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Chapter 2: Polynomials
AT 2: TgUE

Section 1: Detailed Concepts, Definitions & Geometric Meaning
ET 1: fasga srqurond, qReid ud s svet
2.1 Introduction & Degree of a Polynomial / 2.1 4fA<rT Q& aigue &t a1

[English Theory]: If p(x) is a polynomial in x, the highest power of x in p(x) is called the degree of the polynomial.
« Linear Polynomial: A polynomial of degree 1. Standard form: ax + b (where a # 0). Example: 2x - 3.

» Quadratic Polynomial: A polynomial of degree 2 (derived from 'quadrate' meaning square). Standard form: ax?

+ bx + ¢ (where a # 0). Examples: 2x2 + 3x - 2/5, y2 -2.
« Cubic Polynomial: A polynomial of degree 3. Standard form: ax® + bxZ + cx + d (where a # 0). Example: 2 - x3.

Zero of a Polynomial: A real number k is said to be a zero of a polynomial p(x) if p(k) = 0. For a linear polynomial
ax + b, the zero is -b/a.

[&& Rgia]: afd p(x) =R x # T 9gue 8, dt p(x) H x I I=IdH °1d dIgus ! °1d (Degree) FHgald! gl

« A aguz (Linear): ©1d 1 &1 IgU&| A ®U: ax + b (ST@T a # 0) | Jag0T: 2x ~ 31

« fgara ague (Quadratic): =1d 2 &1 9gue (‘Farge’ Srufq aif @) | A O ax? + bx + ¢ (Sigfa # 0) 1 I x2 - 2x - 8I
« fruTe sigus (Cubic): 91 3 o1 Sgug | Hieh ®U: ax> + bx? + cx + d (Sef a # 0)1

AGUE T Y[RIh: b AT lcIeh TAT k TgUS p(X) ol e Shgelld! 8, T p(k) = 0 81 Weh qgue ax + b @l Lk -b/a §id1 61

2.2 Geometrical Meaning of the Zeroes of a Polynomial / 2.2 f&t agug & =renl o1 Satfaedta aref

[English Theory]: The zeroes of a polynomial p(x) are precisely the x-coordinates of the points where the graph
of y = p(x) intersects the x-axis.

1. Linear Polynomial y = ax + b: Graph is a straight line that intersects the x-axis at exactly one point: (-b/a, 0). It
has exactly 1 zero.

2. Quadratic Polynomial y = ax? + bx + c: The graph is a smooth U-shaped curve called a parabola.

e Opens upwards if a > 0; opens downwards if a < 0.

e Case 1: The graph cuts the x-axis at two distinct points A and A' = 2 distinct zeroes.

« Case 2: The graph touches the x-axis at exactly one point A = 2 equal zeroes (1 coincident zero).

e Case 3: The graph lies completely above or below the x-axis (does not intersect) = No real zeroes (0 zeroes).
3. General Rule: A polynomial of degree n has at most n real zeroes.

[[&& Rgia]: gue p(x) & e arad | 34 fdgsi & x-Fdaries gid € S8l y = p(x) &7 3ATeikg (UTh) X- 3187 i el ol
1. Ak FgUE: 3ATel@ Yo Tl T GIdT & Sil x-3787 i Sieh 1 fdig W et § = chael 1 H|

2. fgara ague: smei@ e g gid1 ¢ o1 uaera (Parabola) &sd 61

e i a > 0 8, A WRaery FR i 3R WAl g §; afk a < 0 §, at 3 dhr 37k e grar 81

o @ 1: 3NeRG x-3181 i <t f97 foigeff W dear & = 2 f9a arafaes =)

o @ 2: STeE x-3187 DY had Uk fog TR Wl a1 § = 2 sR1eR e (1 Furdt faig) |

o R 3: TG x- & hl Fgl Aa! Il = HIS ATEATADh LS gl (0 YR |

3. @raas fFrm: n ura & fhelt ague & 3ifde @ sifdes n e 8t Tehd 8

2.3 Relationship between Zeroes and Coefficients of a Polynomial / 2.3 3[aehl 31z T[uriesl & oft=r daer

[English Theory]: Let a and B be the zeroes of the quadratic polynomial p(x) = ax? + bx + ¢ (where a # 0). Then
(x - a) and (x - B) are factors of p(x).
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Therefore, ax? + bx + ¢ = k(x - a)(x - B) = K[x? - (o + B)x + aB].
Comparing coefficients of like powers of x on both sides:
e Sum of zeroes: a + B = -b / a = —(Coefficient of x) / (Coefficient of x2)

« Product of zeroes: af = ¢ / a = Constant term / (Coefficient of x?)

Formation of a Quadratic Polynomial: If the sum of zeroes S = a + B and product of zeroes P = af are known, the

quadratic polynomial is given by:
p(x) =k [ x2-Sx+Pl=K[x%- (a+ B)x + aB ] (where k is any non-zero real number).

[ﬁﬁﬁ@]:mﬁﬁqaaﬁ?pﬁwa@zp(x)=ax2+bx+c(a¢0)$2l:q—cﬁﬁlair(x—a)Gﬁ?(x—ﬁ),p(x)a?{[UH@—s
g 81

37d: ax2+bx+c=k[x2— (a + B)x + aB]i

T SR x &Y THI Td! & TOTieh &l goiril e IR:

o Y[eRT TN (a + B) = ~b / a = - (X T IUTIE) / (X2 T I[UTIH)

« YT T IUHA (0B) = ¢ / a = =R UE / (X2 & I[UTiaH)

fgaTa ague a1 fAmfor: aft st &1 ahr S JuT UHEe P T &, dt srefte fgena sgue:
p(x) = k [X% - Sx + P (78T k g YR arafaes 9 @) |

(i) 0 Zeroes (No X-intercept) (ii) 1 Zero (1 X-intercept) (iii) 3 Zeroes (3 X-intercepts)
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Fig 2.1: Graphs of y = p(x) in Exercise 2.1 (i) to (vi) lllustrating 0, 1, 3, 2, 4, and 3 Zeroes via X-Axis Intersections — TYBA
Coaching Centre

Section 2: Textbook Solved Examples with Step-by-Step Bilingual Solutions
T3 2: USIYEaE & Ot gt fog g 3IqreRon (fasqa wRuteg &)

Textbook Example 1: Finding Zeroes from Graph / 3&Tg<01 1: UTth & [RIehi chl T FAT =T

[Problem - EN]: 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).

w21 - HI: <3 & 7€ snopfaat & e y = p(x) &1 AT &1 Uedah 1% & fAQ p(x) & aeni i Hear 7 Rifag)

Step-by-Step Solution (English):

(i) The number of zeroes is 1 as the graph intersects the x-axis at one point only.
(ii) The number of zeroes is 2 as the graph intersects the x-axis at two points.
(iii) The number of zeroes is 3 as the graph intersects the x-axis at three points.
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(iv) The number of zeroes is 1 as the graph intersects the x-axis at one point.
(v) The number of zeroes is 1 as the graph touches the x-axis at one point.
(vi) The number of zeroes is 4 as the graph intersects the x-axis at four points.

WRoTe & (fedh):

(i) YRt Y TwE=AT 1 8 ifch U x-31&7 ot haet 1 foig R ahredT g1
(ii) rent Y =T 2 & FRlfch Ut x-31e7 i 2 feigeit R rear g1

(iiil) Y[aent &Y et 3 § ifch UTth x-318f ot 3 foigatt WR et 8l
(iv) el &Y T&ar 1 g1

(V) Sen! ht Tt 1 ¢ eifch U1t x-31&7 ot 1 fofg uR wusf e 81
(Vi) {[RIRT <h! AT 4 ¢ iR UTth x-378T i 4 foigait R hredT g1

Textbook Example 2: Zeroes & Verification for x2 + 7x + 10 / I&IgI0T 2: x2 + 7x + 10 & ek Yd QTG

[Problem - ENI: Find the zeroes of the quadratic polynomial x2 + 7x + 10, and verify the relationship between the
zeroes and the coefficients.

[5151 - HIJ: f&ema agug x2 + 7x + 10 & ek A1 FHIFAQ 3R Y=renl a1 T[uTich] & dfier & Heyr ht dear Fi sita Fifgi

Step-by-Step Solution (English):

Step 1: Factorise by splitting the middle term:

X2+ 7x+10 =2+ 2x + 5x + 10 = X(X + 2) + 5(x + 2) = (X + 2)(X + 5).

So, the value of x%2 +7x +10is zerowhen x + 2 =0o0rx + 5 = 0,i.e., whenx=-2orx=-5.
Therefore, the zeroes of x2 + 7x + 10 are a = =2 and B=-5.

Step 2: Verification with coefficients (Herea =1, b =7, ¢ = 10):

* Sum of zeroes = (-2) + (-5) = =7 = =(7)/1 = —(Coefficient of x) / (Coefficient of x?) = -b/a.
« Product of zeroes = (-2) x (=5) = 10 = 10/1 = Constant term / (Coefficient of x2) = c/a.
Hence verified.

WU g (fF4):

TROT 1: HEl U I fAHeRT dech UMHES e TR

X2+ 7x +10 = X(X + 2) + 5(x + 2) = (x + 2)(x + 5)I
A:Xx+2=03YaTx+5=0=>x=-2TTx = -5

39 UHR JgUS oh YIh -2 3R -5 5|

TRUT 2: TUTIchI o 1Y Hee ol AT (Tgfa =1, b =7, ¢ = 10):

o I GBI AN = (-2) + (=5) = =7 = =7/1 = —(x &I {[OTieh)/(x? oI OTieh) = -b/al
o I &I O = (-2) x (=5) = 10 = 10/1 = 3R Ue/(x? ol 7uTih) = c/al
3q: ey g7 &g gam

Textbook Example 3: Zeroes & Verification for x> - 3 / 3&1gx01 3: x2 - 3 & [ Qd SATd=
[Problem - ENI: Find the zeroes of the polynomial x2 — 3 and verify the relationship between the zeroes and the
coefficients.
[5%1 - HI]: 9gUe x2 — 3 & e 1 HIfAq iR grrent aut qotient & e & deer &Y wegar H sita Fifsig)

Step-by-Step Solution (English):

Recall identity a2 - b2 = (a - b)(a + b).

x? = 3=x2 - (v3)? = (x - v3)(x + V3).

So, the value of x% - 3is zerowhenx - v3 =0o0rx + v3 = 0,i.e., x=v3orx=-v3.

Therefore, the zeroes are v3 and -v3.

Verification (Herea=1,b =0, c = -3):

* Sum of zeroes = v3 + (-v3) = 0 = -(0)/1 = -b/a.
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* Product of zeroes = (v3)(-v3) = -3 = -3/1 = c/a.
Verified successfully.

=T g (fdh):

TiaZ-b%=(a-b)(a+hb)d:

x2 - 3= (x - V3)(x + v3)I

37d: Ih V3 R -V3 El

| (Fgfa=1b=0,¢c = -3):

o [l HI AT = V3 - v3 =0 = -0/1 = -b/al

o [T &1 TUHHA = (V3)(-v3) = -3 = -3/1 = c/al
3d: Hefe T gal

Textbook Example 4: Forming Quadratic Polynomial with Sum -3 & Product 2 / I&Tg30T 4: IRT -3 JT UHGA
2 & ague Pfor
[Problem - EN]: Find a quadratic polynomial, the sum and product of whose zeroes are -3 and 2, respectively.
[w%1 - HI]: T fZena agus sira hifSig, e yraent 1 o aur o shasr: -3 3R 2 8

Step-by-Step Solution (English):

Let the quadratic polynomial be ax? + bx + ¢, and its zeroes be a and B.

We are given: a + B =-3=-b/a and of =2 =c/a.

If we takea =1,thenb =3 andc = 2.

So, one quadratic polynomial fitting the given conditions is X2+ 3x + 2.

In general, any polynomial of the form I<(x2 + 3x + 2), where k # 0, satisfies the given conditions.

WRoTer & (fed):
W%maag’qzax2+bx+céamsﬂa?szfmﬁaaﬁ?ﬁ%|

UAJIR: o + B = -3 = -b/adyrap = 2 = c/al

giga=1d dtb=33Rc=2uadgargl

ara: arfte fgard sgue x2 + 3x + 2 &1 (aATUH FU: k(xZ + 3x + 2) STETk # 0)1

Section 3: Exercise 2.1 Complete Solutions (All 6 Graphs)
T3 3: WAt 2.1 ¥ HYUf g1 (Tt 6 )

Exercise 2.1 — Question 1/ ysitaeft 2.1 —us 1
[EN] The graphs of y = p(x) are given in Fig. 2.10 below, for some polynomials p(x). Find the number of zeroes of

p(x), in each case (i) to (vi).

[HI] freft srgue p(x) & fAg, y = p(x) &1 a1 A= amepfar 2,10 F far 81 wades fRAfa d, p(x) & et &t Hear ara Hifsg:

Part/  Graph Description & Intersection Analysis T feRoT ge ufaede fasdwor Number of
HRT (English) (74 Zeroes / [h
(i) The graph is a straight horizontal line parallel to the ~ 3fTei@ x-31&7 & HIAR Th TRaT @ O (No zeroes /
x-axis. It does not intersect the x-axis at any point. & S x-37e7 ot foRelt oft fofig wr =7g IS A al)
It
(ii) The curve intersects the x-axis at exactly one point @k x-31&1 &l Fhae 1 g Wufaeda 1
in the positive x-region. T &
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Part/  Graph Description & Intersection Analysis T feRoT ge ufdede fasdwor Number of
HRT (English) (7)) Zeroes / [
(iii) The curve intersects the x-axis at three distinct Teh x-31¢7 @l 3 - foiget ™ 3

points (two in negative x and one in positive x). ufdede HedT gl
(iv) The parabola opens upwards and intersects the x- SR I SR GAT TRAAT X-37&T Dt 2

axis at two points. 2 fogall W wred 8l
(v) The curve intersects the x-axis at four distinct Teh x-3187 i 4 foigett o ufaese 4

points. T B
(vi) The curve touches/intersects the x-axis at three Teh x-31e7 i 3 feigatt uR wel/ 3

points (1 crossing + 2 tangent touches). ufdeese exar gl

Final Answer /3<R: (i) O (ii) 1 (iii)) 3 (iv)2 (v) 4 (vi)3

Section 4: Exercise 2.2 Complete Step-by-Step Solutions
TS 4: LT 2.2 F YU TRUMEG, g

Exercise 2.2 — Question 1/ usmaeit 2.2 —usr 1

[EN] Find the zeroes of the following quadratic polynomials and verify the relationship between the zeroes and
the coefficients:
(i) x2-2x-8 (ii) 4s2-4s +1 (iii) 6Xx2-3-7x (iv) 4u?2+8u (v)t2-15 (vi)3x2-x-4

[HI] f=1 fEema aguel & saeh AA1a R 3R rent auT ToTien & dffer & Heier &Y dear &t sirg Hifag:
(i) x2-2x-8 (ii) 4s2-4s +1 (iii) 6Xx2-3-7x (iv) 4u?>+8u (v)t2-15 (vi)3x2-x-4

()x®-2x-8 (a=1,b=-2,¢c=-8):

Splitting middle term: X2 —4x +2x -8 =x(x - 4) + 2(x - 4) = (x - 4)(x + 2).

Setting p(x) = O gives zeroes a =4 and g = -2.

Verification: Sum = 4 + (-2) = 2 = =(-2)/1 = -b/a; Product = 4 x (-2) = -8 = (-8)/1 = c/a. Verified.

(ii)4s2-4s+1 (a=4,b=-4,c=1):

452 -2s-2s+1=2s(2s-1) - 1(2s - 1) = (25 - 1)2.

Setting p(s) = 0 gives zeroes a=1/2 and B = 1/2.

Verification: Sum = 1/2 + 1/2 = 1= -(-4)/4 = -b/a; Product = (1/2)(1/2) = 1/4 = 1/4 = c/a. Verified.

(iii) 6x> -3 -7x=6x2-7x-3 (a=6,b=-7,c = -3):

Splitting middle term: 6x2 - 9x + 2x - 3 = 3x(2x - 3) + 1(2x - 3) = (2x - 3)(3x + 1).

Setting p(x) = O gives zeroes a = 3/2 and B = -1/3.

Verification: Sum = 3/2 - 1/3 = 7/6 = =(-7)/6 = -b/a; Product = (3/2)(-1/3) = =3/6 = —-1/2 = c/a. Verified.

(iv)4u2+8u (a=4,b=8,c=0):
4u(u + 2) = 0 gives zeroes o =0 and B = -2.
Verification: Sum = 0 + (-2) = -2 = -8/4 = -b/a; Product = 0 x (-2) = 0 = 0/4 = c/a. Verified.

(v)t2-15 (a=1,b=0,c=-15):
(t - v15)(t + ¥15) = 0 gives zeroes a = ¥v15 and B = -v15.
Verification: Sum = v15 - ¥15 = 0 = -0/1 = -b/a; Product = (v15)(-v15) = =15 = (-15)/1 = c/a. Verified.
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(vi)3x2-x-4 (a=3,b=-1,c=-4):

3x% - 4x + 3x - 4 = x(3x - 4) + 1(3x - 4) = (3x - 4)(x + 1).

Setting p(x) = O gives zeroes a =4/3 and B = -1.

Verification: Sum = 4/3 - 1=1/3 = =(-1)/3 = -b/a; Product = (4/3)(-1) = -4/3 = c/a. Verified.

Final Answer /3= (i) -2, 4 (i) 1/2,1/2 (iii) =1/3, 3/2 (iv) -2,0 (v) -v15,v15 (vi) -1, 4/3

Exercise 2.2 — Question 2 / UiTaeit 2.2 — 9% 2

[EN] Find a quadratic polynomial each with the given numbers as the sum and product of its zeroes respectively:
(i) 1/4,-1 (ii) v2,1/3 (iii)) 0,v5 (iv) 1,1 (v)-1/4,1/4 (vi) 4,1

[HI] ge fZara ague sira RS, e et & g aur o A & 18 S 8
(i)1/4,-1 (i) v2,1/3 (iii) 0,v5 (iv) 1,1 (v)-1/4,1/4 (vi) 4,1
[EN/HI] Formula: p(x) = k[x2 - (Sum)x + (Product)]:
e (i) Sum =1/4, Product = -1:
p(x) = k[x2 - (1/4)x - 1]. Choosing k = 4 gives 4x2 - x - 4.
e (ii) Sum = v2, Product = 1/3:
p(x) = K[x2 - v2x + 1/3]. Choosing k = 3 gives 3x2 - 3v2x + 1.
e (iii) Sum = 0, Product = v5:
p(x) = K[x2 = 0-X + V5] = x2 + V5.
e (iv) Sum =1, Product = 1:
p(x) = k[x? = 1x + 1] = x2 = x + 1.
e (v) Sum = -1/4, Product = 1/4:
p(x) = K[x2 - (=1/4)x + 1/4]. Choosing k = 4 gives 4x2 + x +1.
e (vi) Sum =4, Product=1:
p(x) = K[xZ - 4x + 1] = x% = 4x +1.

Final Answer /3¥%: (i) 4x2 - x - 4 (ii) 3x2 - 3v2x +1 (iii) X2+ v5 (iv)x2-x+1 (v) 4x%+x+1 (vi)x2-4x +
1

Section 5: Chapter Summary & Key Formulas
e 5: AT AR T 999 I

Concept / G Mathematical Form (English) 24 fae=or

Linear Zero ax+b=0=x=-b/a &en SgUe 1 Iw = -b/a

Sum of Quadratic Zeroes a+PB=-b/a [T hT T AT = — (X &I T[UTieR)/ (X2 T TUTieh)
Product of Quadratic Zeroes oB =cla S[eh! T UMThE = 37eR U&/(x? T {[0Tich)
Quadratic Polynomial Form K[xZ - (a+B)x + o] K[x? - (@)X + (TOTTheA)]
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