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CHAPTER

Algebraic Expressions
and Identities

9.1 What are Expressions?
In earlier classes, we have already becomefamiliar with what algebraic expressions
(or smply expressions) are. Examplesof expressonsare:
X+ 3,2y -5, 3%, 4xy + 7 etc.
You can form many more expressions. Asyou know expressionsareformed from

variablesand congtants. The expression 2y—5isformed fromthevariabley and constants
2and 5. Theexpression 4xy + 7 isformed from variablesx and y and constants4 and 7.

We know that, the value of y in the expression, 2y —5, may be anything. It can be

5 7
2,5,-3,0, 573 etc.; actually countlessdifferent values. Thevalue of an expression

changeswith thevaue chosen for thevariablesit contains. Thusasy takeson different
values, thevaueof 2y—5 goeson changing. Wheny =2, 2y—-5=2(2) -5=-1; when
y=0,2y—-5=2x0-5=-5, etc. Find the value of the expression 2y —5 for the other
givenvauesof y.

Number lineand an expression:
Congder theexpressonx+5. Let ussay thevariablex hasapostion X onthenumber ling;

“——x—><—5—>
. : : >
o X P

X may beanywhereonthenumber line, but it isdefinitethat thevalueof x + 5isgiven by
apoint P, 5unitstotheright of X. Similarly, thevaueof x—4will be4 unitstotheleft of
X andsoon.

What about the position of 4x and 4x + 5?

e— x —>) «—5—>

o X A B C D

Theposition of 4xwill bepoint C; thedistance of C fromtheoriginwill befour times
thedistanceof X fromtheorigin. Theposition D of 4x+ 5will be5 unitstotheright of C.
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TRY THESE

1. Givefiveexamplesof expressionscontaining onevariableand five examplesof
expressionscontaining two variables.
2. Show onthenumber linex, x—4, 2x+ 1, 3x—2.

9.2 Terms, Factors and Coefficients

Taketheexpression 4x + 5. Thisexpressionismadeup of twoterms, 4xand 5. Terms
areadded toform expressions. Ter msthemselves can beformed asthe product of
factors. Theterm 4xistheproduct of itsfactors4 and x. Theterm 5

ismade up of just onefactor, i.e., 5.

i . Theexpression 7xy —5x hastwo terms 7xy and —5x. Theterm
|dentify thecoefficientof @ach 7, i< anroduct of factors7, xandy. Thenumerical factor of aterm
Il Coler iscalledits coefficient. The coefficient in theterm 7xyis 7 and the
x°y* — 10Xy + 5xy* - 20. coefficient intheterm —5xis—5.

9.3 Monomials, Binomials and Polynomials

Expressionthat containsonly onetermiscalled amonomial. Expressionthat containstwo
termsiscalled abinomial. An expression containing threetermsisatrinomial and soon.
In general, an expression containing, one or more termswith non-zero coefficient (with
variableshaving non negative exponents) iscaled apolynomial. A polynomid may contain
any number of terms, oneor morethan one.

Examplesof monomiads.  4x?, 3xy, —7z, 5xy?, 10y, —9, 82mnp, etc.

Examplesof binomids: a+b, 4l +5m,a+4,5-3xy, 22— 4y? etc.

Examplesof trinomids: a+b+c, 2x+3y-5, Xy —xy? + y?, efc.

Examplesof polynomids  a+ b+ c+d, 3xy, 7xyz— 10, 2x + 3y + 7z, €tc.

TRY THESE

1. Classfy thefollowing polynomidsasmonomias, binomids, trinomias.
—z+5 x+y+zy+z+100, ab—ac, 17
2. Congtruct
(@ 3binomiaswithonly xasavariable;
(b) 3binomialswithxandyasvariables;
() 3monomiaswithxandyasvariables;
(d) 2polynomiaswith4 or moreterms.

9.4 Like and Unlike Terms

L ook at thefollowing expressions:
7X, 14x, —13X, 5%2, 7y, 7xy, —9y?, —9x?, —-byx
Liketermsfromtheseare:
(i) 7x,14x,—13x areliketerms.
(i) 5x2and-9x?areliketerms.
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(i) 7xyand-5yxareliketerms.
Why are 7x and 7y not like?
Why are 7x and 7xy not like?
Why are 7x and 5x° not like?

TRY THESE

Writetwotermswhich arelike
(i) 7xy (i) 4mr? @iy 2

9.5 Addition and Substraction of Algebraic Expressions -

Intheearlier classes, wehavea solearnt how to add and subtract algebraic expressions.
For example, to add 7x?>—4x + 5 and 9x — 10, we do

X2 —4x+ 5
+ 9% — 10
X2 +5x—-5

Observe how we do the addition. We write each expression to be added in aseparate
row. While doing so wewriteliketermsone bel ow the other, and add them, as shown.
Thus5 + (-10) =5-10=-5. Similarly, —4x + 9x = (— 4 + 9)x = 5x. Let ustake some
moreexamples.

Example 1: Add: 7xy + byz— 3z, 4yz + 92x — 4y , —3xZ + 5x — 2xy.

Solution: Writing thethree expressionsin separate rows, with liketerms one below
the other, we have

Xy + Syz —3zX
+ 4yz + 9zx —4y
+ =2xy — 3z + 5x (Notexzissame as zx)

5Xy + 9yz+3zx + 5x —4y

Thus, the sum of the expressionsis5xy + 9yz + 3zx + 5x—4y. Note how theterms, —4y
inthe second expression and 5xinthethird expression, arecarried over asthey are, since
they haveno liketermsinthe other expressions.

Example 2: Subtract 5x2 —4y? + 6y — 3 from 7x2 — 4xy + 8y? + bx — 3y.

Solution:
X% —4xy + 8y? + 5x — 3y
5x2 —4y? +6y—3
) ) G ™
2x2 — 4xy + 12y? + 5x — 9y + 3
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Notethat subtraction of anumber isthe same asaddition of itsadditiveinverse.
Thussubtracting—3isthesameasadding +3. Smilarly, subtracting 6y isthesameas
adding—6y; subtracting—4y? isthe same asadding 4y*and so on. Thesignsinthe
third row written below each term in the second row help usin knowing which
operation hasto be performed.

B EXERCISE 9.1

1. ldentify theterms, their coefficientsfor each of thefollowing expressions.
(i) Sxyz2—3zy (i) 1+x+x° (i) ey? — Axey2z2 + 72

) 3—pg+ar—rp () §+%—xy (i) 0.3a—0.6ab + 0.5b

2. Classify thefollowing polynomialsasmonomials, binomials, trinomials. Which
polynomiasdo not fitin any of thesethree categories?
X+Yy, 1000, X + X2+ X3+ x4 7 +y + 5x, 2y — 3y?, 2y — 3y? + 4y®, 5x — 4y + 3xy,
4z—-157, ab+bc+ cd + da, pgr, p°q + pg? 2p + 29

3. Addthefollowing.
(i) ab—bc,bc—ca, ca—ab (i) a—b+ab,b—c+bc,c—a+ac
@iy 2p’?—-3pq+4,5+7pg—3p°? (V) 1?2+ n? mP+n? n?+ 13
2lm+ 2mn + 2nl

4. (@) Subtract 4a-—7ab+ 3b+ 12 from12a—9ab+5b—-3

(b) Subtract 3xy + 5yz— 7zx from 5xy — 2yz — 2zx + 10xyz

(©) Subtract 4p?g-—3pq+ 5pg?>—8p + 7q—10 from

18 — 3p — 119 + 5pq — 2pg? + 5p?q

9.6 Multiplication of Algebraic Expressions: Introduction
(1) Look at thefollowing patternsof dots.

f Pattern of dots Total number of dots\

e 6 6 o6 o o o o o

e 6 6 o6 o o o o o

e © © © o 0 0 0 o 4%x9

e 6 6 o6 o o o o [ ]

e 6 o o o o [ ]

® 6 o o o o [ ]

® 6 o6 o o o [ )

® 6 o6 o o o [ ) 5 X 7

® 6 o o o o [ ]
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n

/\/\—/—\ To find the number of
® o 0o 0o - - - o o dots we have to multiply
LA A A the expression for the

m< _ _ _ _ _ _ _ _ _ number of rows by the
_______ - - mxn expression for the
e o 06 8 - - " e number of columns.

mXn
n+3

e 6 6 o6 - - - o o o o o
5O 0 00 = = =000 0 C Here the number of rows
_______ - - - - - isincreased by

c_: ------- - - - - - 2,i.e., m+ 2 and number

£ )- - - _ _ - - _ - _-_"C (m+2) x (n+3) of columns increased by
e o o o e o 0 o o 3,i.e,n+3.
e 6 ¢ o6 — - - o o o o o
e 6 ¢ o6 — - - o o o o o

N J

(i) Canyounow think of smilar other Stuationsinwhich i

two a gebraic expressionshaveto bemultiplied? I
b

Ameenagetsup. Shesays, “We can think of areaof b-3
arectangle.” Theareaof arectangleisl x b, wherel 1
isthelength, and b is breadth. If the length of the J

rectangle isincreased by 5 units, i.e, (I +5) and ) [+5 >

breadth is decreased by 3 units, i.e., (b—3) units,
theareaof thenew rectanglewill be (I +5) x (b—3).

To find the area of arectangle, we

haveto multiply algebraic
expressionslikel x bor

(1+5) x (b=23).

(i) Can you think about volume? (The volume of a
rectangular box isgiven by the product of itslength,
breadth and height).

(iv) Saritapointsout that whenwebuy things, wehaveto
carry out multiplication. For example, if

priceof bananas per dozen= Rsp
and for the school picnic bananasneeded = zdozens,
thenwehavetopay = Rsp x z
Suppose, the price per dozen waslessby Rs 2 and the bananas needed were lessby

4 dozens.
Then, price of bananas per dozen=Rs (p—2)
and bananas needed = (z—4) dozens,

Therefore, wewould haveto pay =Rs(p-2) x(z—4)
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by ' TRY THESE

Canyouthink of two moresuch situations, wherewe may need to multiply agebraic
expressons?
[Hint: e Think of speed andtime;

e Think of interest tobepaid, theprincipa and therateof Smpleinterest; etc.]

B |nall the above examples, wehad to carry out multiplication of two or more quantities. If
the quantities are given by algebraic expressions, we need to find their product. This
meansthat we should know how to obtain this product. Let usdo thissystematically. To
beginwithweshall ook at the multiplication of two monomials.

9.7 Multiplying a Monomial by a Monomial

9.7.1 Multiplying two monomials
Webeginwith
4xX=X+X+X+X=4x asseen earlier.
Smilaly, 4 x (3x) =3x + 3x + 3x + 3x = 12X
Now, observethefollowing products.
® XX3y=Xx3xy=3xXxy=23xy
(i) S5xx3y=5xxx3xy=5x3xxxy =15xy
(i) Sxx(3y) =5xxx (=) xy
=5x (=3) xxxy =-15xy

Noticethat al the three
products of monomials, 3xy,
15xy, —15xy, arealso
monomials.

Somemoreuseful examplesfollow. Note that 5 x 4= 20

(iv) SX X 4y = (5 % 4) x (X X X?) i.e, coefficient of product = coefficient of
first monomial x coefficient of second

= 20 x x*=20x3 .
\ monomial;
(V) 5Xxx (—4xyz) =(5%x—4) x (X X xy2)

and XX X2 =x3
= —20 % (X X X X yz) = —=20x?yz i.e, algebraic factor of product
Observe how wecollect the powersof different variables = agebraic factor of first monomial
inthealgebraic partsof thetwo monomials. Whiledoing N lyRaele enior e srea e el

so, we usetherules of exponentsand powers.

9.7.2 Multiplying three or more monomials
Observethefollowing examples.
0] 2X x By x 7z = (2x x By) x 7z2=10xy x 7z = 70xyz
(i)  4xy x 5x%y? x 6x%y°® = (dxy x 5x%y?) x 6x3y°® = 20x%° X 6x3y° = 1203y x X33
=120 (x® x X3) x (y® x y®) = 120x® x y6 = 120x5°
Itisclear that wefirst multiply thefirst two monomialsand then multiply theresulting

monomial by thethird monomial. Thismethod can be extended to the product of any
number of monomials.




For more FREE DOWNLOADS, visit www.aspirationsi nstitute.com

ALGEBRAIC EXPRESSIONS AND IDENTITIES I 143

TRY THESE We can find the product in other way also.

4xy x 5x%y? x 63 y8
Find 4x x 5y x 7z SR B R E) 5 (6% B 5% 8 5% (0053 0P 53
First find 4x x 5y and multiply it by 7z _ (120 Xy bl A
or first find 5y x 7zand multiply it by 4x.
Istheresult the same? What do you observe?
Doestheorder inwhichyou carry out the multiplication matter?

Example 3: Completethetablefor areaof arectanglewith givenlength and breadth.

Solution: ( length breadth area )
3x Sy 3x x 5y = 15xy

Oy e

4ab 50c |
_ 2°m 1110 0 N I P

Example 4: Find the volume of each rectangular box with given length, breadth

andheight.
f length breadth height )
0) 2ax 3by 5cz
(i) men n%p p2m
(i) 2q 4q? 8¢

Solution: Volume=length x breadth x height
Hence for () volume= (2ax) x (3by) x (5c2)
=2 x 3x5x (ax) x (by) x (c2) = 30abcxyz
for (i) volume=nPn x n’p x p’m
= (e xm) x (nx %) x (p x p?) = mn’p?
for (i) volume=2q x 4¢? x 8¢
=2x4x8quq2xq3 :64q6

B EXERCISE 9.2
1. Findtheproduct of thefollowing pairsof monomials.

@ 4 7p @) —4p,7p (ii) —4p, 7pq (v) 4p*—3p
(V) 4p,0

2. Findtheareasof rectangleswiththefollowing pairsof monomiasastheir lengthsand
breadthsrespectively.

(p, 9); (10m, 5n); (20x2, 5y?); (4%, 3x?); (3mn, 4np)
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3. Completethetableof products.

f First monomia —
Second monomia

2X -5y 3x? — 4xy ™y | —9x?y?

2X 4x2

-5y —15x%y

3x?

— 4xy

72y

—Ox?y?

J

4. Obtainthevolumeof rectangular boxeswith thefollowing length, breadth and height

respectively.

() 5a 3% 7a* (i) 2p,4q,8r (i) xy, 22y, 2x2 (iv) a 2b, 3c

5. Obtaintheproduct of

) xy,yz zx (i) a,—a%ad (iiiy 2, 4y, 8y?, 16y°
(iv) &, 2b, 3c, 6abc (v) m,—mn, mnp

9.8 Multiplying a Monomial by a Polynomial

9.8.1 Multiplying a monomial by a binomial
Let usmultiply themonomial 3x by thebinomia 5y + 2,i.e.,find3xx (5y +2) =7

Recall that 3x and (5y + 2) represent numbers. Therefore, using thedistributive law,
3x x (By + 2) = (3x x By) + (3x x 2) = 15xy + 6X

We commonly usedistributivelaw in our calculations. For example:
7x106=7 x (100 + 6)
=7%x100+7x6 (Here, we used distributive law)
=700+42=742
7x38=7x%(40-2)

=7x40-7%x2 (Here, we used distributive law)
_ =280 - 14 = 266
Smilaly, (=3x) x (-by + 2) = (=3X) x (-by) + (-3%) x (2) = 15xy — 6X
and Sxy x (y? + 3) = (5xy x ¥?) + (5xy x 3) = 5xy* + 15xy.

What about abinomia x monomial? For example, (5y +2) x 3x="?
We may usecommutativelaw as: 7x3=3x 7;oringeneral axb=bxa
Smilaly, (5y + 2) x 3x = 3x x (by + 2) = 15xy + 6x as before.

Find the product @) 2x (3 + 5xy) (i) a2(2ab—50)
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9.8.2 Multiplying a monomial by a trinomial
Consider 3p x (4p*+5p + 7). Asintheearlier case, we use distributive law;
3px (4p*+5p +7) = (3p x 4p?) + (3p % 5p) + (3p % 7)
=12p° + 15p? + 21p

Multiply eachterm of thetrinomia by themonomia and add products. TRY THESE

Observe, by using the distributive law, we are able to carry out the Find the product:

multiplication term by term. (4p? +5p+7) x 3p
Example 5: Smplify theexpressonsand evaluatethem asdirected:

() x(x=3)+2forx=1, @iy y(y—-7—-3(y—4)—-63fory=-2
Solution:

() x(x=3)+2=x2-3x+2
For Xx=1,x-3x+2=(1)?-3(1) +2
=1-3+2=3-3=0
(i) y(y-7-3(y—4)—63 =6y>*—21ly—3y+12-63
= 6y?— 24y — 51
For y=-2, 6y2—24y—51 =6 (-2)>—24(-2) —-51
=6x4+24x2-51
=24+48-51=72-51=21
Example 6: Add
(i) 5m(3—m) and 6n? —13m (i) 4y (3y*+5y—7)and 2 (y’—4y>+5)
Solution:
(i) Firstexpression=5m(3—m)=(5mx 3) —(5mx m) = 15m — 5n¥
Now adding the second expression to it,15m—5n? + 6n? —13m= n¥ + 2m
(i) Thefirst expression=4y (3y*+5y—7) = (dy x 3y’) + (4y x By) + (dy x (7))

= 12y° + 20y? — 28y

Thesecond expression=2 (Y3 —4y*+5) =23+ 2 x (—4y?) + 2 x5
=2y"~8y*+10

Adding thetwo expressions, 12y3 +  20y*-28y
oy - ey +10

14y3 + 12y*-28y +10
Example 7: Subtract 3pq (p—q) from 2pg (p + q).

Solution: Wehave 3pq (p—0q) =3p’g—3pg*> and
2pq (p + ) = 2p*q + 2pg?
Subtracting, g+  2pg?
3pq - 3pof
— +

-pg  +  5p¢f
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B EXERCISE 9.3

1. Carry out themultiplication of theexpressionsin each of the following pairs.
@) 4p,g+r (i) ab,a-b (i) a+b,7a%? (v) a®?-9,4a
() pa+ar+rp,0

2. Completethetable.

f First expression Second expression Product )
(0] a b+c+d

(i) X+y-5 5xy

(iii) p 6p’—7p+5

) Apg? p* -

v) atb+c abc

N\ J

3. Findtheproduct.

() (a9) x (26) x (40%) W (2n)x(2ev)
" 10 3) (6 3 :

(iii) [_3 DQJX[gDQJ (iv) xxx2xx3xxt

4. (@ Smplify 3x(4x-5)+3andfinditsvaluesfor (i) x=3 (ii)x:%.

(b) Snmplify a(a?+a+1)+5andfinditsvaluefor (i)a=0, (ii)a=1
(iii)a=-1.
5. (@ Add  p(p-0).a(g-r)andr(r-p)
(b) Add: 2X(z—=x-y)and 2y (z—y—X)
(o Subtract: 3l (I—4m+5n)from 41 (10n-3m+21)
(d) Subtract: 3a(a+b+c)—2b(a—b+ c)from 4c(—a+b+c)

9.9 Multiplying a Polynomial by a Polynomial

9.9.1 Multiplying a binomial by a binomial

Let usmultiply onebinomial (2a+ 3b) by another binomial, say (3a+ 4b). Wedothis

step-by-step, aswedidin earlier cases, following thedistributivelaw of multiplication,
(3a+4b) x (2a+ 3b) = 3a x (2a+ 3b) + 4b x (2a + 3b)

Observe, every term inone|—>— = (3ax 2a) + (3ax 3b) + (4b x 2a) + (4b x 3Db)
binomia multipliesevery =6a? + 9ab + 8bha + 12b?
terminthe other binomial. = 6a2 + 17ab + 1212 (Sinceba = ab)

When we carry out term by term multiplication, we expect 2 x 2 = 4 termsto be
present. But two of theseareliketerms, which are combined, and hencewe get 3terms.
In multiplication of polynomialswith polynomials, we should alwayslook for like
terms, if any, and combinethem.
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Example 8: Multiply
() (x—=4)and(2x+ 3) @[y (x—y)and(3x+ 5y)
Solution:
() (xX=4)x(2x+3)=xx(2x+3)—4x(2x+3)
Z(XX2)+ (Xx3)—(4x2X)—(4%x3) =2+ 3x—8x—12
=2x2—-bx—-12 (Adding liketerms)
(i) (x—y)x(3x+5y)=xx(3x+3y) -y x (3 +5y)
= (xx3x) + (x x 3y) — (y x 3x) — (y x 5y)
= 3%?+ 5xy — 3yx—5y? = 3x? + 2xy —5y? (Addingliketerms)
Example 9: Multiply

@) (@a+7)and(b-5) (i) (a2+ 2b? and (5a-—3b)

Solution:

@) @+7)x(b-5=ax((b-5+7x(b-5)
=ab-5a+7b-35

Notethat thereareno liketermsinvolvedinthismultiplication.
(i) (a2+ 2b?) x (5a—3b) = a? (5a— 3b) + 2b? x (5a—3h)
= ba®—3a% + 10ab® — 6b*
9.9.2 Multiplying a binomial by a trinomial
Inthismultiplication, we shal haveto multiply each of thethreetermsinthetrinomia by

each of thetwo termsin the binomial. We shall getinall 3 x 2 =6 terms, which may
reduceto5or less, if theterm by term multiplication resultsin liketerms. Consider

(@+7) x (a®+3a+5) =ax (@2+3a+5)+7x(a2+3a+5)
binomial trinomial [usngthedistributivelaw]
—a*+3a?+5a+7a%+2la+35
=a’+ (3a?+ 7a%) + (ba+ 2l1a) + 35
=a®+ 10a? + 26a + 35 (Why arethereonly 4
termsinthefind result?)

Example 10: Simplify (a+b) (2a—3b+c) —(2a—3b) c.

Solution: Wehave

(a+b)(2a—3b+c)=a(2a-3b+c)+b(2a—3b+cC)
=2a’—3ab+ac+ 2ab—-3b’+ bc
=2a’—ab-3b*+bc+ac (Note, —3ab and 2ab
areliketerms)
and (2a-3b) c=2ac-3bc
Therefore,
(a+b) (2a—3b+c)—(2a—3b) c = 2a2—ab —3b? + bc + ac — (2ac — 3bc)
= 2a’*—ab—3b*+ bc + ac— 2ac + 3bc
= 2a?—ab - 3b? + (bc + 3bc) + (ac — 2ac)
=2a?—-3b*—ab +4bc—ac
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B EXERCISE 9.4

1. Multiply thebinomids.
() (2x+5)and (4x—-23) (i) (y—8)and(3y—4)
(i) (2.5 —0.5m) and (2.5 + 0.5m) (iv) (a+3b)and(x+5)
(V) (2pg+ 30f) and (3pg —29°)
. 3 2
(Vi) [Z a® +3b2) and 4(a2 -3 sz

2. Findtheproduct.

) 5-29(3+x) (i) (x+7y) (7x-y)
(i) (@*+b)(a+b?) (v) (- (2p+0)
3. Smplify.
() (-5 (x+5)+25 (i) @+5)([O+3)+5

(i) (t+s) (-9

(iv) (a+b)(c—d)+(a—b)(c+d)+2(ac+hbd)

(V) (X+Y)(2x+y)+(x+2y)(x=-y) V) (X+y)(&—xy+Yy)
(vii) (1.5x—4y)(1.5x + 4y + 3) —4.5x + 12y
(vii) (a+b+c)(a+b-c)

9.10 What is an Identity?

Consider theequality (a+l)(a+2)=a?+3a+2
We shall evaluate both sidesof thisequality for somevalueof a, say a=10.
For a =10, LHS=(a+1)(a+2)=(10+1) (10+2)=11x 12=132
RHS=a’+3a+2=10°+3x10+2=100+ 30 + 2 =132
Thus, thevaluesof thetwo sides of the equality areequal for a=10.
Let usnow takea=-5
LHS=(a+1)(a+2)=(-5+1)(5+2)=(-4) x(3)=12
RHS=a+3a+2=(-5)?+3(-5) +2
=25-15+2=10+2=12
Thus, fora=-5,aso LHS=RHS.
Weshall find that for any value of a, LHS=RHS Such an equality, truefor every
valueof thevariableinit, iscalled an identity. Thus,
(a+1) (a+2)= a?+3a+2 isanidentity.
An equation istrue for only certain values of the variableinit. It is not true for
all valuesof thevariable. For example, consider the equation
a?+3a+2=132
Itistruefor a=10, asseen above, butitisnot truefor a=-5or fora=0etc.
Try it: Show that a?+ 3a+2=132isnot truefora=-5andfora=0.

9.11 Standard Identities

Weshall now study threeidentitieswhich arevery useful in our work. Theseidentitiesare
obtained by multiplying abinomia by another binomia.
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Let usfirst consider the product (a+ b) (a+ b) or (a + b)>.
(a+b)2=(a+h)(a+th)

—al(a+b)+b(a+b)

=a*+ab+ba+b?

=a’+2ab+b? (sinceab=ba)
Thus (a+b)?=a+2ab+b? 0

Clearly, thisisanidentity, sncetheexpress on onthe RHSisobtained fromthe LHS by
actua multiplication. Onemay verify that for any vaueof aand any vaueof b, thevauesof

thetwo sidesareequal.
® Nextweconsider (a—b)2=(a—b) (a—b)=a(a—b)—b(a-b)
Wehave za?—ab—-ba+b’=a2-2ab+b?
or (a—b)>=a>2—2ab+b? (1))

® Findly, consider (a+b) (a—b). Wehave(a+b) (a—b)=a(a—b)+b(a-b)
=a’?—ab + ba-b? = a?-b*sinceab=ha)
or (a+b)(a—b)=a2-b? (1)
Theidentities(l), (1) and (111) areknown asstandar d identities.

TRY THESE

1. Put—binplaceof binldentity (I). Doyou get Identity (11)?

® \Weshall now work out onemoreuseful identity.
(x+a)(x+b)=x(x+b)+a((x+b)
=x*+bx+ax+ab
or (x+a) (x+h)=x2+(a+b)x+ab

TRY THESE

1. Veify ldentity (1V),fora=2,b=3,x=5.

2. Consider, the specia case of Identity (1V) with a= b, what do you get?Isit
related to Identity (1)?

3. Consider, thespecia caseof Identity (IV) witha=-candb=-c. What doyou
get?lIsitrelated to I dentity (I1)?

4. Consider thespecia caseof Identity (1V) withb=—a. What do you get?Isit
related to Identity (111)?

We can seethat | dentity (1V) isthegeneral form of the other threeidentitiesal so.

9.12 Applying Identities
Weshall now seehow, for many problemson multiplication of binomia expressonsand
also of numbers, useof theidentitiesgivesasmplealternative method of solving them.
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Example 11: Usingtheldentity (1),find (i) (2x+ 3y)? (i) 1032
Solution:
0} (2x+ 3y)? = (2x)? + 2(2x) (3y) + (3y)*>  [Usingtheldentity (I)]
= 4% + 12xy + 9y?

We may work out (2x + 3y)? directly.
(2x + 3y)? = (2x + 3y) (2x + y)

= (29 (2¢) + (2 (3y) + (3y) (2x) + (3y) (3y)

=4 + 6xy + 6 yx + 9y (asxy =yx)

= 4% + 12xy + 9y?
Using Identity (I) gave usan dternative method of squaring (2x + 3y). Do you noticethat
the ldentity method required fewer stepsthan the abovedirect method?You will readise
thesimplicity of thismethod even moreif you try to square more complicated binomial
expressionsthan (2x + 3y).

(i) (103)2= (100 + 3)2

=100+ 2x 100 x 3+ 32 (Using Identity |)

= 10000 + 600 + 9 = 10609
Wemay a so directly multiply 103 by 103 and get theanswer. Do you seethat I dentity (1)
has given usalesstedious method than the direct method of squaring 103?Try squaring
1013. Youwill findinthiscase, themethod of usingidentitieseven moreattractivethanthe
direct multiplication method.

Example 12: Using ldentity (I1), find (i) (4p—30)? (i) (4.9)
Solution:
() (4p—30)*=(4p)*—2(4p) (30) +(30)* [Usingtheldentity (I1)]
= 16p* — 24pq + 9°
Doyou agreethat for squaring (4p—3q)? themethod of identitiesisquicker thanthe
direct method?
(i) (4.92=(5.0-0.1)%=(5.0>-2(5.0) (0.1) + (0.2)?
=25.00-1.00+0.01=24.01
Isit not that, squaring 4.9 using I dentity (1) ismuch lesstediousthan squaring it by
direct multiplication?
Example 13: Using Identity (111), find

(3 2\(3 2 _ )
) §m+§n) [Em_?") @)  98F¥—172 (i) 194 x 206

Solution:
2 2
0) (§m+gn) [ém_gn) - §m) _ (Z n) Try doing thisdirectly.
2 3 2 3 2 3 You will realise how easy
9 our method of using
= Zmz —§n2 Identity (111) is.

(i) 9832—17?=(983 + 17) (983 -17)
[Herea=983,b=17,a2—b?=(a+ b) (a—h)]
Therefore, 9832 — 172 = 1000 x 966 = 966000
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(iii) 194 x 206 = (200 — 6) x (200 + 6) = 200% — 62
= 40000 — 36 = 39964
Example 14: Usethe Identity (x + a) (x + b) =x* + (a + b) x + ab to find the
fallowing:
(i) 501 x 502 (i) 95x 103
Solution:
() 501 x 502 = (500 + 1) x (500 + 2) =500°+ (1 +2) x 500 + 1 x 2
= 250000 + 1500 + 2 = 251502
(i) 95 x 103 = (100 —-5) x (100 + 3) = 100% + (-5 + 3) x 100 + (-5) x 3
= 10000 — 200 — 15 = 9785

B EXERCISE 9.5

1. Useasuitableidentity to get each of thefollowing products.
i) x+3)(x+3) (i) (2y+5)(2y+5) @iy (2a-7)(2a-7)

iv) (3a— %) (3a— %) V) (1.1m—04) (L1m+0.4) &
Vi) (@+D) (—@+b?) (i) (6x—7)(6x+7) (i) (ca+c)(—a+c)

(ix) [g + %yj [g + 3743') () (7a—9b) (7a—9b)

2. Usetheidentity (x+a) (x+b) =x2+ (a+ b) x + abto find thefollowing products.

() (x+3)(x+7) (i) (4x+5) (4x+1)
@iy (4x—5) (4x-1) (iv) (4x+5)(4x-1)
(V) (2x+5y) (2x+3y) (i) (282 +9) (28*+5)

(i) (xyz—4) (xyz—-2)
3. Findthefollowing squaresby usngtheidentities.
0 (b-7) (i) (xy+ 327 (iii) (6x> - 5y)?

2 3
@iv) [5 m-+ > n) (v) (0.4p—-0.50)2 (Vi) (2xy + By)?

4. Smplify.
() (@*—b?? (i) (2x+5)*—(2x-"5)?
@iy (7m—=8n)2+ (7m+ 8n)? (iv) (4m+5n)2+ (5m+ 4n)2
(v) (2.5p—-1.50)?—(1.5p—2.50)2
(vi) (ab+ bc)?-2ab’* (vii) (m? —n?m)? + 2m°n?
5. Show that.
() (Bx+7)*—84x=(3x—7) (i) (9p—5q)*+180pg = (9p + 50)*
2
(ii) [gm—%n) +2mn = %mz +%n2

(V) (4pq+ 30)*— (4pq — 30)* = 48pc?
V) (a=b)(atb)y+(b-c)(b+c)+(c—a)(ct+ta=0
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6. Usingidentities, evauate.

@ 712 (i) 99? (i) 1022 (iv) 9982
(v) 5.2 (vi) 297 x 303 (vii) 78 x 82 (vii) 8.9
(ix) 1.05x9.5
7. Usinga?-b?=(a+b) (a—b), find
() 512—49 (i) (1.02)>—(0.98)?(iii) 1532 —1472

V) 12.12-7.9
8. Using (x+a) (x+b) =x2 + (a+b) x + ab, find
() 103x104 (i) 51x52 (i) 103 x 98 (V) 9.7x98

— WHAT HAVE WE DISCUSSED? —

. Expressonsareformed from variablesand constants.
2. Termsareadded to form expressions. Termsthemselves areformed as product of factors.

3. Expressionsthat contain exactly one, two and threetermsare called monomials, binomialsand
trinomialsrespectively. Ingeneral, any expression containing oneor moretermswith non-zero
coefficients (and with variableshaving non- negative exponents) iscalled apolynomial.

4. Liketermsareformed fromthe samevariablesand the powersof thesevariablesarethe same,
too. Coefficientsof liketerms need not bethe same.

5. Whileadding (or subtracting) polynomials, first look for liketermsand add (or subtract) them;
then handletheunliketerms.

6. Therearenumber of Stuationsinwhichweneed to multiply algebraic expressons: for example, in
finding areaof arectangle, thesidesof which aregiven asexpressions.

7. A monomia multiplied by amonomia dwaysgivesamonomial.

8. Whilemultiplying apolynomia by amonomial, wemultiply every terminthepolynomia by the
monomid.

9. Incarrying out themultiplication of apolynomia by abinomid (or trinomid), wemultiply term by
term, i.e., every term of the polynomia ismultiplied by every terminthebinomia (or trinomial).

Notethat in such multiplication, wemay get termsin the product which arelike and haveto be
combined.

10. Anidentity isanequality, whichistruefor al valuesof thevariablesintheequality.
Ontheother hand, an equationistrueonly for certain valuesof itsvariables. An equationisnot an

identity.

11. Thefollowingarethestandard identities:
(a+hb)2=a?+2ab+b? ()
(a—b)?=a?—-2ab + b? ()
(a+b)(a—b)=a>-b? (1)

12. Another useful identity is(x+a) (x+b) =2+ (a+b)x+ab (V)

13. Theabovefouridentitiesareuseful in carrying out squaresand products of agebraic expressions.
They a so alow easy dternative methodsto cal cul ate products of numbersand so on.

— Source: NCERT




