POLYNOMIALS

2.1 Introduction

In Class TX, you have studied polynomials in one variable and their degrees. Recall
that if pl(x) iz a polynomial in x, the highest power of x in p(x) is called the degree of
the polynomial p(x). For example, 4x + 2 is a polynomial in the variable x of

degree 1, 2% — 3y + 4 is a polynomial in the variable y of degree 2, 52— 4x3 + x - 2
a =]
ig a polynomial in the variable x of degree 3 and 7uf — Eu"’ + 4u” + 1 — 8 izapolynomial

1
in the vanable v of degree 6. Expressions like X Ax 2. =~ el are
x=1 T+ +3
not polynomials.,

A polynomial of degree | is called a linear polynomial. For example, 2x — 3.
5
Jx+s, ¥+ JE i (7 lEI Az iu + 1., ete., are all linear palynomials: Polynomials

such as 2x + 5 — &%, ¥ + 1, etc., are not linear polynomials.
A polynomial of degree 2 is called a quadratic polynomial. The name 'quadratic’

has been derived from the word ‘quadrate’, which means ‘square’. 2x+ 3x— %s

¥ =2, 2— 2+, 1—; — 22+ 5,452 - év. 477 +_l—r are some examples of

gquadratic polynomials (whose coefficients are real numbers). More generally, any
quadratic polynomial in x is of the form ax® + bx + £, where a, b, ¢ 4are real numbers
and a#0. A polynomial of degree 3 is called a cabie polynomial. Soroe examples of
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a cubic polynomial are 2 — 3, 2%, 25, 3 -3+ 5% 32— 257 + & — L. In fact, the most
general form of a cubic polynomial iz

ax® + bx? + cx + 4,
where, a. b, ¢, d are real numbers and a £ (.

Now consider the polynomial pix) = x — 3x — 4. Then, putting x = 2 in the
polynomial, we get p(2) =22 - 3 x 2 — 4 = - 6. The value *- 6', obtained by replacing
by 2 in % - 3x —4 18 the value of ¥* — 3x—4 at x= 2. Similarly, p(0) 18 the value of
plx) at x =0, which is — 4,

It p(x) is a polynomial in x, and if & is any real number, then the value obtained by
replacing x by kin p(x), is called the value of pix} at x =k, and is denoted by p(k).

What is the value of p(x} =2 -3xr -4 at x = ~1? We have :

pi-1)=(-1F-{3x{-1)}-4=0
Also, notethat pd) =42 - (A xd) -4 =0.

As p(-1) = 0 and p(4) = 0, -1 and 4 are called the zeroes of the quadratic
polynomial 22 — 3x — 4, More generally, a real number & is said to be a zero of a
polynomial p(x), if p(k) = 0.

You have already studied in Class IX, how to find the zerces of a linear
polynomial. For example, it k is a zero of p{x) = 2x + 3, then p(k) = 0 gives us

3

= 0ikeyke—r
2k + e 2 )

In general, if kis a zeroof p(x) =ax + b, then plk) =ak + b =0, 1e, £= ?‘

So, the zero of the linear polynomial ax + bis =t =_ (Cc_u‘lsfam term) .
a  Coefficiemt of x
Thus, the zero of a linear polynomial is related 1o its coefficients. Does this
happen in the case of other polynomials too? For example, are the zeroes of a quadratic

polvnomial alzso related to its coefficients?

In thig chapter, we will try to answer these guesiions. We will also study the
division algorithm for polynomials.

2.2 Geometrical Meaning of the Zeroes of a Polynomial

You know that a real nuraber ks a zero of the polynomial pl) if p(k) = 0. But why
are the zeroes of a polvhomial so important”? To answer this, first we will see the
geometrical representations of linear and quadratic polynomials and the geometrical
meaning of their zeroes.
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Consider first a inear polynormial ax + b, a # (). You have studied in Class X that the
graph of y =ax + b is a straight line. For example, the graph of y = 2x 4+ 3 is a straight
line passing through the points (- 2, —1) and (2, 7).

x = 2

y=2%+3 | -1 7

From Fig. 2.1, you can sec
that the graph of v = 2x + 3
intersecis the x-axis mid-way

beiween x = =1 and x = -2,

that is, at the point (-%,-ﬂ].

You also know thal the zero of

2%+ 3 18 _g.'l'tms,thﬂzamnf

the polynomial 2x + 3 is the
x-coordinate of the point where the
graph of y = 2x + 3 intersects the

X-axis.

In general, for a linear polynomial ax + b, a# 0, the graph of y=ax + b is a
straight line which intersects the x-axis at exactly one point, namely, ["—h. L'I].
a

Therefare, the linear polynonual ax + b, 4 # 0, has exactly one zero, namely, the
x-coordinate of the point where the graph of y = ax + b intersects the x-axis,

Now, let us look for the geometrical meaning of a zero of a quadratic polynomial.
Consider the quadratic polynomial x* = 3x — 4. Let us see what the graph®* of
y=x'—3x—4 looks like, Let us list a few values of y = #* - 3x — 4 comesponding (o
a few values for x as given in Table 2.1.

* Plotting of graphs of quadratic or cubic palynomials is not meant to be done by the stodents,
nor iz o he evaluaed.
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Table 2.1
x =2 | =1 0 1 2 3 4 |5
y=0-3x-4 | 6 0 | -4 | -6 | -6 | -4 0 |6

'I'fw:' IDCB.E ﬂlﬂ Pﬂiﬂtﬂ ]istﬂd fistliatin feisis i e i e R et e s H R R R e
abuvﬂ D]] a gmphpam aud 1 ;:I 13 HE{H{E| =i 'FD 1 = pwie | (15
the graph, it will actually look like g
the one given in Fig. 2.2, =

.

;-_ll
HH I

In fact, for any quadratic B
polynomial ax? + bx + ¢, a £ 0, the 15,4
graph of the corresponding =
equation y =ga'+bx+chasone — imtc o)
of the two shapes either open d EEHE E |% 555%
upwards like U or open 1':|” §|ﬁﬁ|ﬂ§%ﬁﬁé§ﬁtﬁﬁﬁwﬁ
downwards like /\ depending on !E@%gﬂlﬁﬁgﬁkméﬁ%m mu%ﬁ%%
whether @ > 0 or a < 0. (These = * .Eﬂﬁﬂlﬂ‘?ﬁﬁﬁ

curves are called parabolas.) *.é" - Eg? |
- ﬁ%l@ml HEME .ggﬂiﬁﬁg

%‘%ﬁiﬁﬁ%

I.Em'

You can see from Table 2.1 :4_|

that —1 and 4 are zeroes of the EEiEE=EESESRE

guadratic polynomial. Also 1%: EE&E@EWE?E@%E% Elggﬁﬁ @ﬁE
note from Fig. 2.2 that -1 and 4 EL%%%% Hgﬁﬂﬁgﬁﬁ@@mﬂ%@g
are the x-coordinates of the points

where the graph ol y = x* = 3x -4 ; _ g||:%%

intersects the x-axis. Thus, the & .

zeroes of the quadratic polynomial @Iiﬁ'l@ﬁﬁl .
x+— 3x —4-are x-coordinates of JEE R R e
the points where the graph of Fie. 2.3
y = x? — 3z — 4 intersects the B &
¥-axis,

This fact is true for any guadratic polynomial. i.e., the zeroes of a quadratic
polynomial ax? + bx + ¢, a# 0, are precisely the k- coordinates of the points where the
parabola reprasenting ¥ = ax? + bx + ¢ intersects the x-axis.

From our observation earlier about the shape of the graph of y = ax* + bx + ¢, the
following three cases can happen:




24 Mamueaanics

Case (i) : Here, the graph cuts x-axis at two distinet points A and A",
The x-coordinates of A and A’ are the two zeroes of the quadratic polynomial
ax® + bx + c in this casc (gee Fig. 2.3).

Fig. 2.3
Cuase (ii) : Here, the graph cuts the x-axis at exactly one point, i.e., at two coincident
points. So, the two points A and A" of Case (i) coincide here to become one point A
(see Fig. 2.4).

. o s
Fig. 2.4

The x-coordinate of A is the only zero for the quadratic polynomial ax® + bx +¢
in this case.
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C'ase (ifl) : Here, the graph i5 either completely above the x-axis or completely below
the x-axis. So, it does not cut the x-axis at any point (see Fig. 2.5).

B fﬂﬂlﬂﬁﬁlml if
g |DDH1I:!L||I|DI'I|'."J Ilﬂ.i ;

i
] [N [ 1) B i

Fig. 2.5
So, the quadratic polynomial ax® + bx + ¢ has no zero in this case,

S0, you can see geomelirically that a guadratic polynemial can have either two
distinet zeroes or two equal zetoes (i.e., one zero), or no zero. This also means that a
polynomial of degree 2 has atmost two zeroes.

Now, what do you expect the geometrical meaning of the zeroes of a cubic
polynomial to be? Let us find out. Consider the cubic polynomial > — 4x. To se¢ what
the graph of v = x" — 4x looks like, let us list a few values of y corresponding w a few
values for x as shown in Table 2.2,

Table 2.2
% 2 |a o 1| 2
y=x-4z [ 0 | 3 | 0 3 0

Locating the points of the table on a graph paper and drawing the graph, we sce
that the graph of y = & — 4x acmally looks like the one given in Fig. 2.6.
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We see from the table above
that — 2, 0 and 2 are zeroes of the
cubic polynomial +* — 4x. Observe
that —2, 0 and 2 are, in fact, the
x-coordinates of the only points
where the graph of y = x* — 4x
intersects the x-axis. Since the curve
meets the x-axis in only these 3
points, their x-coordinates are the
only zeroes of the polynorial.

Let us take a few more
examples. Congider the cubic
polynomials +* and x* — 52, We draw
the graphs of v =x* and y = 5 — »?
in Fig. 2.7 and Fig. 2.8 respectively.

Fig. 2.6

Fig. 2.8
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Note that s the only zero of the polynomial 2. Also, from Fig. 2.7, you can see
that 0 is the x-coordinate of the only point where the graph of y = 2? intersects the
x-axis. Similarly, since x* —x* = x*(x— 1), 0 and | are the only zeroes of the polynormial
x — 2 Also, from Fig. 2.8, these values are the x-coordinates of the only points
where the graph of ¥ = »* — x* intersecis the x-axis.

From the examples above, we see that there are at most 3 zeroes for any cubic
polynomial. In other words, any polynomial of degree 3 can have at most three zeroes.
Remark : In general, given a polynomial p(x) of degree n, the graph of y = p(x)
intersects the x-axis at atmost » points. Therefore, a polynomial p(x) of degree n has
Al IOSL 11 ZEFoes,

Example 1 : Look at the graphs in Fig. 2.9 given below. Each is the graph of y = p(x),
where p(x) is a polynomial. For each of the graphs. find the number of zeroes of p(x).

® @ G

(iv) (v)
Fig. 2.9

Solution :
(i) The number of zeroes is | as the graph intersects the x-axis at one point only.
{ii) The oumber of zeroes is 2 as the graph intersects the x-axis at two points.
{iil) The number of zeroes is 3. (Why?)
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(iv) The number of zeroes is 1. (Why?)
(v) The number of zeroes is 1, (Why?)
(vi) The number of zeroes is 4. (Why?)

EXERCISE 2.1

1. The graphs of y = p(x) are given in Fig. 2.10 below, for some polynomials pix). Find the
nomber of zeroes of pix), in each case.

(iv) { )
Fig. 2.10

Vi)

2.3 Relationship between Zeroes and Coefficients of a Polynomial

You have already seen that zero of a linear polynomial ax + b is _b . We will now try
i
to answer (he question raised in Section 2.1 regarding the relationship between zeroes
and coefficients of a quadratic polynomial, For this, let us take a quadratic polynomial,
say p(x) = 2¥* — 8x + 6. In Class IX, you have learnt how to factorise quadratic
polynomials by splitting the middle tertn. So, here we need to split the middle term
*— 8x' as a sum of two terms, whose product is 6 x 2x* = [2x% So, we write
2t —Bx+ 6=2¢ — 6x — 2x+ 6= 2x(x - 3) — 2(x— 3)

=(2x-2x—3) =20 — 1)x—3)
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So, the value of p(x) = 203 - Bx + 6 is zero whenx = 1 =0 orx =3 =0,1.¢., when
a=1 orax=3. So, the zeroes of 2x* — 8x + Gare | and 3. Observe that :

—(—8) _ —(Coefficient of x)
2 Coefficient of x*
Product of its zerpes = [ x3=3 :E L Condtant thon

2 Coefficient of +2

Sumofitszeroes = 1+3=4=

Let us take one more quadratic polynonnal, say, p(x) = 3x* + 5x - 2. By the
method of splitting the middle teqm,

3+ Sy =2 =30 4 Bx—x—2=3xx+ 211 +2)
= (3x— Dz +32)
Hence, the value of 3x° + 3x— 2 is zero whenetther 3x— 1 =0 orx+2 =0, i.e.,

1
when x = é of x=-32. 8o, the zeroes of 32 + 5x -2 are 3 and — 2. Observe that

4 (L2 =3 _ ~(Coefficient of 1

S f its -
um of I1ts zeroe 3 Coefficient of x*

L | =

Product of its zeroes = 2 x(-2)= ;2 = Cunatzlmt =3
3 3  Coefficiem of x

In general, if &* and p* are the zeroes of the quadratic polynomial p(x) = a® + bx + ¢,
a # (1, then you know that x — ¢t and x — b are the factors of p(x). Therefore,

ax® + bx + ¢ = k{x — o) (x — ). where k i5 a constant
= Kt — (0 + Pl + 0 ]
=kl -kl + P+ hkap
Comparing the coefficients of x%, ¥ and constant terms on both the sides, we get
a=k b=—kio+ ) and c = kafi.

This gives a+p= =

@

¥ o, are Greek letters pronounced as “alpha’ and ‘beta” respectively, We will uge later one
more leter ' pronounced as ‘gamma’.
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. b —(Coefficienl of x)
LE.. sumof Zeroes =0+ P=—— = : .
i Coefficient of

_ Constant term
a Coefficient of ©*

[Ex]

product of zeroes = aff =

Let us consider some exarples,
Example 2 : Find the zeroes of the quadratic polynomial x* + 7x + 10, and verify the
relationship between the zeroes and the coefficients,
Solution : We have
4T+ 10=(x+2Nx+35)
So, the value of x* + Tx+ 10 is zerowhen x + 2=0orx+ 5=0, i.e.. whenx=—2 ar
x =-5. Therelore, the zeroes of +* + Tx + 10 are — 2 and - 5. Now,
~(7} _ ={Coellicient of x)
1 Coefficient of x*

sum of zeroes = -2+ (=5 =-(7)=

10 Constani {erm
product of zeroes = (—2) X (=5) =10 ="—= 2> >
I CoefTicient of x~

Example 3 : Find the zeroes of the polynomial »* — 3 and verify the relationship
between the zeroes and the coefficients.

Solution : Recall the identity a* — &% = (a — b)(a + b). Using it, we can write:
-3 = (s B)(x+4)
So, the value of ¥ — 3 is zero when x = /3 orx= - 3.

Therefore, the zeroes of x* — 3 are /3 and —/3.
Now.

—(Coefficient of x)
Coefficient of 1

sum of zeroes = 3 -3 =10 =

- Constant term
. = 3= ==3=—1= ’
product of zeroes (“r)( J_) 1 Coefficient of x*
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Example 4 : Find a quadratic polynomial, the sum and product of whose zeroes are
—3 and 2, respectively,

Solution : Let the quadratic polynomial be ax® + bx + ¢, and ifs zeroes be o and f.
We have

—h

a

T

mi_-B:—Ez

[~

and ofl =

fa=|thenb=3and c=2.
So, one quadratic polynomial which fits the given conditions is a* + 32 + 2.

& o

You can check that any other quadratic polynomial that fits these conditions will
be of the form k(x? + 3x + 2), where & is real,

Let us now look at cubic polynomials. Do vou think a similar relation holds
between the zeroes of a cubic polynomial and its coefficients?

Let us consider pizx) = 258 = 52" = 1dx + 8.

1
You egn check that p(x) =0 fora =4, - 2, = Since pix) can have atmost three

zertoes, these are the zeores of 237 — 5x° — 14x + 8. Now,

. 1 5 —(=5) —(Coefficient of x*)
of the zerpes = 4+ (-2)+ — === =
SHEN -2 2 2 2 Caefficient of +°

product of the zeroes = 4x(—2}xé=—4=_—3 —Cahsknt-erm.

2 Coefficient of .ra '

However, there is one more relationship here. Consider the sum of the products
of the zeroes taken two at a time. We have

{4x (=2} + {{-2} xé} +{% x4}

=—-3—1+2=—?=-_M Coetficient of x

2~ Coefficient of 2

In general, it cam be proved that if ¢, B, v are the zeroes of the cubic polynomial
ax* + bx* + ¢x + d, then
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1%
a+pf+y= o
(4
of + Br+ =,
~d
apPy= : .

Let us consider an example.

Example 5% : Verify that 3, -1, —% are the zeroes of the cobic polynomial
pix)=3x"— 55— 11x— 3, and then verify the relationship between the zeroes and the
coefficients.

Solution : Comparing the given polynomial with ax® + bx? + cx + d, we get
a=3b=-5,¢=-11. d=-3. Further
p3=3xP-0x3®-(11x3)-3=8]-45-33-3=0,

-1 =3x{-1P-53x(-1P-UX({-1)-3=-3-5+11-3=0,

(T3

|
Therefore, 3, —1 and “3 are the zeroes of 32% — 5% - 1lx—3.

So,wetakeg =3, f=-1and y= -2

Now,
I 1 3. —E&5) b
a+b+vy=3 -] —— = e —— e —
Pyt “[ 3] 33 3 a
| 1 1 =11 ¢
+ A = 1y +1{— e = =34 _——]l=——==
afi+ By +ye=3x(-1) {l}x[. 3]+( SJX?: +3I I i
: | —(-3) —-d
(1 =3>< "II Y ——— :IZ—:_.
PY =N [ 3] 3 a

* Not from the examination point of view,
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EXERCISE 2.2

1. Find the zeroes of the following quadratic polynomials and verify the relationship between
the zeroes and the coefficients.

@ PF-Ix—% (o) def—ds+1 i} -3 -Tx

vl did + Bu (v} =15 (vi) Jat-x—4
2, Find a quadratic polynomial each with the given numbers as the sum and product of its
zerpey respectively,
1 1

0 5! i V2.5 (it) 0,3

¥ 1.1 e l 1 THRr- |
i) 1 2 it (vi} 4,

2.4 Division Algorithm for Polynomials
You know that a cubic polynomial has at most three zeroes. However, if you are given
only one zero, can vou find the other two? For this, let us consider the cubic polynomial
2 —3x? —x + 3. If we tell you that one of its zeroes is 1, then you know that x — | is
a factor of x! — 32 — x + 3. So, you can divide x* — 3x* — x + 3 by x - 1, as you have
learnt in Class IX, to get the quotient x* — 2 — 3.

Next, you could get the factors of ¥* — 2x — 3, by splitting the middle term, as
{x + 1)(x — 3). This would give you

B-3x-x+3=(x-1)x-2x-3)
= (x—1Mx+ 1)(x—3)

So, all the three zeroes of the cubic polynomial are now known o you as
1,-1,3.

Let us discuss the method of dividing ong polynomial by another in some degail.
Before noting the steps formally, consider an example.

Example 6 : Divide 22 + 35+ 1 by x + 2. 2x - 1
Solution : Note that we stop the division process when 42 128+ 3%+ 1
either the remainder is zero or its degree is less than the 3uE L hy
degree of the divisor. So. here the quotient is 2z~ 1 and =
the remainder is 3. Also, x+1
2x-Dx+2D+3=20+3x-2+3=2+3x+ 1 ;xiz
e, 24+3x+l=(x+202x-1)+3 3

Therefore, Dividend = Divisor ¥ Quotient + Remainder
Let us now extend this process to divide a polynomial by a quadratic polynomial,
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Example 7: Divide 37 + # + 2+ 5by 1 + 2x + &4 355§

Solution : We first arrange the terms of the #°+ 2z + J A4 426+ 5
dividend and the divisor in the decreasing order 35+ b +3x
of their degrees. Recall that arranging the terms —

in this order is called writing the polynomials in ‘jx: -t

standard form. In this example, the dividend is ;5*' ‘+ 10 % 3

already in standard form, and the divisor, in o+ 10
A

standard form, is x4+ 2x + 1.

Step 1 : To obiain the first term of the quotient, divide the highest degree term of the
dividend (i.e., 3x°) by the highest degree term of the divisor (i.e., #%). Thig is 3x, Then
carry out the division process. What remains is =532 = x + 3.

Step 2 : Now, 1o obrain the second term of the quonient, divide the highest degree term
of the new dividend (i.e., ~5x%) by the highest degree term of the divisor (i.e., %), This
gives —5. Again carry out the division process with —52% — x + 3.

Step 3 : What remains is 9x + 10. Now, the degree of 9x + 10 is less than the degree
of the divisor x* + 2x + 1. S0, we cannot continue the division any further,

So, the quotient is 3x — 5 and the remainder is 9x + 10, Also,
(C+22x+D)xBx-5+Ox+10)= 3"+ 628+ Ix -5 - 10x -5+ 92+ 10
=30+ + 2+ 5
Here again, we see that
Dividend = Divisor % Quotient + Remainder

What we are applying here is an algorithm which is similar to Euclid’s division
algorithm that you studied in Chapter 1.

This says that
If pix) and g(x) are any two polynomials with g(x} # 0, then we can find
polynomials g(x) and rix} such that
pix) = glx) = qlx) + rix),
where 1(x) = 0 or degree of r(x) < degree of g{x).
This result is known ag the Division Algorithm for polynomials,
Let us now take some examples to illustrate its use.

Example 8 : Divide 32% = x* = 3x + 5 by x - | =272, and verify the division algorithm.
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Solution : Note that the given polynomials -1

aT:. rfnt in Slandaitﬂ form. Tn‘ cfarr}r out P4z _ﬂ O

division, we first write both the dividend and f 1

E i : 3 - . -¥XF ¥=- 3

divisot in decreasing orders of their degrees. e P

So, dividend = -2* + 3x - 3x + 5 and 3x'- Ix4 5§

divisor =" +x— 1, L T
= + L

Division process is shown on the right side,
We stop here since degree (3) =0 <2 = degree (-2* +x— 1).

So, quotient = x — 2, remainder = 3.

3

Now,
Divisor ¥ Quotient + Remainder
=(-x+x-1)(x-2)+3
= 4+x-x+27-2x+2+3
=—x+32-3x+5
Dividend
In this way. the division algorithm is verified.

Example 9 : Find all the zeroes of 2+ — 3x% = 322 + 6x - 2, if you know that two of
its zeroes are f2 and /7.

Solution : Since two zeroes arc fp and _f3. (x—ﬁ)[x +J§) =xr=-215a
factor of the given polynomial. Now, we divide the given polynomial by x* -2,

Y- 3x 41
-2 -3 - 35 Gx -2 : 2 3
: : First term of quotient is —; = 2X
iz —dr v
- +
-3+ 1+ 6a-1 s e S
48 b Second term of quotient is = ~3x
+ =
5 -2 x*
i _9 Third term of quotient is A 1
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So. 20 =3x -3t + - 2= (¥ - 22 -3z + |).

Now, by splitting —3x, we factorise 2x* — 3x + 1 as (2x— 1)(x — 1). So, itz zeroes

I
are given by x = — and x = 1. Therefore, the zerves of the given polynomial are

V2,

1"

2

2
_ﬁ. é1 ﬁﬂd 1

EXERCISE 213
Divide the polynomial p(x} by the polynomial g{x) and find the quotient and remainder
in each of the following ;
@ plx)=x'-3x+35x-3, glx)=x*-2
() pla)=x'-3xi+dx+5, gl=xt+l-x
(i) plx)=x*-5x+06, glx)=21-2

Check whether the first polymomial isa factor of the second polynomial by dividing the
second polynomial by the first polynomaak:

) A=320+3P 28 -9 |12
i) A3+, 4500 -T2+ 2042
fiil) -+l P-4+ 0243041

5
Obtain all other zeroes of 3x*+ 6x° — 26— 10x - 5, if two ol 113 Zerves are J; and —E-

On dividing 2® - 327 + x+ 2 by a polynornial gix}, the quotient and remainder were x— 2
and =2x + 4, respectively, Find g(x},

Give examples of polynomials ple), gix), g{x) and r{x}, which satisfy the division algorthm
and

() “deg pix)=deg aix) (i} deg g{x)=deg rix) (ihy degrix)=0

EXERCISE 2.4 (Optional)*

Verify that the numbers given alongside of the cubic polynomials below are their zeroes,
Aldzo venify the relationship between the Zeroes and the coeflicients in each case:

|
) 2+ x'—3x+2; 3 ,-2 iy 2 —dat+5x—2; 2.1.1

Find a cubic polymomial with the sum, sum of the product of its zeroes taken two at a
time, and the product of its zeroes as 2, -7, — 14 respectively.

*These exercises are not from the examination point of view.
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3. TFthc zeroes of tho polynomial 2* - 322 +x+ larea—-h, a. g+ b, find a and b.
4, Tttwo zerces of the polynomial #* — 65— 2652+ 138x—35are 2 + 3, find other zeroes.
5. Ifthe polyoomial x* — 6% + 1658 — 255 + 105 divided by another polynontial 2 — 2x + k,
the remainder comes ouf to be £ + o, find & and .
25 Summary

In this chapter, you have studied the following points:

1. Polynomdals of degrees 1, 2 and 3 are called linear, ¢uadratic and cubic polynomials
reapectively.

2. A quadratic polynomial in x with real coefficients is of the form ax®+ bx + ¢, where a, b, ¢
are real numbers witha =10,

3. The zeroes of a polynomial pix) arc procisely the x-coordinates of the points, where the
graph of ¥ = p(x) intersects the x- axis,

4, A quadratic polynomial can have at most 2 zeroes and a cubic polynomial can have
At most 2 Zeroes,

5. If o and [ are the zeroes of the quadratic polynomial ax® + bx + c. then
u+[i:—£. af=—

“
6. 1f o. B, v are the zeroes of the cubic polynomial @x® + bx?+ cx + d, then

e+p+y= i
[
C
o+ By yor ==
[

—d
and afy=—:
a
7. The division algorithm states that given any pelynomial pla) and any non-zero
pelynomial gix), there are polynomials g(3) and #{x) such that
plx) = glx} glx) + r(x),
where riz) = 0 or degree r(x) < degree g(x).



