Maths Chapter 2: Polynomials
ST 2 - TEUG

C’Aapz‘er Review

o Polynomial: An algebraic exprecsion of the form p(x) = anxd + an— =7

o+ agx + &, where the powere are whole numbers and an # 0. The
highest power w ic the degree. Degree 1 ic linear (ax + b), degree 2 ic
quadratic (ax* + bx + ¢), and degree 3 ic cubic (ax3+ bx?+ ex + d). A
polynomial of degree n hase at most w zeroes.

Zero of & polynomial: A real number & ic a zers of P(XJ if P(U = 0.
Example: for ,b(x) =x?-3x+2 /b[7) =0 andp(Z) =0 ¢ 1 and 2 are
zeroes. (eometrically, the zeroes of ,b(x) are the x-coordinates of the pointe
where the graph y = p(x) cute the x-axis.

Graph of & linear polynomial- The graph of y = ax + b ic & ctraight line. It
cute the x-axis at exactly one point (~b/a), co a linear polynomial has
exactly one zero.

Graph of a quadratic polynomial: The graph of y = ax?+ by +cica
parabola. If a > 0 it opens upwards (chape ()): iFa < 0 it opens
downwarde (chape N ). The parabola can cut the x-axis at two distinct
pointe (two zersec), touch it at one point (one zero, repeated) or not meet
it at all (no real zers).

Graph of a cubic polynomial: A cubic polynomial can cut the x-axis at at
most 3 pointc, So it has at most 3 zervee (it may have 1, 2 or 3 real
zeroes). In general, a polynomial of degree n has at moct n zeroes, and its
9ra,bA cuts the x-axis at at most n pointe.

Relation between zeroes and coefficients [?aao/mtic ): IF O and 3 are the
zeroes of ax’+ bx + ¢, then Sum of zeroee & + 3 = —b/a, and Product of
zervec O3 = ¢/a. Example: for x* = 5x + 6, zeroes are 2 and 3; cum 5 =

~(=5)/1 and product 6 = 6/1.
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Forming a quadratic from its zerves: A quadratic polynomial with zeroes
and 3 ic x%- (o + B)x+af, ie. x*- (cum)x + [prodact}. Any multiple 176%
- (0 + B)x + af ] ic also valid. Example: zervec 2 and -3 give x* + x - 6.
Cubic polynomial relations: Ifq, B,y are zeroes of ax3+ bx? 4+ cx + d, then
a+f +y = ~b/a, of + By +ya = ¢e/a and Ay = -d/a

Divicion algorithm for polynomiale: TF p(x) and 9(x) are polynomiale with
g[x) # 0, then there exist polynomiale 7(x} and r(x) cuch that P(x} = g[x}
x a(x) + r(x), where r(x) = 0 or degree of r(x) < degree of 9(x). Use it to
find the other zeroes when one zers ic known: divide p(x) by (x — known

zero) and factorise the quotient.

Key Terme

Po/yuamia/ — Expression with whole-number powere of a variable, like 3x% - 2x
+ 5.
Degree — The highect power of the variable in & polynomial.

Linear Polynomial — Degree 1, ax + b; graph ic a ctraight line.
Quadratic Polynomial - Degree 2, ax? + bx + ¢; graph ic a parabola.
Cubic Polynomial — Degree 3, ax>+ bx?+ ex + d: at most 3 zerves.

Zero of a Polynomial — A value k with p(k) = 0; x-intercept of the graph.
Parabola - (/-chaped curve, graph of a quadratic polynomial.

Sum of Zeroes - O + 3 = —b/a for ox?+ by + e.

Product of Zeroes - O3 = ¢/a for ax?+ bx + c.

Division Algorithm — p(x) = g(x) x a(x) + r(x), degree r < degree g.
Coefficient — The numerical factor attached to a power of x.

Constant Polynomial - A polynomial of degree 0 cuch ac 7; it has no zero
(except the zero polynomial).
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Diagrame / Flowcharte
Polynomials by Degree
Polyv.omial
|

[ I

(inear Quadratic Cubic
I I

Degree 1 Degree 2 Degree 3
1 I I

1 zero At most 2 zeroec At most 3 zeroes
1 I

Straight line Parabola

Zeroes and Coefficients (Quadratic)

Quantity Formula.
Suma + 3 -b/a
Product o3 ¢/a
Polynomial xZ- (o+B)x + o

Parabola y = ax?+ bx + ¢

a>0 a<0
* Opens upwards () * Opens downwards

. Hag a minimum point . Has’ a maximum point
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Finding the Zeroes

Write p(x) = 0
!
Factorice by cplitting the middle term

|
Eqaafe each factor to 0

!

Zeroes are the roots

d
Verity veing cum and product

Jextbook Exercise Questions
Q.1 Find the zerves of x? — 3x — 10 and verify the relation between zeroes

and coefficients.
Ans. x*= 5x+ 2x =10 = (x - 5)(x + 2), o zeroes are S and —2. Sum = 3 =
~(=3)/1. Product = ~10 = =10/1. |ferified.

Q.2 Find a quadratic polynomial whose cum and product of zerses are =3 and
2.
Ans. x? = (cum)x + product = x*— (=3)x + 2 = x* + 3x + 2.

@.3 If o am/B are zerves of 2x% — 5x + 3, find O +B m«dO(B.
Ans. O +B = -(-5)/2 = 5/2 and afy = 3/2.

Q.9 Divide ,b(x) =x3-3x%4+5¢-3 by g[x) = x? = 2 and ctate the quotient
and remainder.
Ans. Quotient 7(x) = x = 3 and remainder r(x) = #x — 9 check: (x* - 2)(x -
3)+ Px— 7=x3-3x%+5x- 3
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Q.5 Given that one zers of x> - 3x% = x + 3 i¢ 1, find the others.
Ans. Divide by (x - 1) to get x? — 2x — 3 = (x - 3)(x + 1). The other zeroes

are 3 and -1.

Q-6 How many zeroec can the graph of & polynomial of degree 3 have?
Explain.
Ans. At most 3, becavce it can cut the x-axis at three pointe at most. It has

at least 1 real zere.

Important Board-Pattern Questions (with Solutionc)
Q.7 [1 mark] IF the cum of the zeroec of x> — kx + 6 ic 5, find .
Ans. Sum = —(—k)/1 =k = 5.

Q-2 [1 mark] How many zerves does a quadratic polynomial whose graph does
not meet the x-axic have?

Ans. Mo real zersecs.

Q.3 [2 marke] Find the zerves of 6x% - 3 - 7x.
Ans. 6x% - ?x - 3 = (3x + 1)(2x~ 3). Zeroes: —1/3 and 3/2.

Q.9 [2 marke] IF one zero of x* = 5x + k ic 2, Find k.
Ans. 4- 10+ k=0, ¢cok = 6.

Q.5 [3 marke] IFX and B are zeroes of x% - 6x + 8, find the quadratic
polynomial whose zercec are 1/00 and 7/[3.
Ans. 0 + B = ), O(B = 8. Sum of new zercec = (O(+B)/O(B = 6/8’ = 3/‘/; ,broc/uct
= 1/8. Po/yuam/‘a/:xz— (3/%)x + 1/8, i.e. x*— 6x + 1.

Q.6 [3 marks] Find the zervec of x>+ 2x + 10 and verify the relationship.
Ans. (x + Z)(x + 5): zeroec =2 and 5. Sum -2 = -2/1; product 10 = 10/1.
Verified.
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gguz: p(x) = anxn + an-1x""' + .+ awx + ao XY FHT AT eiah, forgsd ard qoF
T & 3717 an # 0] JIH g TT » W#W(@W‘D g a1 | 33F (ax +
b), T 2 B (ax? + bx + ¢) 3R aT 3 Fard (ax® + bx? + ¢x + d) oo g
& JgUE & BT n TH B B

5gUE T H: aIedlda HEAT k, 9g9g p(x) &7 S & Al p(k) = 01 IFTET:
p(x) = x* = 3x + 2 & 110 p(I) = 0 3R p(2) = 0, 37 ) 31 2 FH &l
sTTRAT =7 I, p(x) & F o x-1991F & oTaT eI y = p(x), x-3E Bl
HIedT &l

3R TgUE T T § = ax + b PT 37erE O HE X 8| Ag x-318 B Fr
OF fag (—bla) R F1ed & 37 e 9gug @7 Bl v YoAF &rar &

RETa 98UT T ST ¢ = ax® + bx + ¢ T T Yot &l Al a > 0 qF Uaerd
FR # R Fordr & (U 3FHR); a < 0 ar A= &1 IR Forar & (n amFR) |
TRACT x-31%T 1 Y 195 gl Uz e Fahar & (31 7)), vF fig W el &7
ITHAT & (T S, IERAT 3T) AT folegpor 78! 13e1aT (IS aredfoes a1
&) |

e agug &7 amers: eI 9gUe x-3787 H) Sifdwae 3 fagsit W HE T &,
I §TF SifAFmaH 3 TF da & (I, 2 AT 3 aredfadh IF) | JHT: n TIT &
SEUg & B 1 e ET & T ITBT AT x-378T T FAFIH n gl T
HTET &l

SIFH) ST JUTiH! T Fser (Fara): AF o FR B, ax? + bx + ¢ & TH & ar
D! HT AT A + B = —bla 37K e FT IVaTher A = c/al JgTEIT: x> — Sx
+6 % TF 2 3 3 & AT S = —(=S)/| 3R qrETHeT 6 = 6/l
[T I 1GEIT SaTrar: [ o 377 B aTerT e 989¢ x> — (o + B)x + ap, F!
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.4 [2 3] 72 x> — Sx + k &T OF b 2 & Al k 719 HHep)
3A7- 49 - 10 + k=0, 37T k = 6]

U.S [3 3iw] ¢ o, B T x* — 6x + 8 & YA § dl T8 eI dgUg 7T HHAr
fereras ean 1o JR 1B &

IA- o + B =6, a = 8/ T Fenl T 7T = (0+B)/oB = 3/4; JurTHA = 1/3]
gguz: x> — (3/4)x + 1/8, 3pid 8x> — 6x + 1]

.6 [3 3iw] x> + 7x + 10 & TF T Hifap JR Taer #) ard Hiir
- (x + 2)(x + S): eFF —2 3R =S| AT =7 = =7/I; YoTeTher 10 = 10/l
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