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12.1 INTRODUCTION

We have aready come across simple algebraic expressions likex + 3, y—5, 4x + 5,
10y—5and soon. InClass VI, we have seen how these expressionsare useful informulating
puzzlesand problems. We have al so seen examplesof severa expressionsinthe chapter on
smpleequations.

Expressionsare acentral concept in algebra. This Chapter isdevoted to algebraic
expressions. When you have studied this Chapter, you will know how algebraic
expressions are formed, how they can be combined, how we can find their valuesand
how they can be used.

12.2 How ARE ExXPREsSIONS FORMED?

We now know very well what avariable is. We use letters x, y, |, m, ... etc. to denote
variables. A variable can takevariousvalues. Itsvalueisnot fixed. On the other hand, a
constant hasafixed value. Examplesof constantsare: 4, 100, 17, etc.

We combine variablesand constantsto make a gebrai c expressions. For this, weusethe
operationsof addition, subtraction, multiplication and divison. We have already come across
expressionslike4x + 5, 10y —20. Theexpression 4x + 5isobtained from thevariablex, first
by multiplying x by the constant 4 and then adding the constant 5 to the product. Similarly,
10y—20isobtained by first multiplying y by 10 and then subtracting 20 from the product.

The above expressionswere obtained by combining variableswith constants. We can
also obtain express ons by combining variableswith themsal ves or with other variables.

Look at how thefollowing expressionsare obtained:
X2, 2y?, 3x2 =5, xy, 4xy + 7
(i) Theexpressionx?isobtained by multiplying thevariablex by itsdlf;
XX X =X2
Just as4 x 4iswritten as4?, wewritex x X = x2 It iscommonly read as x squared.
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(Later, when you study the chapter * Exponentsand Powers' you will redlisethat x?
maly also beread asx raised to the power 2).

Inthe same manner, we canwrite XX XXX=x3
Commonly, x3isread as‘x cubed'. Later, you will realisethat x* may a so beread
asxraised to the power 3.

X, X2, %3, ... areall algebraic expressions obtained from x.
(i) Theexpresson2y?isobtainedfromy: 2y?=2xyxy
Here by multiplyingy with y we obtain y? and then we multiply y? by the constant 2.
(iii) In(3x>—5) wefirst obtain x?, and multiply it by 3to get 3x2.

From 3x2, we subtract 5tofinally arriveat 3x2—5.

Describe how the (i) Inxy, wemultiply thevariablexwith another variabley. Thus,
following expressions X Xy = Xy.

areobtained: (V) In4xy + 7, wefirst obtain xy, multiply it by 4 to get 4xy and add
7xy + 5, Xy, 4x* — 5x 710 4xy to get the expression.

12.3 TERMS OF AN EXPRESSION

We shal now put inasystematic form what we havelearnt above about how expressions
areformed. For this purpose, we need to understand what ter msof an expression and
their factorsare.

Consider the expression (4x + 5). In forming this expression, wefirst formed 4x
separately asaproduct of 4 and x and then added 5toit. Similarly consider theexpression
(3x2 + 7y). Here we first formed 3x? separately as a product of 3, x and x. We then
formed 7y separately asaproduct of 7 andy. Having formed 3x? and 7y separately, we
added them to get the expression.

You will find that the expressionswe deal with can always be seenthisway. They
have parts which are formed separately and then added. Such parts of an expression
which are formed separately first and then added are known asterms. Look at the
expression (4x2— 3xy). We say that it hastwo terms, 4x2 and —3xy. Theterm 4x?isa
product of 4, x and X, and the term (—3xy) isaproduct of (—3), xandy.

Terms are added to form expressions. Just as the terms 4x and 5 are added to
formtheexpression (4x + 5), theterms 4x2 and (—3xy) are added to givethe expression
(4x2 — 3xy). Thisis because 4x? + (—3xy) = 4x2 — 3xy.

Note, theminussign () isincludedintheterm. Inthe expression 4x2—3xy, we
took theterm as (—3xy) and not as(3xy). That iswhy we do not need to say that
termsare* added or subtracted’ toforman expression; just ‘added’ isenough.

Factors of a term

We saw abovethat the expression (4x% — 3xy) consists of two terms4x? and —3xy. The
term 4x?isaproduct of 4, x and x; we say that 4, x and x arethe factors of theterm 4x2.
Atermisaproduct of itsfactors. Theterm —3xy isaproduct of thefactors—3, xandy.



ALGEBRAIC ExPRESsIONS [IEEXEEEEEEEE

We can represent the terms and factors of )
the terms of an expression conveniently and ~ EXpression (4x* - 3xy)
elegantly by atree diagram. The tree for the
expression (4x*> — 3xy) is as shown in the
adjacent figure.

Terms 4

Note, in the tree diagram, we have used P
dotted linesfor factorsand continuouslinesfor | Factors 4
terms. Thisisto avoid mixing them.

Let usdraw atreediagram for theexpression
5xy + 10.

The factors are such that they cannot be
further factorised. Thuswe do not write 5xy as |
5 x Xy, because xy can be further factorised. =~ Terms 5xy 10
Similarly, if X wereaterm, it would bewritten as ’
X x X x x and not x? x x. Also, remember that ’
1 isnot taken as aseparate factor. Factors 5

Expression (5xy + 10)

Coefficients
We havelearnt how to writeaterm asaproduct of factors.

Oneof thesefactorsmay benumericad andthecthersagebraic

(i.e., they containvariables). Thenumerical factorissaidtobe
thenumerica coefficient or smply thecoefficient of theterm. 1. What arethetermsin the
Itisalso sadto bethecoefficient of therest of theterm (Wthh followi ng expressi ons?
isobvioudy theproduct of algebraicfactorsof theterm). Thus Show how the terms are
in5xy, Sisthecoefficient of theterm. Itisa so the coefficient formed. Draw atreediagram
of xy. Intheterm 10xyz, 10 isthe coefficient of xyz, inthe

. - for eechexpresson:
term—7x2y?, —7 isthe coefficient of x2y2.
. . . . 8y + 3%, 7Tmn — 4, 2x%y.
Whenthecoefficient of atermis+1, itisusualy omitted. : -
For example, Ixiswrittenasx; 1 x?y?iswritten asx?y? and . Writethreeexpressioneach

so on. Also, the coefficient (1) isindicated only by the having4terms,
minus sign. Thus (=1) x is written as — x; (—1) x?y?is
written as—x?y? and so on.

Sometimes, theword * coefficient’ isused inamoregenera way. Thus
wesay that intheterm 5xy, 5isthe coefficient of xy, xisthe coefficient of Sy
andyisthecoefficient of 5x. In 10xy?, 10isthe coefficient of xy?, xisthe R8¢ DI G
coefficient of 10y? andy?isthecoefficient of 10x. Thus, inthismoregenera |dentify the coefficients
way, acoefficient may beeither anumerical factor or analgebraicfactoror  of the terms of following

aproduct of two or more factors. Itis said to be the coefficient of the  expressons
product of the remaining factors. Ax—3y,a+b+5,2y+5, 2xy

ExampLE 1 |dentify, inthefollowing expressions, termswhicharenot
congtants. Givethelr numerica coefficients:
xy +4,13-y? 13—y + 5y% 4p°q —3pg? + 5
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SoLUTION
S. No. Expresson Term (whichisnot Numerical
aConstant) Coefficient
() Xy +4 Xy 1
(i) 13—-y? —y? -1
(i) 13-y +5y? -y -1
5y? 5
(v) |4p°q—3pcf+5 4p*q 4
— 3pgf -3
ExamPLE 2

(8 What arethe coefficientsof xinthefollowing expressions?
AX—3y,8—X+Y,yX—Y, 22— 5xz
(b) What arethecoefficientsof yinthefollowing expressons?
Ax—3y,8+yz, yZZ2+5 my+m

SoLuUTION

(8 Ineachexpressionwelook for aterm with x asafactor. Theremaining part of that
termisthecoefficient of x.

S. No.| Expresson | Termwith Factor x Coefficient of x
(i) ax — 3y 4x 4
(ii) 8—x+y —X -1
(i) yX—y y’x y:
(iv) 2z - 5xz —5xz -5z

(b) Themethodissimilar tothat in (a) above.

S. No.| Expresson | Termwithfactory Coefficient of y
(i) Ax -3y -3y —3
(ii) 8+yz yz z
(iif) yZ* +5 yz’ z
i) my +m my m

12.4 LikeE AND UNLIKE TERMS

Whentermshavethe sameadgebraicfactors, they areliketerms. When termshavedifferent
agebraicfactors, they areunliketerms. For example, inthe expression 2xy—3x + 5xy—4,
look at theterms 2xy and 5xy. Thefactorsof 2xy are 2, x andy. Thefactorsof 5xy are5,
xandy. Thustheir dgebraic (i.e., those which contain variabl es) factorsarethe sameand
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hencethey areliketerms. On the other hand the
terms 2xy and—3x, have different algebraicfactors. RY 1HESE

X

They areunliketerms. Similarly, theterms, 2xy ~ Group the like terms together from the g,, ‘
and 4, areunliketerms. Also, theterms—3xand 4 fallowing: AVAZA)
areunliketerms. 12x, 12, — 25x, — 25, — 25y, 1, x, 12y, \¥ /

12.5 MonoMmiALs, BINOMIALS, TRINOMIALS AND

POLYNOMIALS

An expression with only one term is called a monomial; for example, 7xy, — 5m,
327, 4 etc.

Anexpressionwhich containstwo unliketermsiscaleda

binomial; for example, x +y, m—5, mn + 4m, a> — b’ are : :
binomials. The expression 10pq is not a binomial; it isa Classnfy the fOHOW'_ng
monomial. The expression (a + b + 5) isnot abinomial. EXpressons asarnonqmld,
It containsthreeterms. abinomid or atrinomid: a,

An expression which contains three terms is called a i+bb’_abS+ )e(l; k))(,yak-)'-+53.
trinomial; for example, theexpressionsx+y+ 7, ab+ a+b, B x + 2’ 4pq’ _3q+ 5p’
3 —5x+2, m+n+ 10 are trinomials. The expression o, -~ o hg 40002
ab+a+b+5is, however not atrinomid; it containsfour =’ ' :
termsand not three. Theexpressionx + y + 5xisnot atrinomia asthetermsxand 5xare
liketerms.

In general, an expression with one or moretermsiscalled apolynomial. Thusa
monomial, abinomia and atrinomid ared| polynomias.

ExampLE 3 Statewithreasons, which of thefollowing pairsof termsareof like
termsandwhich areof unliketerms:

i) 7x, 12y (i) 15x, —21x (i) —4ab, 7ba (iv) 3xy, 3x
(V) 6xy?, 9x%y Vi) pg?, —4pg? (vii) mn?, 10mn
SoLuTtiON
S. Pair Factors Algebraic Like/ Remarks
No. factorssame | Unlike
or different | terms
(i) X 7, X Different Unlike Thevariablesinthe
12y 12,y termsaredifferent.
(it) 15x 15, x Same Like
—21x 21, X
(i) | —4ab| —-4,ab Same Like Remember
7 ba 7,a,b ab=ba
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(iv) 3xy 3, XY Different Unlike Thevariableyisonly
3x 3, X inoneterm.

V) | exy? | 6,xY, y} Different Unlike | Thevariablesinthetwo

Xy | 9 X XY termsmatch, but their
powersdo not match.

M) | pg? | Lpaq Same Like Note, numerical
—4p?| —4,p, 0,9 factor Lisnot shown

Following simple steps will help you to decide whether the given terms are like
or unliketerms:

(i) Ignore the numerical coefficients. Concentrate on the algebraic part of the
terms.

(i) Check the variables in the terms. They must be the same.
(i) Next, check the powers of each variable in the terms. They must be the same.

Note that in deciding like terms, two things do not matter (1) the numerical
coefficients of thetermsand (2) the order in which thevariablesare multiplied in the
terms.

ExERrcIsE 12.1

1. Getthealgebraic expressionsinthefollowing casesusing variables, constantsand
arithmetic operations.

(1) Subtractionof zfromy.
(i) One-hdf of thesum of numbersxandy.
(iii) Thenumber zmultiplied by itsdlf.
= 7 (iv) One-fourthof the product of numberspandg.
(v) Numbersxandy both squared and added.
(vi) Number 5 added to threetimesthe product of numbersmand n.
(vii) Product of numbersy and z subtracted from 10.
(viii)  Sum of numbersaand b subtracted fromtheir product.
2. (i) Identify thetermsandtheir factorsinthefollowing expressons
Show thetermsand factors by tree diagrams.
@ x-3 (b) 1+x+x © y-y
(d) Bxy?+ 7x?y (e —ab+2b?—3a2
(i) Identify termsand factorsintheexpressionsgiven below:
@ —-4x+5 (b) —4x+ 5y () by+3y?
(d) xy + 2x3y? ® pg+q (f) 1.2ab-24b+36a
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(0) %x+i (h 0.1p*+0.2¢
3. Identify the numerical coefficientsof terms(other than constants) in thefollowing
expressions.
(i) 5-3t2 @i 1+t+t2+t2 (i) x+2xy+ 3y
(iv) 100m+1000n (v) —p°Q®+ 7pq (vi) 1.2a+08Db
(vii) 3.14r? (vii) 2(I +b) (ix) 0.1y+0.01y?
4. (a) Identifytermswhich containxand givethe coefficient of x.
0 yx+y (i) 13y*—8yx (i) x+y+2
(iv) 5+z+z (V) 1+x+xy (Vi) 12xy? +25
(i) 7x + xy?
(b) Identify termswhich containy? and givethe coefficient of y2.
@) 8-xy (i) Sy*+7x (i) 2x?y — 15xy? + 7y?
5. Classfyintomonomids, binomiasandtrinomias.
() 4y-7z (i) y? (i) x+y-—xy (iv) 100
(v) ab—a-b (Vi) 5-3t (vii) 4p?q—4pg? (viii) 7mn
(ix) 22—3z+8 (x) a2+ b? x) Z2+z

Xi) 1+x+x?
6. Statewhether agiven pair of termsisof likeor unliketerms.
() 1,100 @iy =7x, %x (i) —29x, — 29y
(iv) 14xy, 42yx  (v) 4mép, 4mp? (i) 12xz, 12x27
7. ldentify liketermsinthefollowing:
(8 —xy?, —4yx2, 8x2, 2xy?, Ty, — 11x2, — 100x, — 11yx, 20x?y,

— 6%, Y, 2xy, 3

(b) 10pq, 7p, 8q, — p?0? — 7qp, — 100q, — 23, 1297p?, — 5p?, 41, 2405p, 78qp,
13p?q, gp?, 701p?

12.6 ADDITION AND SUBTRACTION OF ALGEBRAIC
EXPRESSIONS

Congder thefollowing problems:

1. Saritahas some marbles. Ameena has 10 more. Appu says that he has 3 more
marblesthan the number of marbles Saritaand Ameenatogether have. How doyou
get the number of marblesthat Appu has?

Sinceitisnot given how many marbles Saritahas, we shall takeit to bex. Ameena
then has 10 more, i.e., X + 10. Appu saysthat he has 3 more marbles than what
Saritaand Ameenahave together. So wetake the sum of the numbersof Sarita's
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marblesand Ameena smarbles, and to thissum add 3, that is, wetake the sum of
X, X+ 10 and 3.

Ramu’sfather’spresent ageis 3 timesRamu’sage. Ramu’ sgrandfather’ sageis 13
yearsmorethan the sum of Ramu’sage and Ramu’ sfather’ sage. How do you find
Ramu’'sgrandfather’ sage?

SinceRamu’'sageisnot given, let ustakeit to bey years. Then hisfather’sageis
3y years. Tofind Ramu’ sgrandfather’ sagewe haveto takethe sum of Ramu’'sage(y)
and hisfather’sage (3y) and to the sum add 13, that is, we haveto take the sum of
y, 3y and 13.

In agarden, roses and marigolds are planted in square plots. The length of the
sguare plot inwhich marigoldsare planted is 3 metres greater than thelength of the
sguareplot inwhich rosesare planted. How much bigger inareaisthemarigold plot
thantheroseplot?

Let ustakel metresto belength of theside of therose plot. Thelength of theside of
themarigold plot will be(l + 3) metres. Their respectiveareaswill bel?and (I + 3)%
The difference between (12+ 3)? and 12 will decide how much bigger in areathe
marigoldplotis.

Inall thethree situations, we had to carry out addition or subtraction of algebraic
expressions. There are anumber of real life problemsin which we need to use
expressionsand do arithmetic operationson them. In thissection, weshal | seehow
algebraic expressionsare added and subtracted.

TrRY THESE

Think of atleast two situationsin each of which you need to form two algebraic
\  expressionsand add or subtract them

. Adding and subtracting like terms
| /}f Thes
shall learn how to add or subtract liketerms.

mplest expressionsaremonomials. They consist of only oneterm. To beginwithwe

® | etusadd 3xand 4x. We know xisanumber and so also are 3x and 4x.
Now, X +4x=(3xX)+(4%xX)

or

@® | et usnext add 8xy, 4xy and 2xy

or

= (83+4) xx (usingdistributivelaw)
=7 XxXX=7X

Sincevariablesare numbers, we can
3x +4x = 7x usedigtributivelaw for them.

8Xy + 4xy + 2xy = (8 X Xy) + (4 X xy) + (2 x Xy)
=(8+4+2)xxy
=14 x xy = 14xy

8xy + 4xy + 2xy = 14 xy
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@® | etussubtract 4nfrom 7n.
m—4n=(7xn)—(4xn)
=(7-4)xn=3xn=3n

or n—4n=3n

® Inthesameway, subtract 5ab from 11ab.
11ab —5ab = (11 -5) ab = 6ab

Thus, the sumof two or moreliketermsisaliketermwith anumerical coefficient

equal to the sum of the numerical coefficients of all the like terms.

Smilarly, the difference between two like termsisa like termwith a numerical
coefficient equal to the difference between the numerical coefficients of the two
like terms.

Note, unlike terms cannot be added or subtracted the way like terms are added
or subtracted. We have aready seen examplesof this, when 5isadded to x, wewritethe
result as(x + 5). Observethat in (x + 5) both theterms 5 and x are retained.

Similarly, if weadd theunliketerms3xy and 7, thesumis3xy + 7.
If wesubtract 7 from 3xy, theresultis3xy —7

Adding and subtracting general algebraic expressions
L et ustakesomeexamples.
® Add3x+1land7x—5
Thesum=3x+ 11+ 7x-5
Now, we know that theterms 3x and 7x areliketermsand so also are 11 and —5.
Further 3x+ 7x=10xand 11 + (- 5) = 6. We can, therefore, simplify thesum as:
Thesum=3x+ 11+ 7x-5
=3x+7x+11-5 (rearranging terms)
=10x+ 6
Hence, 3x+ 11+ 7x—5=10x + 6
® Add3x+11+8zand 7x—5.
Thesum=3x+11+8z+ 7x-5
=3x+7x+11 -5+ 8z (rearangingterms)
Notewe haveput liketermstogether; thesingle unliketerm 8zwill remain asitis.
Therefore, thesum=10x+ 6+ 8z
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® Subtracta—bfrom3a-b+4

Thedifference=3a—-b+4—(a—b) Note, just as
=3a-b+4-a+b —-(5-3) =-5+3,
Observe how wetook (a—b) inbracketsandtook | —(@—b)=—a+b.

careof sgnsin opening thebracket. Rearranging the
termsto put liketermstogether,

Thedifference=3a—-a+b-b+4

The signs of algebraic
terms are handled in the
same way as signs of
numbers.

=(3-1)a+(1-1)b+4

Thedifference=2a+ (0)b+4=2a+4

or

3a—-b+4—-(a-b)=2a+4

We shall now solve some more examples on addition and subtraction of expression
for practice.

ExampLE 4 Collect liketermsand simplify theexpression:

SoLuTION

TrRY THESE

@  Addand subtract
) m-n,m+n
(i) mn+5-2,mn+3

Note, subtracting aterm
isthesameasaddingits
inverse. Subtracting—10b
is the same as adding
+10b; Subtracting
—18a is the same as
adding 18aand subtrac-
ting 24abisthesameas
adding — 24ab. The
signs shown below the
expressionto besubtrac-
tedareahelpincarrying
out the subtraction
properly.

12m? —9m+ 5m—4n? — 7m+ 10
Rearranging terms, wehave

12m? — 4n¥ + 5m—-9m—7m+ 10
=(12-4) P+ (5-9-7)m+ 10
=8+ (—4-7)m+10

=8n? + (-11) m+ 10
=8n?—11m+ 10

ExampPLE 5 Subtract 24ab — 10b — 18a from 30ab + 12b + 14a.

30ab + 12b + 14a — (24ab — 10b — 18a)
=30ab + 12b + 14a—24ab + 10b + 18a
=30ab —24ab + 12b + 10b + 14a + 18a
=6ab + 22b + 32a

Alternatively, wewritethe expressionsone below the other with thelike
termsappearing exactly below liketermsas:

30ab + 12b + 14a
24ab —10b - 18a
- + +

6ab + 22b + 32a

SoLUTION
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ExampLE 6 Fromthesum of 2y? + 3yz, —y? —yz—7? and yz + 22, subtract the
sum of 3y*— 7 and —y* +yz + 7%

Sorution  Wefirst add 2y? + 3yz, —y?>—yz— 22 and yz + 222,

2y2 + 3yz
- ¥ - yz - Z
+ yz + 27
y» +3z + Z @)
We then add 3y? — 7 and —y?+ yz + 7
3y2 - 2
- V¥ + yz + 7
2y + vz @

Now we subtract sum (2) from thesum (1):
y + 3z + Z
22+ yz

-y + 2z + 7

ExERCISE 12.2

1. Smplify combiningliketerms:
() 21b-32+7b—-20b
(i) —22+132-5z2+72 —15z
(i) p—(p-a)-a-(a-p)
(iv) 3a—2b—ab—-(a—b+ab)+3ab+b-a
(V) 5%y — 5%+ 3yx? — 3y? + X2 — y? + 8xy? — 3y?
(V) (By*+5y—4)—(8y—-y*—4)

2. Add:
() 3mn, —5mn, 8mn, —4mn
() t—8tz, 3tz—z z-t
@iy —=7mn+5, 12mn+ 2, 9mn -8, —2mn -3
(v) a+b-3,b-a+3,a-b+3
(v) 14x + 10y —12xy — 13, 18 — 7x — 10y + 8xy, 4xy
V) 5m-7n,3n—-4m+ 2,2m-3mn-5
(Vi) 4%y, — 3xy?, —bxy?, 5x%y
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(vii)) 3p%0?—4pq + 5, — 10 p?g?, 15 + 9pq + 7p°0?
(ix) ab—4a,4b—ab, 4a—4b
X) X¥—-y?=1,y?—1-x3,1-x2—V?
3. Subtract:
(i) -by?fromy?
(i) 6xyfrom-12xy
(i) (a—Db)from(a+b)
(iv) a(b-5)fromb(5—-a)
(v) =P+ 5mn from 4m? —3mn + 8
(Vi) —x2+10x—-5from5x—10
(vii) 5a?-— 7ab + 5b? from 3ab — 2a — 2b?
(viii) 4pqg—5¢? — 3p? from 5p? + 392 — pq
4. (@) What should be added to x + xy + y? to obtain 2x? + 3xy?
(b) What should be subtracted from 2a+ 8b + 10to get —3a + 7b + 167?
5. What should be taken away from 3x? — 4y? + 5xy + 20 to obtain
—X2—y?+ 6xy + 20?
6. (@ Fromthesumof 3x—y+ 11 and—y—11, subtract 3x—y —11.

(b) From the sum of 4 + 3x and 5 — 4x + 2x?, subtract the sum of 3x?— 5x and
X+ 2x + 5.

12.7 FINDING THE VALUE OF AN EXPRESSION

Weknow that the value of an algebraic expression dependson thevalues of thevariables
forming theexpression. Thereareanumber of Situationsinwhichweneedtofindthevalue
of an expression, such aswhen wewish to check whether aparticular value of avariable
satisfiesagiven equation or not.

Wefind values of expressions, also, when we useformulasfrom geometry and from
everyday mathematics. For example, theareaof asguareis|? wherel isthelength of a
sideof thesquare. If| = 5cm., theareais5°cm? or 25 cn?; if thesideis 10 cm, thearea
is10?cm? or 100 cm? and so on. We shall see more such examplesin the next section.

ExampLE 7 Findthevaluesof thefollowing expressionsfor x=2.
Q) x+4 (i) 4x—3 (i) 19 —5x
(iv) 100 — 10x3

SoLuTiON Puttingx=2
() Inx+4,wegetthevalueof x+4,i.e,
X+4=2+4=6
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@) Indx—3,weget
4x-3=(4%x2)-3=8-3=5
(i) 1n19—5x%2, we get
19-5¢=19-(5%x2)=19-(5%x4)=19-20=-1
(iv) In100-10x3, we get
100 — 10x3= 100 — (10 x 2% = 100 — (10 x 8) (Note 23 = 8)
=100-80=20

ExampLE 8 Findthevaueof thefollowing expressonswhenn= —2.
() 5n-2 @iy 5n?+5n-2 @) n*+5n>+5n-2

SoLuTION
(i) Puttingthevalueof n=-2,in5n-2, weget,
5-2)-2=-10-2=-12
@) In5n?+5n-2, wehave,
forn=-2,5n-2=-12
and5n*=5x(—2)?=5x4=20 [as(—2)*=4]
Combining,
5n?+5n-2=20-12=8
@ii) Now, forn=-2,
5n*+5n-2=8and
n°=(2?°=(2) x (-2) x(-2)=-8
Combining,
nd+5n°+5n-2=-8+8=0
We shall now consider expressions of two variables, for example, x +y, xy. Towork
out the numerical value of an expression of two variables, we need to give the val ues of
both variables. For example, thevalueof (x+y), forx=3andy=5,is3+5=8.
ExamvpLE 9 Findthevalueof thefollowing expressionsfora=3,b=2.
@) a+b (i) 7a—4b (i) a2+2ab+b?
(iv) a®-bd
SoLuTiON  Substitutinga=3andb=2in

() a+b,weget
atb=3+2=5
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7a—4b, we get

Ta—4b=7%x3-4%x2=21-8=13.

a’+ 2ab + b? weget

a2+2ab+ =32 +2x3x2+22=9+2%x6+4=9+12+4=25
a®—Db? weget

- =3F-28=3x3x3-2x2x2=9x3-4%x2=27-8=19

ExERcISE 12.3

10.

. 1fm=2, findthevaueof:

i) m-2 (i) 3m-5 (i) 9—5m
) 3m—2m—-7 ) " 4

. If p==2,find thevaueof:

i) 4p+7 (i) —3p?+4p+7 (i) —2p*-3p?+4p+7
. Findthevaueof thefollowing expressions, whenx=-1:

(i) 2x-7 (i) —x+2 i)y +2x+1
(iv) 2¢—-x-2

If a=2,b=-2, findthevalueof:

(i) a+b? (i) a?+ab+b? (i) a*2—-b?

Whena=0, b=-1, find thevalue of the given expressions:

(i) 2a+2b (i) 2a2+b?2+1 (i) 2a?b + 2ab?+ab
(iv) a®+ab+2

Simplify theexpressonsand find thevalueif xisequal to 2

) x+7+4(xx-5) (i) 3(x+2) +5x—-7
(i) 6x+5(x-2) (iv) 4(2x—1)+3x+11
Simplify theseexpressionsand find their valuesif x=3,a=-1,b=-2.
() 3x-5-x+9 (i) 2—8x+4x+4
(i) 3a+5-8a+1 (iv) 10-3b—-4-5b

(v) 2a—2b—-4-5+a

() Ifz=10, findthevalueof Z2—3(z—-10).

@iy 1fp=-10, findthevalueof p>*—2p—100

What should bethevalueof aif thevaueof 2x* + x—aequasto 5, whenx=07?

Simplify theexpressionandfinditsvaluewhena=5andb=-3.
2(a®2+ab)+3-ab
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12.8 UsiNng ALGEBRAIC EXPRESSIONS — FORMULAS AND
RULES

Wehave seen earlier d o that formul asand rulesin mathematicscan bewritteninaconcise
and general form using algebraic expressions. We seebelow severa examples.

® Perimeter formulas
1. Theperimeter of an equilatera triangle= 3 x thelength of itsside. If we denotethe
length of thesideof theequilaterd triangleby |, thentheperimeter of theequilateral
triangle=3|
2. Similarly, the perimeter of asquare=4l
where| =thelength of the side of the square.
3. Perimeter of aregular pentagon =5l

where| =thelength of the side of the pentagon and so on.

® Area formulas
1. If wedenotethelength of asquareby |, then the area of the square =12
2. If wedenotethelength of arectangle by | and itsbreadth by b, then the areaof the
rectangle=1xb=1b.
3. Smilarly,if bstandsfor thebaseand hfor theheight of atriangle, thentheareaof the

. bxh bh
triangle= ——=—.
2 2
Onceaformula, that is, the algebrai c expression for agiven quantity isknown, the
value of the quantity can be computed asrequired.

For example, for asquare of length 3 cm, the perimeter isobtained by putting theva ue
| =3 cmintheexpression of the perimeter of asquare, i.e., 4l.

The perimeter of thegiven square= (4 x 3) cm=12cm.
Similarly, the area of the square is obtained by putting in the value of
[ (=3 cm) intheexpression for theareaof asquare, that is, |3

Areaof thegiven square=(3)2cm?=9cm?.

® Rules for number patterns
Study thefollowing Satements:

1. If anatural number isdenoted by n, itssuccessor is(n+ 1). We can check thisfor
any natural number. For example, if n= 10, its successor isn + 1=11, whichis
known.



-V \/ATHEMATICS

Do THis

. If anatural number isdenoted by n, 2nisan even number and (2n + 1) an odd

number. Let uscheck it for any number, say, 15; 2n=2xn=2x 15=30isindeed
anevennumberand2n+1=2x15+1 =30+ 1=31isindeed an odd number.

Take (small) line segments of equal length such as matchsticks, tooth pricksor
pieces of straws cut into smaller piecesof equal length. Jointhemin patternsas

showninthefiguresgiven:

. ObservethepatterninFig12.1.

It consists of repetitions of the shape[ |
made from 4 line segments. Asyou seefor
one shape you need 4 segments, for two
shapes7, for three10 and soon. If nisthe
number of shapes, then the number of
segmentsrequired toform n shapesisgiven
by (3n+1).

You may verify thisby takingn=1, 2,
3,4, ..., 10, ... etc. For example, if the
number of letters formed is 3, then
the number of line segments required
is3x3+1=9+1=10, asseen from
thefigure.

. Now, consider thepatternin Fig 12.2. Here

the shape|_| isrepeated. The number of
segmentsrequiredtoform1, 2, 3, 4, ...
shapesare 3, 5, 7, 9, ... respectively. If n
standsfor the shapesformed, the number of
segmentsrequiredisgiven by theexpression
(2n+1). Youmay check if theexpressionis
correct by taking any valueof n, say n=4.
Then(2n+1)=(2x 4) + 1 =9, whichis
indeed the number of line segments
requiredtomake4|_|s.
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TrY THESE

Make similar pattern with basic figuresasshown

" YL
o |
] ] s
R ]
: (4n+1) : (3n +2)
(The letter[d) (The le.tterH)

(Thenumber of ssgmentsrequiredto makethefigureisgiventotheright. Also,
theexpressonfor thenumber of ssgmentsrequired to maken shapesisaso given).

Go ahead and discover more such patterns.

Do Tuis o1

Makethefollowing pattern of dots. If you take agraph paper or adot paper, it will : : 4
be easier to makethe patterns.

Observe how the dotsare arranged in asquare shape. If thenumber of dotsina ® e e

row or acolumninaparticular figureistakento bethevariablen, then the number of : : : ?

dotsinthefigureisgiven by theexpressionn x n=n? For example, taken=4. The
number of dotsfor thefigurewith 4 dotsin arow (or acolumn) is4 x 4= 16, asis ¢ o o o
indeed seen from thefigure. You may check thisfor other valuesof n. Theancient e e o o 10

Greek mathematicians called the number 1, 4, 9, 16, 25, ... square numbers. eoee

® Some more number patterns Teees
Let usnow look at another pattern of numbers, thistimewithout any drawingtohelpus © e @ @ o 25

® 0000

3, 6, 9, 12, veey 3n, o000 0

Thenumbersare such that they aremultiplesof 3 arranged in anincreasing orde,

® 0000
beginning with 3. Thetermwhich occursat then™ positionisgiven by theexpresson3n. e e e e o o
You can easily find theterm which occursin the 10" position (whichis3x 10=30); o o o o ¢ o 36
100" position (whichis3 x 100 = 300) and so on. eecoceoe

o 00000

® Pattern in geometry

What isthe number of diagonalswe can draw from one vertex of aquadrilateral?
Checkit, itisone. n2
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From onevertex of apentagon? Check it, itis2.

E D F E
D C
Al B
B B C

Fromonevertex of ahexagon?Itis3.

The number of diagonals we can draw from one vertex of apolygon of n sidesis
(n—3). Check it for a heptagon (7 sides) and octagon (8 sides) by drawing figures.
What isthe number for atriangle (3 sides)? Observe that the diagonal s drawn from any
one vertex divide the polygon in as many non-overlapping triangles as the number of
diagonasthat can be drawn from the vertex plus one.

ExERcISE 12.4

1. Observethepatternsof digitsmadefromlinesegmentsof equal length. Youwill find
such segmented digitson the display of eectronic watchesor calculators.

o | || L[]

e

6 1 16 21 ... (Gn+1) ...
O ||
| I

4 7 10 13 ... (Bn+1) ...
o [ L L]
NN

7 12 17 22.... (5n+2) ...

If the number of digitsformed istaken to be n, the number of segmentsrequiredto
formndigitsisgiven by the algebraic express on appearing on theright of each pattern.

How many segmentsarerequiredtoform 5, 10, 100 digitsof thekind E |—| B
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ALGEBRAIC EXPRESSIONS

Usethegiven agebraic expression to completethe table of number patterns.

=

Expression Terms
1 Jdf 4| 5 200 ... 200N

2n-1 S| 7] 9| - 19 - - -

3n+2 s 10| -| - - | - - |-

In+1 w3 7| -] - - [ - - |-

n+20 27 41| 48| - - - - - -

n|R|lo| o w[®

n”+1 2 10| 17| - - - - | 10,001| -

WHAT HAVE WE DISCUSSED?

Algebraic expressions are formed from variables and constants. We use the
operationsof addition, subtraction, multiplication and divison onthevariables
and constantsto form expressions. For example, the expression 4xy + 7 isformed
fromthevariablesx andy and constants4 and 7. The constant 4 and the variables
x and y are multiplied to give the product 4xy and the constant 7 isadded to this
product to givethe expression.

Expressionsare made up of terms. Termsareadded to make an expression. For
example, theaddition of theterms4xy and 7 givesthe expression 4xy + 7.

A termisaproduct of factors. Theterm 4xy inthe expression 4xy + 7 isaproduct
of factorsx, yand 4. Factorscontaining variablesare said to be algebraicfactors.

The coefficient isthe numerical factor in theterm. Sometimesanyonefactor ina
termiscaled the coefficient of theremaining part of theterm.

Any expression with one or moretermsiscalled apolynomial. Specifically aone
term expressioniscalled amonomial; atwo-term expressioniscalled abinomial;
and athree-term expressioniscaledatrinomial.

Termswhich havethesamedgebraicfactorsareliketerms Termswhich havedifferent
algebraicfactorsareunliketerms. Thus, terms4xy and — 3xy areliketerms; but
terms4xy and—3x arenot liketerms.

Thesum (or difference) of twoliketermsisaliketerm with coefficient equal to
the sum (or difference) of the coefficients of the two like terms. Thus,
8xy —3xy = (8 —3)xy, i.e., bxy.

When we add two algebraic expressions, the like terms are added as given
above; the unlike terms are left as they are. Thus, the sum of 4x? + 5x
and 2x + 3 is 4x* + 7x + 3; the like terms 5x and 2x add to 7x; the unlike
terms 4x* and 3 are left as they are.
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9.

10.

In situations such as solving an equation and using aformula, we haveto find the
valueof an expression. The value of the expression depends on the value of the
variablefromwhichtheexpressionisformed. Thus, thevaueof 7x—3forx=5is
32,since7(5)-3=35-3=32.

Rulesand for mulasin mathematicsarewr itten inaconciseand generd formusing
agebraicexpressions.

Thus, the area of rectangle = Ib, wherel isthe length and b isthe breadth of the
rectangle.

The general (n") term of anumber pattern (or asequence) isan expressioninn.
Thus, the n" term of the number pattern 11, 21, 31, 41, ... is(10n+ 1).




