBRA
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For example,

4x3=12,3x4=12

Hence, 4x3=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 variablesa and b asin the
case of addition, we can express the commutativity of multiplication of two
numbersasaxb=bx a

Note that a and b can take any number value. They are variables. All the
specia caseslike

4x3=3x40r37x73=73x 37 follow from the general rule.

5. Distributivity of numbers

Suppose we are asked to calculate 7 x 38. We obviously do not know the
table of 38. So, we do the following:

7x38=7%x(30+8)=7x30+7x%x8 =210+ 56 =266

Thisisawaystruefor any three numberslike 7, 30 and 8. Thisproperty is
known as distributivity of multiplication over addition of numbers.

By using variables, we can writethis property of numbersalsoinageneral
and conciseway. Let a, b and ¢ be three variables, each of which can take any
number. Then,ax (b+c)=axb+axc

Properties of numbers are fascinating. You will learn many of them in your
study of numbers this year and in your later study of mathematics. Use of
variables alows us to express these properties in a very general and concise
way. One more property of numbersisgivenin question 5 of Exercise 11.2. Try
to find more such propertiesof numbersand learnto expressthem using variables.

< EXERCISE 11.2

REESEE

1. Thesideof anequilatera triangleisshown by I. Expressthe
perimeter of the equilateral triangle using |. [ )

2. The side of aregular hexagon (Fig 11.10) is denoted by I.
Express the perimeter of the hexagon using|.

(Hint : Aregular hexagon hasall itssix sidesequal inlength.) ! )

3. A cube is a three-dimensiond figure as 1
showninFig11.11. It hassix facesand ll Fig11.10
: of them are identical squares. The length
I of an edge of the cube is given by |. Find the formulafor the
- ! total length of the edges of a cube.




4. Thediameter of acircleisalinewhichjoinstwo pointsonthe A
circleand a so passesthrough the centre of thecircle. (Inthe

adjoiningfigure(Fig 11.12) AB isadiameter of thecircle; Cis P

itscentre.) Expressthe diameter of thecircle(d) intermsof its

radius(r). B
5. Tofind sum of three numbers 14, 27 and 13, we can havetwo Fig 11.12

ways

(8 Wemay 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 14 to get the sum 54.
Thus, (14 + 27) + 13=14+ (27 + 13)

This can be done for any three numbers. This property is known as the
associativity of addition of numbers. Expressthis property which we have already
studied in the chapter on Whole Numbers, in ageneral way, by using variables a, b
and c.

11.7 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 numberslike 2,
3, 4, 10, 100 and so on. To form expressions we use al the four number
operations of addition, subtraction, multiplication and division. For example,
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), (-3x40) +5,
8—(7x2), 14—-(5-2),

(6x2) -5, (5x7)-(3x4),

7+ (8%2) 5x7)—(3x4-7) etc.

Expressions can be formed from variables too. In fact, we already have
seen expressions with variables, for example: 2n, 5m, x + 10, X — 3 etc. These
expressionswith variables are obtained by operations of addition, subtraction,
multiplication and division on variables. For example, the expression 2n is
formed by multiplying the variable n by 2; the expression (x + 10) isformed
by adding 10 to the variable x and so on.

We know that variables can take different values,; they have no fixed
value. But they are numbers. That is why as in the case of numbers,
operations of addition, subtraction, multiplication and division can be
done on them.

One important point must be noted regarding the expressions
containing variables. A number expression like (4 x 3) + 5 can be
immediately evaluated as (4 x 3) +5=12+5=17

ALGEBRA
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But an expression like (4x + 5), which containsthe variable x, cannot
beevaluated. Only if x isgiven somevalue, an expression like (4x + 5) can
be evaluated. For example,

when x =3,4x +5=(4 x 3) + 5= 17 asfound above.

Expression How formed?

(@ y+5 5added toy

(b) t—7 7 subtracted from t

(c) 10a amultiplied by 10

(d) § x divided by 3

(e =5¢q g multiplied by -5

(f) 3x+2 first x multiplied by 3,
then 2 added to the product

(9) 2y-5 first y multiplied by 2,

then 5 subtracted from the product

Write 10 other such simpleexpressionsand tell how they have been formed.

We should also be able to write an expression through given instruction
about how to form it. Look at the following example :

Give expressions for the following :

(8 12 subtracted from z z—12

(b) 25added tor r+25

(c) p multiplied by 16 16 p

(d) ydivided by 8 %

(e) mmultiplied by -9 —9m

(f) y multiplied by 10 and then 10y +7
7 added to the product

(9) nmultiplied by 2 and 2n—-1

1 subtracted from the product

Sarita and Ameena decide to play a game of
expressions. They takethe variable x and the number
3 and see how many expressionsthey can make. The
condition is that they should use not more than one
out of the four number operations and every
expression must have x in it. Can you help them?

Saritathinks of (x + 3).
Then, Ameena comes up with (x —3).

-

Is (3x + 5) allowed ?
Is (3x + 3) allowed ?
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Next she suggests 3x. Saritathenimmediately makes % .

Are these the only four expressions that they can get under the given
condition?

Next they try combinations of y, 3 and 5. The condition is that they should
use not more than one operation of addition or subtraction and one operation
of multiplication or division. Every expression must have y in it. Check, if
their answers are right.

In the following exercise we shall look at how few simple expressions
have been formed.

0 U

3y—505y+3,5y-3 Is(y + 8) alowed ?
Can you make some more expressions? Is 15y allowed ?

=~ EXERCISE 11.3

1. Makeup asmany expressionswith numbers (no variables) asyou can from three
numbers 5, 7 and 8. Every number should be used not more than once. Use only
addition, subtraction and multiplication.

(Hint : Threepossibleexpressionsare5+(8—7),5—(8—7), (5% 8) + 7; makethe
other expressions.)

2. Whichout of thefollowing are expressionswith numbersonly?

@ y+3 (b) (7x20)-8z
(©5(21-7)+7x2 (d 5
(e) 3x () 5-5n

(@ (7%20)—(5%10)—45+p WA LY

3. Identify the operations (addition, subtraction, division, multiplication) informing the
following expressionsand tell how the expressionshave been formed.

@ z+1L,z-1,y+17,y—17 (b 17y,%,52

() 2y+17,2y—17 d 7m—-7m+3,-7m-3
4. Giveexpressionsfor thefollowing cases.

(& 7addedtop (b) 7 subtractedfromp

(¢) pmultipliedby 7 (d) pdividedby 7

(&) 7subtractedfrom—m () —pmultipliedby 5

(90 —pdividedby 5 (hy pmultipliedby —5 m
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5. Giveexpressonsinthefollowing cases.
(& 11 added to 2m (b) 11 subtracted from2m
(c) 5timesytowhich3isadded (d) 5timesyfromwhich 3issubtracted
(e yismultipliedby —8
(f) yismultiplied by —8 and then 5isadded to the result
(9) yismultiplied by 5and theresult issubtracted from 16

E (h) yismultiplied by —5and theresultisadded to 16.
= 6. (d) Formexpressionsusingtand4. Usenot morethan onenumber operation. Every
= expresson must havetinit.
= (b) Formexpressionsusingy, 2 and 7. Every expresson must haveyinit. Useonly
= two number operations. These should bedifferent.
= 11.8 Using Expressions Practically
= We have already come across practical situations in which expressions are
= useful. Let us remember some of them.
% Situation (described in Variable Satementsusing
= ordinary language) expressions
= 1. Saritahas10 more Let Ameena Saritahas
= marbles than Ameena. have x marbles. (x + 10) marbles.
5 2. Bauis3years Let Rau'sage Bau'sageis
= younger than Raju. be x years. (x —3) years.
= 3. Bikashistwice Let Raju’'sage Bikash’'s age
= asold as Raju. be x years. IS 2x years.
= 4. Rgju'sfather’s Let Rgju's age Raju'sfather's
= ageis2yearsmore be x years. ageis(3x+2)
= than 3 times Raju’s age. years.
E Let uslook at some other such situations.
=
= Situation (described in Variable Satementsusing
= ordinary language) expressions
= How old will Susan Lety be Susan’'s Fiveyearsfrom
= be 5 years from now? present ageinyears. | now Susan will
- be (y + 5) years old.
How old was Susan Lety be Susan’'s Four years ago,
4 years ago? present ageinyears. | Susanwas (y—4) yearsold.
Price of wheat per kg Let price of rice Price of wheat
isRs5less per kg be Rs p. per kgisRs (p—5).
than price of rice per kg.
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8. Priceof oil per litre Let price of rice Price of oil per
is 5 times the price of per kg be Rs p. litreis Rs 5p.
rice per kg.
9. Thespeedof abusis Let the speed of the | The speed of the
10 km/hour more than truck bey km/hour. | busis(y + 10) km/hour.
the speed of atruck
going on the same road.

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

"

- EXERCISE 11.4

1. Answerthefollowing:
(8) TakeSarita'spresent ageto beyyears

(i) What will be her age 5 years from now?

(ii) What was her age 3 years back?

(ii1) Sarita’'sgrandfather is6 timesher age. What isthe age of her grandfather?

(iv) Grandmother is2 yearsyounger than grandfather. What isgrandmother's
age?

(v) Saritasfather’'sageis5 years more than 3 times Sarita’'s age. What is
her father'sage?

(b) Thelength of arectangular hall is4 metersless
than 3 timesthe breadth of the hall. What isthe
length, if thebreadthisb meters?

(c) A rectangular box has height h cm. Its length
is5 timesthe height and breadth is 10 cm less
than the length. Express the length and the
breadth of the box in terms of the height.

(d) Meena, Beena and Leena are climbing the
stepsto the hill top. Meenais at step s, Beena
is 8 steps ahead and Leena 7 steps behind.
Where are Beenaand Meena? Thetotal number
of stepsto the hill top is 10 less than 4 times g P
what Meena has reached. Express the total =742~
number of stepsusing s.

(e) Abustravelsat vkm per hour. Itisgoing from Daspur to Beespur. After thebushas
travelled 5 hours, Beespur isstill 20 km away. What isthe distance from Daspur to
Beespur? Expressitusing v.
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2. Change the following statements using expressions into statements in ordinary

language.
(For example, Given Salim scoresr runsin acricket match, Nalin scores(r + 15)

runs. In ordinary language — Nalin scores 15 runs more than Salim.)

(& A notebook costs p. A book costsz 3 p.

(b) Tony puts g marbles on the table. He has 8 g marblesin his box.

(c) Our class has n students. The school has 20 n students.

(d) Jagguiszyearsold. Hisuncleis4 zyearsold and hisaunt is (4z—3) yearsold.

() Inanarrangement of dotsthere are r rows. Each row contains 5 dots.

3. (& Given Munnu’'s age to be x years, can you guess what (X — 2) may show?

(Hint : Think of Munnu’s younger brother.)
Can you guess what (x + 4) may show? What (3 x + 7) may show?

(b) Given Sara'sagetoday to beyyears. Think of her ageinthefutureor inthepast.

What will thefollowing expression indicate?y + 7,y — 3, y+4%, y— 2%.

(c) Given n students in the class like football, what may 2n show? What may

n
5 show? (Hint : Think of games other than football).

11.9 What isan Equation?

Let usrecall the matchstick pattern of the letter L given in Fig 11.1. For our
convenience, we have the Fig 11.1 redrawn here.

lo L1 L1

(a) (b) ©
The number of matchsticksrequired for different number of Lsformed was
giveninTable 1. Werepeat the table here.
Table 1

Number of | 1 2 314 1|5 6 |7 8 |
L’'s formed

Numberof | 2 | 4 6 |8 |10 |12 |14 | 16 | ...
matchsticks
required

We know that the number of matchsticks required is given by therule,

2n, if nistaken to be the number of Lsformed.

Appu alwaysthinksdifferently. He asks, “We know how to find the number
of matchsticks required for a given number of Ls. What about the other way



round? How does one find the number of Ls formed, given the number of
matchsticks’?

We ask ourselves adefinite question.

How many Lsare formed if the number of matchsticks given is 10?

Thismeanswe haveto find the number of Ls(i.e. n), given the number of
matchsticks 10. So, 2n=10 (D)

Here, we have a condition to be satisfied by the variable n. This condition
Is an example of an equation.

Our question can be answered by looking at Table 1. Look at variousvalues
of n. If n =1, the number of matchsticks is 2. Clearly, the condition is not
satisfied, because 2 is not 10. We go on checking.

n 2n Condition satisfied? YesNo
2 4 No
3 6 No
4 8 No
5 10 Yes
6 12 No
7 14 No

Wefindthat only if n=5, thecondition, i.e. theequation 2n = 10issatisfied.
For any value of n other than 5, the equation is not satisfied.

Let uslook at another equation.

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

WehaveBalu'sage, x—-3=11 2

Thisisan equation in the variable x. We shall prepare atable of values of
(x—3) for various values of x.

X 3|14(5|6(7 (8|9 |10 |11 (12 (13|14 (15|16 |17 | 18
X—3 O|lAN»- |- |-|-|-[|-|92 (1011 |22]113 | - | -

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 examplefor x = 16 or for x = 12, the condition is not satisfied. Raju’s age,
therefore, is 14 years.

To summarise, any equation liketheabove, isa condition on avariable.
It is satisfied only for a definite value of the variable. For example, the
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equation 2n = 10issatisfied only by thevalue5 of thevariablen. Similarly, the
equation x—3 = 11 issatisfied only by the value 14 of the variable x.

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

For example : The statement 2n is greater than 10, i.e. 2n > 10 is not an
equation. Similarly, the statement 2n is smaller than 10 i.e. 2n < 10 isnot an
equation. Also, the statements

(x—3) > 11 or (x—3) < 11 are not equations.

Now, let usconsider 8—3=5

Thereisan equal sign between the LHS and RHS. Neither of thetwo sides
contain a variable. Both contain numbers. We may call this a numerical
equation. Usually, the word equation is used only for equations with one or
more variables.

Let us do an exercise. State which of the following are equations with a
variable. In the case of equations with avariable, identify the variable.

(& x+20=70 (Yes, X)

(b) 8x3=24 (No, thisanumerical equation)

(c) 2p>30 (No)

(d) n—-4=100 (Yes, n)

(e) 20b =80 (Yes, b)

(f) % <50 (No)

Following are some examples of an equation. (Thevariablein the equation
isalso identified).

Fill in the blanks as required :

x+10=30 (variable x) 3

p—-3=7 (variable p) 4

3n=21 (variable ) (5)

é =4 (variable ) 6)

21+3=7 (variable ) (7)

2m-3=5 (variable ) (8

11.10 Solution of an Equation

We saw in the earlier section that the equation
2n=10 D
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was satisfied by n=5. No other value of n satisfiesthe equation. Thevalue of
thevariablein an equation which satisfiestheequation iscalled a solution
totheequation. Thus, n=5isasolution to the equation 2 n = 10.

Note, n = 6 is not a solution to the equation 2n = 10; because for n = 6,

2n =2 x 6 =12 and not 10.

Also, n=4isnot asolution. Tell, why not?

L et us take the equation x—3=11 (2

Thisequation is satisfied by x = 14, because for x = 14,

LHS of the equation = 14 -3 =11 =RHS

Itisnot satisfied by x = 16, because for x = 16,

LHS of the equation = 16 — 3 = 13, which is not equal to RHS.

Thus, x = 14 is a solution to the equation x —3 =11 and x = 16 ishot a
solution to the equation. Also, x =12 isnot asolution to the equation. Explain,
why not?

Now complete the entries in the following table and explain why your
answer isYes/No.

In finding the solution to the equation 2n = 10, we prepared a table for
variousvalues of n and from the table, we picked up the value of n which was
the solution to the equation (i.e. which satisfies the equation). What we used
isatrial and error method. It isnot adirect and practical way of finding a

Equation Value of thevariable |  Solution (Yes/No)
1. x+10=30 x=10 No
2. x+10=30 x=30 No
3. x+10=30 x=20 Yes
4 p-3=7 p=5 No
5. p-3=7 p=15 -
6. p-3=7 p=10 -
7. 3n=21 n=9 -
8. 3n=21 n=7 —
t_
0. 3 t=25 -
t_
10. 5 t=20 -
11. 21+3=7 =5 -
12. 21+3=7 =1 -
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solution. We need adirect way of solving an equation, i.e. finding the solution
of the equation. We shall learn amore systematic method of solving equations
only next year.

Beginning of Algebra
Itissaid that algebraasabranch of Mathemati cs began about 1550 BC, i.e.
morethan 3500 years ago, when peoplein Egypt started using symbolsto
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 476AD), Brahmagupta (born 598AD),
Mahavira (who lived around 850AD) and Bhaskara Il (born 1114AD)
and others, contributed a lot to the study of algebra. They gave names
such as Begja, Varna etc. to unknowns and used first letters of colour
names|[e.g., kafrom kala (black), nee from neela (blue)] to denote them.
The Indian name for algebra, Begaganit, dates back to these ancient
Indian mathematicians.

The word *algebra’ is derived from the title of the book, ‘Aljebar
w’al almugabalah’, written about 825AD by an Arab mathematician,
Mohammed Ibn Al Khowarizmi of Baghdad.
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1. Statewhich of thefollowing are equations (with avariable). Givereason for your
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:__' answer. | dentify the variablefrom the equationswith avariable.
4 @ 17=x+7 b) (t-7)>5 (c)g=
: (d) (7x3)-19=8 () 5x4-8=2x (f)x-2=0
: (g) 2m<30 (h) 2n+1=11 (i) 7= (11 x 5) — (12 x 4)
- (j) 7=(11x2)+p (k) 20=5y (I)37q<5
(m) z+12>24 (n) 20—(10-5)=3x5

(0) 7—x=5




2. Completetheentriesinthethird column of thetable.

S.No. Equation Value of variable Equation satisfied
Yes/No

€) 10y =80 y=10

(b) 10y =80 y=8

(© 10y =80 y=5

(d) 4 =20 [ =20

(e 4 =20 | =80

() 4 =20 =5

(9) b+5=9 b=5

(h) b+5=9 b=9

(1) b+5=9 b=4

() h-8=5 h=13

(k) h-8=5 h=8

() h-8=5 h=0

(m) p+3=1 p=3

(n) p+3=1 p=1

(0) p+3=1 p=0

() p+3=1 p=-1

(a) p+3=1 p=-2

3. Pick out the solution from the values given in the bracket next to each equation.
Show that the other values do not satisfy the equation.

(8) 5m= 60 (10, 5, 12, 15)
(b) n+12=20 (12, 8, 20, 0)
(©) p-5=5 (0, 10, 5-5)
@ 3 = (7,2,10,14)
e r-4=0 (4,-4,8,0)
(f) x+4=2 (-2,0,2,4)

4. (a) Complete the table and by inspection of the table find the solution to the
equation m+ 10 = 16.

m 1 2 3 4 5 6 7 8 910
m+ 10

(b) Complete the table and by inspection of the table, find the solution to the

equation 5t = 35.
t 3 45 6 7 8 920120
St |
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(c) Complete the table and find the solution of the equation z/3 =4 using the
table.

z 8 9 10 11 12 13 14 15 16 _ _  _

3|73 3 — — — — — — — — — —

[F i)
|

(d) Completethetableand find the solutionto theequationm—7=3.
m 5 6 7 8 9 10 11 12 13

m-—7

1

5. Solvethefollowing riddles, youmay yoursalf construct suchriddies.

L

Whoam1?

() Goroundasquare
Counting every corner
Thrice and no more!

Add the count to me
To get exactly thirty four!

(if) For each day of the week
Make an upcount from me
If you make no mistake
You will get twenty three!

(iii) 1 am a specia number
Take away from me asix!
A whole cricket team
You will still be ableto fix!

(iv) Tell mewho | am
| shall give apretty clue!
You will get me back
If you take me out of twenty two!
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What have we discussed?

1. Welooked at patterns of making letters and other shapes using matchsticks. We
learnt how to write the general relation between the number of matchsticks
required for repeating a given shape. The number of times a given shape is
repeated varies; it takes on values 1,2,3,... . It is a variable, denoted by some
letter like n.



10.

. Avariabletakeson different values, itsva ueisnot fixed. Thelength of asquarecan

haveany vaue. Itisavariable. But thenumber of anglesof atrianglehasafixed vaue
3.Itisnotavariable.

We may useany letter n, [, m, p, X, y, z, etc. to
show avariable.

A variablealowsusto expressrelationsin any
practical Stuation.

Vaiadblesarenumbers, dthoughthelr vaueisnot
fixed. We can do the operations of addition,
subtraction, multiplicationand divisononthem
just as in the case of fixed numbers. Using
different operationswe can form expressions
with  variables like x - 3,

x+3,2n,5m,§p,2y+3,3l—5,etc. —

Variablesallow usto express many common rulesin both geometry and arithmetic
inagenera way. For example, therulethat the sum of two numbersremainsthe
sameif the order in which the numbersare taken isreversed can be expressed as
a+ b= Db+ a. Here, thevariablesa and b stand for any number, 1, 32, 10007,
— 20, etc.

Aneqguationisacondition onavariable. Itisexpressed by saying that an expression
with avariableisequal to afixed number, e.g. x—3=10.

An equation has two sides, LHS and RHS, between them isthe equal (=) sign.

The LHS of an equation is equal to its RHS only for a definite value of the
variable in the equation. We say that this definite value of the variable satisfies
the equation. Thisvalueitself is called the solution of the equation.

For getting the solution of an equation, one method isthetrial and error method.
In thismethod, we give some valueto the variable and check whether it satisfies
the equation. We go on giving thisway different valuesto thevariable™ until we
find the right value which satisfies the equation.
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