SOUTH SYDNEY HIGH SCHOOL

MATHEMATICS

POLYNOMIALS WORKSHEET

For the following polynomials, find the
degree, the leading term, leading coeffi-
cient and constant term:

(a) Px)=3x*-Tx+2

(b) Plx)=4-2x°

() Plx)=3x"-2x"+4x

(d Plx)=7

Determine whether the following are
polynomials in x:

@ X-gr+2
X

5xt—x
x

3x
—+2
(c) 2

(b)

(d) 4x* +/x -2
(e) (x+4)*-2x+3

Complete the following:
(a) 4x*-222+3 |
3z4 5227

(b) 3x°-4z+1
5x2+2x-5

(c) 4x®+122% +3z+7
5x3 + x+3

(d) 4x°-21x+2
3%+ 2x2-1

() 5x®+22%—x-1 _
328 - x*-x+5

 4x*-2¢%+1 _
2 -5x2-7

(g) 4x° —x+2
3x° + 22 -1
t) 5x* - 2x? +1 _

3x3+ x2-5x+2

10.

11.

(@) P(x)-Qx)

S S

4.

Find the degree of P(x).Q(x) if:

(a) Plx)=3x*-4x+1 and
RQix)=4-x+22

() P(x)=5x'~2cr~1 and
Qx) = 3x — Ka? + 2°

Find the product of the following
polynomials:

(a) 2x*~4 and Bx2-x+2
(b) 622~4x and x*+x-1

Complete the following divisions,
leaving your answer in the form:
dividend = divisor x quotient +

remainder.
(a) x*-3x2+Tx~5)+(x-3)

b)) x*+2x22-5z2-1)+(x+2)

() GP+x%—x)+(x2+x)

(d) (x*-1)+(x2-3)
IfPx)=x*+2x"—x+1land Qx)=x -1
find

(a) Px) + Qx)

?

(b) Plx) - Qx)

B(z)
@ 3

Find the remainder after the following
divisions:

(@) P +4x?+x-1)+(x+2)

b)) FP-4x+2)+(x-1)

If2* + 3x% — 7x + k is divided by (x + 2) °
the remainder is 5. Find the value of . -
When 3x* — 2x° + 2k is divided by (x + 1),
the remainder is 3. Find the value of &.

If 22 — Tx + 9 is divided by (x - k&), the -
remainder is 3. Find the value of &.

If (x - 5) is a factor of x* + kx — 10, fin
the value of &.
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13.

14.
15.

16.

18.

19.

Show that (x — 1) is a factor of
%3 — 2x2 — 5z + 6, and hence solve the
equation 2° — 2x? - 5x + 6 = 0.

Factorise 2¢° — 5x? — 4x + 3.

Solve for x, the equation
2 +2x1-9x-18=0.

Ifx = -3 and x = 1 are roots of the
equation x* — 2x% - ax + b, find the
values of a and b, and hence find the
third root of the equation.

Sketch the graphs of the following
polynomials:

(@) y=x-4x-1kx+2)
b) y=xx-24-2)

() y=(3-—x)x+1P%4~-x)
@ y=x¥1-x?

(&) y=(1+x)p

Factorise the following and then sketch
their graphs, showing clearly the zeros
of each function: '

(@) y=x—-4x1+x+6
b)) y=x*-x*-x+1

) y=28-3x2+3x -1

d) y=-x*+12x + 16

Match the polynomial function to the
correct sketch:

(@) y=x(x-144-x)
M) y=x¥z-1)z+4)
(€) y =x{x-1)*4-x)
(d y=x(x+ D4 +x)

@ Yy

(i) 74

(iii)

@iv)

Y A
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WORKED SOLUTIONS

() Pl)=3x*-Tx+2
deg: 4,lead¢: 3x* leadc=3
const £ 2

(b) Plx)=4-2x*

deg: 5,leadt: —2x%, leadc=-2

const ¢: 4
(e) Plx)=3x"-2¢+ 4x
deg: 5,lead ¢: 3%, leadc=3
const ¢: O
d) Px)=T7
deg: 0,leadt: 7,leadc="7
. consti 7

(a) 5-—3x+2=4x“1—3x+2

x

~. not polynomial [power of — 1]

4
(b) 5x —x=5x3_1

x
.. polynomial.

(c) %+ 2=4z+2
-~ polynomial.

@ 4xt+Vx-2=4xt+xt-2
»» not polynomial [power of 3]

(6) (x+4)°-2x+3
=x’+8x+16-2x+3

=x%+6x+19
.. polynomial

(a) 4z*-2¢2+3
3zt 5227
Tet -7x% -4

(b) 3x2—4x+1+
5x®+2x-5
8x%-2x-4

(©) 42 +12x% +3z+ 7,

523+ 0x%*+ x+ 3
9x® + 1222 + 4x+ 10

@ 4x°-21x+2
3x°+ 2x-1
72°-19x+1

(&) 5x’+2x*-x2-1_

" 82— x*-2x-5
234322 +4

O 4x*-2x2+1_
2t -Bx2-7
3z* +3x% +8

®

(h)

(a)

(b)

(a)

(b)

4z%+0x% - x+2_
322 + 22 4021
23-2¢%— x+3

5xt +0x3-2x% +0x+1_
3x3+ x%-5x+2
5x* -3x%-3x% +5z-1
P(x)-Q(x)
=(3x2 —4x+ 1)(4—x+x2)

=... +3x*+ ..
. degreeis 4
[only need leading term]

P(z)-Q(x)
= (5x‘ -2 1)(3x—5x2 +x3)
=... +5x7+ ...

.. degree is 7.

(2x3 ~4X5x2 -x+2)

=102 - 22% +4x% - 20x% + 4x-8
(6:2 —4x)(x3 +x- 1)

=6x° +6x% — 2% - 4x* —4x% + 42

=6x° —4x* +62° - 1022 + 4x

22 +7

_al.8 _a.2
(a) =x 3):: 3x+7>g-§

23 — 342
0 +7x- 5
7x-21
16

L 2322 +7x-5

=(x—3)(x2+7)+ 16

-x%+4x-13
®) x+2)—x3+2x2-5§_1
—x° —9x?

4x? _5x
42% 1 8x
~-13x- 1
—-13x-26
25
R A ' i T |

=(x+2)~=" + 42-13)+ 25
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2 -x*+22-2
3 2
(c) x2+x),x5+0x“+§: +0g% -2

B+ xt
—xt+2°
et B
2% + 0z*
2x3 + 2%
-2x% - x
—2x% —2¢
X
soxt+xd-x

=(x2+x x3+x2+2x—-2)+x

@ (x4 - 1)-!-(x2 -—3)
x2+3
22 -3)x* +0x® +02% + 02 -1
z* — 322
3x% -1
3z -9

8
oxt —1=(;t:2 —?:)(a:2 +3)+8

7. plx)=x*+2x% —x+1
glx)==z-1

p(x)+q(x)
LS, prepuprony | +
z—1

(a)

x3 + 222
o p(x)+g(x)=x" + 227
®)  p(x)-q(x)
oot +2x%— x4l
x—-1
24222 -2x+2
. plx)—q(x)=x" +2x* 22 +2

() plx)-q(x)
=(x3+2x2—x+ 1)(x—1)
=xt -2 4228 - 227 42 .
T+x+x-—-1
=zt 2% -8x%3 + 221

@ 23
q(x)
x?+3x+2
x—l)x3+2x2-—x+l
3 2
x°- x
3% - x
3x% - 3x
2x+1
2¢-2
3

8. (@ LetP(x)=x*+4x%+x-1

Dividing by (x+2), .. find P(-2)

. P(-2)=(-2)° +4(-2)" +(-2)-1
=-8+16-2-1=5

.. remainder is 5.

(b) LetP(x)=x"-4x+2
Dividing by (x- 1), .. find P(1)
P()=1-4(1)+2
=1-4+2=-1
. remainder is — 1.
8. LetP(x)=x"+3x%-Tx+k
Dividing by (x+2), .. P(-2)=5
o P(-2)=(-2)° +3(-2)* - 7(-2)+ k=5
-8+12+14+k=5
18+k=5
k=5-18
k=-13
- value of & is —13.

10. Let P(x)=3x*-2x*-2k
Dividing by (z+1), . P(-1)=3
o P(-1)=3(-1*-2(-1)° +2k =3
3+2+2k=3
5+2k=3
2k=3-5
2k=-2
kE=-1
. value ofkis - 1.
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]

11, LetP(x)=x*-Tx+9
Dividing by (x- &), .. P(k)=3
P(k)=k2—7k+9=3,
thatis, k*-Tk+6=0

(k-6)k-1)=0
k=6orl
- kis6orl

12. LetP(x)=x"+kx—10
Dividing by (x-5), .. P(5)=0
. P(5)=5°+5k—-10=0
125+5k-10=0

5k+115=0
5k=-115

~. value of kis —23.

13. LetP(z)=x"-2x*-5z+6
If (x- 1) is a factor, then P(1)=0
- P(1)=1-2(3)" -5(1)+6
=1-2-5+6
=0
- asP(1)=0, then (x-1)is
a factor of P(x).

x2- 2-6
x-ly_3—2xz—5x+6
x* - x?
- x2-5x
- 2%+ x
-6x+6
—6x+6
0
£ -2¢% —-5x+6=0
(x—l)(xz—x—6)=0
(x-1)(x- 3)(x+2)=0
o x=1 3, -2
. the roots of the equation
arex=1 3and -2

Soas

Let P(x)=2x° - 5x* —4x+3
Now find a, where P(a)=0,
that is, try
P(1)=2(1)" -5()° -4(1)+3
=2-5-4+3
#0

14.

15.

16.

Try
P(-1)=2(-1)* - 5(-1)* - 4(-1)+ 3
=-2-5+4+3
=0
& P(-1)=0, .. (z+1)is a factor.
2x%—Tx+3
x+ 1)2x3 ~5x2—4x+3
223 + 2x2
— Tzt —4x.
“Tx - Tx
3x+3
3243
0

. 2x°-B2®-4x2+3
= (z+ 122" - 7x+3)
= (x+ 122 - 1)(x - 3).

Let P(x)=xz° +2x% -9z~ 18
Try P(1)=1°+2(1)*-9(1)- 18 0
P(-1)=(-1®+2(-1)* ~9(-1)- 180
P(2)=(2)° +2(2)* -9(2)-18
=8+8-18-18%0
P(-2)=(-2)° +2(-2)* - 9(-2)-18
=-8+8+18-18=0,
- asP(-2)=0, (x+2)is a factor,
z2-9
~ x+2)x®+2x*-9x-18
x° + 222
-9x-18
—9x—18 -
0
As 2% +2x%-9x-18=0
(x+2)(«*-9)=0
(x+2)(x-3)}x+3)=0
. x=-2, 3, -3.

Let P(x)=2"-22* ~ax +b
Asx=-3isaroot, -P(-3)=0
. P(-3)=(-3)*-2(-3)* -a(-3)+b

=0

~27-18+3a+b=0

—45+3a+b=0

- 3a+b=45.
Also, asx=1isaroot, P(1)=0.
P(1)=(0° -2(1)*-a(1)+b=0
1-2-a+b=0
-l-a+b=0

a-b=-1
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. 3a+b=45 o))
a-b=-1 A2)
(D+(2)
4a=44
a=11
Substitute a = 11 in (2)
11-b=-1
~b=-1-11
~b=-12
. b=12,
~oa=11 b=12
S P(x)=2" 20 11x 412,
Now asx=-3, x=1are roots,
- (+3), (x—1) are factors,
* (2+38)(x-1) is also a factor,
’, (xz +2x—3) is a factor,
x-4
x2+2x—3)x3—2x2—11x+12
21222 34
~4x% - 8x+12
—4x2- 8x+19
0

oozt -222 112412
=(x2+2x—3)(x—4)
=(x+3)x- 1)z - 4),

=~ as P(z)=0

(x+3)(x-1)x-4)=0,

o x==3, 1 4

~ the other root is x = 4.

17. @ y=@E-4xz-1Xx+2)

y
/A 1\//;
b) y =x2(x —2)%4 —x)

y

© y=0@-2)&+1)4-1)

N

N
N
"

d y =2¥1-x7?

2

(&) y=(1+xp Y 4

18. (a) y=x"-42%+x+6

Lety = P(x)

. P(x)=z%-42% +x +6.

Try P(1)=13—4(1)2+1+6
=1-4+1+6%0

P(-1)=(-1°-4(-1)*-1+6
=-1-4-1+6=0
.. as P(-1)=0, x+1isafactor,
22 -52+6
x+1) P_4x2%1+x+6

22+ 2

-5x% +x
=bx” - bz
6x+6
6x+6
0

P(Jc):x3 -4 +x+6
=(.7:~i-1)(x2 -5« +6)
=(x+1)fx-3)x-2)

y=(x+1{x-3)(x-2)

Substitutex=4iny,
thatis, y(4)=(4+1)(4-3}4-1)
= ()1(3)> 0

.. above the x-axis at x=4.

A

T /’
N Bt

zeros at -1, 1, 2
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b) y=xl-x*-x+l.
Let y = P(x)
s P(x)
Try P(1)

=~ as P(1)

PRy p vy
B-12-1+1

0

0, x-—1isa factor,

P |

nox—1]xd-x?
23 — 22

—-x+1

-x+1
—x+1
0
P(z)=x>-xt-x+1
=(x-1)x* - )
=(x~-L(x -1}z +1)
=(x-1*(x+1)
woy=(x-1*(x+1)
Substitutex =2 in y,
thatis, ¥(2)=(2-1%@2+1)

=(1°*(3)>0,
=~ abovex-axisatx =4,
thatis, y>0 when x =4,
(thatis, y> 0 for x> 1).

A . ' 1'/2";’

zeros at +1

(©) y=x3-3x24+32-1
Lety=P(x)
P(x)=2~32z% +3x-1.
Try P(1)=1°-3(1)"+3(1)-1
=1-3+3-1
=0
- asP(1)=0, (z-1)isafactor,
x*-2x+1
x—l)x3—3x2+3x—1
x3— x2
- 22% + 8x
-2x% 4+ 2x
x—-1
z=-1
0
- as P(x)=2"-3x% +3x-1
=(z-1(x* - 22+ 1)
= (2= (e - z-1)
=(Jc—-1)3
Ly=(z-1°

Substitute x =2 in ¥, 19. (a) (i)
thatis, »(2)=(2-1° ®) GD)
=13>0, .
.. abovex-axisatx =2, (c) (iv)
- y>0 whenx>1. d) @
Y i

.

e

/ zero of 1

y=-x°+12x+16
Lety= P(x)
s P(zx)=-x"+12z+16.
Try P(1)=-1*+12(1)+16
#0
P(-1)= —(—1)3 +12(-1)+16
0

P(2)=-2%+12(2)+16
=-8+24+16
#0
P(-2)=—(-2)° +12(-2)+16
=8-24+16
=0, o
- asP(-2)=0, (x+2)is afactor,
—x%+2x+8
s x+2l-x° +0x% + 122+ 16
_13_2x2
22% +12x
2x% + 4x
8x+ 16
8x+ 16
0

- as P(z)=-2"+122+16
=(x+ :Z)(—:c2 +2x+ 8)
=—(x +:2)(x2 -2x- 8)
y=—(x+2)z+2fx-4)
e+ 2 (- 4)
- zerosat -2, 4
Substitutex=0iny,

thatis, ¥(0)=—(2)*(-4)
=-4(-4)>0,
. below axis when z=0.

Y




