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Roots of polynomials 4C
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2x* +4x3 =3x* —x+2=0
Here a=2,b=4,c=-3d=-1and e=2
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82 5225% = (afys )’ = (g) —4 =16

7x* +6x° —5x* +4x+3=0
Here a=7,b=6,c=-5,d =4 and e=3.

__b__6
a+p+y+0= a ;

aﬁ+a7+a5+,8;/+,85+75:§:—%

aﬂ7+aﬂ5+a75+ﬂy5:—%:—%

1 1 1+1 afy +afo +ayo + fyd
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5 ax*+bx*+cx*+dx+e=0 6 ax’+bx’+cx’+dx+e=0
The roots are a:—%,ﬂ:—%,;/:—Z and The roots are a——lﬂ 37 = 1+i and
5=Z o=1-I.
3 a+pf+y+96
- 3.1 ,,2__10__b .
APy o= 57243773 a =~ S+ 5+ (Lri)+ (1)
af+ay+ad+ Ly + PO+ yo 11 b
(3 (—L) 4 (=3)(—2)4(-3)(2 "6 a
_( 2)( 2)+( 2)( 2)+( 2)(3) aff+aly +ad+ Py + PO+ y5
1\ (=) (-L)(2)+(—2)(2 S Y A O WY B R Y
ADE(B)E2E) (33 () (-Fe-i
_3,3.141-1 4 1 N P . .
g t3-1tl-3-3 +(§ (1+i)+ (1) + (1+) (1)
25_¢
=== ~-1.1 1;1.1;.1
12 a ~76 2 2 2+2'+3
afy +offd +ayd + pfyd 1,1 1i.4
(33220 S0
2 2 2 2 3 :_l_l_l+l+l+1+1:§:£
A-3)2(3) 30213 rapsra
2 3 2 3 afy +afio +ays + By
~_3,1 2 (LN L)1+ (=L} L)(1=i
~-3+3+2+ (3)(E)een {35
_5__d 1 . N . .
37" a +(—§)(1+|)(1—|)+(§)(1+|)(1—|)
_(=3}(_1)(2)(2)=_1-¢ 1_1;.1.1; 1 1
apro ( 2)( 2)( 2)(3) 1= =—s-51-551-5(2)+3(2)
If ax*+bx®+cx® +dx+e=0, then 1 q4.2__2__d
xtybye Cye dy e, 3 3 a

b__10_b_10
a

_ |
3 "a 3 (

~—— S————

c_25 =(-5)(2
a 12 _1_e
_g=§:g=_§ N 3_a
a 3 a 3 If ax* +bx®+cx® +dx+e=0,
=1 b d
a the x* +2 x3+ax +ax+ =0
So x* +130x3+%gx2 gx—lzo. b_11_b_ 1
Multiply by 12 for integer coefficients a 3 6 a 6
12x* +40%° +25x% —20x—12 =0 % =5
So a=12,b=40,c=25,d =—-20 and
d__2_,d_2
e=-12. a 3 "a 3
e__1
a 3
Sox‘ -1y 32,2, 1_g

6 2 37 3
Multiply by 6 for integer coefficients

6x* —11 +9x* +4x—2=0
So a=6,b=-11c=9,d=4 and e=-2.
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7 ax*+bx®+cx? +dx+e=0
LA T T a1

__53_ .. d__53_.d_53
2Py =—5 == 5=>a%

__1_.e__1
afyo = 6:>a 5
If ax* +bx®+cx® +dx+e=0,
bys,Cxz dyie=0
a a

s 17,5 25,2 .53, 1_
So X 12x 72x +72x 5 0

Multiply by 72 for integer coefficients:
72x* —102x° — 25x* +53x 12 =0.

So a=72,b=-102,c =-25,d =53 and
e=-12.

then x* +

8 x*-16x%+86x*—-176x+105=0

a=1b=-16,c=86,d =—176 and e =105.
Therootsare a=a,f=a+K,y =a+2k
and 0 =a +3k.

a+p+y+0

=a+(a+k)+(a+2k)+(a+3k)

=4 + 6k

But a+ﬂ+y+5=—%:16

S0 4a+6k =16 = 2a + 3k =8.

af+ay+ad+ Py+ PO+ y0

=a(a+k)+a(a+2k)+a(a+3k)
+(a+k)(a+2K)+(a+k)(a+3k)
+(ar+2k) (e +3k)

=a’ +ka+a®+2ka+a® +3ka+a’
+3ka + 2k? + & + 4ka
+3k? + o + 5k + 6k?

=60’ +18kar +11k?

But aﬂ+ay+a5+ﬂy+ﬂ5+y5=§=86
So 6 +18kar +11k* =86

_ _8 _3y_4_3
If2a+3k—8:>a—2 2k 4 2k.

Substitute o = 4—% k into

6a” +18kar +11k* =86.

6( —%k)2+18k(4—%k)+11k2=86
6(16—12k+%k2)+72k _27K? +11K? =86
96— 72k +2—27k2 +72k —27k? +11k* =86

_SK2=_
Sk?=-10

k?=4
k=+2

If k=2, then a=4—%k:>a:1.
So the roots are 1,1+2,1+2(2) and
1+ 3(2)

Hence the roots are 1,3,5 and 7.

Note if k =-2, then =7, which would
yield the same roots.
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9 3072x* —2880x° +840x% —90x+3=0 9 Check by substituting into
Here a=3072,b=-2880,c =840,d =—-90 a(1+r+r2 Hs)zﬁ
_ 16
and e=3.
Theroots are a =a, f=ra,y =r’a and ) 3
R Har+ () +(4))
a+pB+y+S=a+ra+r’a+ria =1(1+1i+1+%)
=a(l+r+ri+r’) —i(14d42el)
__b_2880_15 _1(15)_15
Buta+ﬂ+7+5— a_ 3072 16 2(3) 16
15
S0 ar(l+r+r7+r°)= e Soa=%andr=%
aff+ay+ad+ Py+ Lo+ yo
=a(ra)+a(r’a)+a(r'a)+ Substituting these values in the root
' ' —111and L
(ra)(rza)+(ra)(r3a)+(r2a)(r3a) expressions then gives x=3,7,gand 4.

=P (r+r2+r°+rf+r'+r%)
10a 40x°+90x°> —115x* +mx+n=0

_ 2 2, .3, .4
—0”(1+r+2lr +r ”) So a=40,b=90,c=-115d =m and

But af+ay+ad+ By+LO+y0 = e=n.
c_ 840 _ 35 _18=-3,=1
- =3077 " 128 Therootsare =1, =-3,y > and
So azr(l+r+2r2+r3+r4)=£ 0=0
128 a+ B+ +8=1-3+14+5=-345
afy +offS +ayS + ByS Y 2 2
_ 2 3 __b__9__9
(ra)(r a)+a (ra) (r a)+ But o+ f+y+5= 2= 20" "4
a(ra)(a) (1)) o 3r5--2
_ra+ra+ra+ra3 9 6
s=-248
U (L+r+rt4rd) 474
But 4 —%
affy +offé +oyd + Byo = —% 38(7)2 51]?2
15 b afy +affd+ays + pyo

So a3r3(1+r+r2+r3)=m :(1)(—3)(%)+(1)(—3)(_%)

afys = a(ra)(rza)(ﬁa) — a*r®

1\(_3 1)(_3
A -3
But a8 = = 3572 = 1004 2\ 4 2)\ 4
4.6 1 _§+g_2+9
~_12 .18 3.9
Taking square root of both sides = 8+8 8+8
1 12_3
32 25 q m
1, 1 _ But afy +afo +ayo+ pyd =——==—-"=
So a—E dr:E are possible roots. 3 a 40
So 4—O=§:>m=—60.

-0
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10b

11a

12 a

n
But afyo = a =10

n_9
So 20 8:>n 45

2x* —34x3 +202x* +dx+e=0

So a=2,b=-34,c=202,d =d and e=e.

Therootsare a=a,f=a+1,y=2a+1
and 6 =3a+1.

a+p+y+o
=a+(a+1)+(2a+1)+(3a+1)
=7a+3

But a+ﬁ+7+5:—%:3—24:17
So 7a+3=17

Ta =14

a=2

So the rootsare «=2,3=3,y =5 and
o=T.
afy +ofpo +ayo + Pro

=(2)(3)(5)+(2)(3)(7)
+H2)(5)(7)+(3)(5)(7)

=30+42+70+105=247.

But afy +afo+ayd+ Byo = —% = —%

So —%=247:>d — 494

afys =(2)(3)(5)(7) =210

_e_¢
But afyo = A=

So%=210:>e:420.

4x* —19x° + px* +qx+10=0

So a=4,b=-19,c=p,d =q and e=10.
If » =3+i isaroot then the complex
conjugate is also a root. So 6 =3—i

The roots are «, 8,7 =3+i and 6 =3—i
a+p+y+o

=a+f+(3+i)+(3-i)

=a+ [+6.

__b_19
But a+p+y+0= 2= a
So, a+ﬁ+6=§
doa+4p+24=19
4da+4+5=0

If 4¢3—-1=0, then 4B =1

and oz=i
4

Substitute o =$ into 4a+44+5=0

1
4(EJ+4ﬁ+5_0

l+4,6’+5=O
B

Multiply by g
1+45°+58=0
So 487 +58+1=0
(4+1)(B+1)=
Igz_l or ﬂ:_

If,B———a— -1

( )

Qg=—21 __1
If p=-La= 4(_1)— 1

So the roots are —%,—1,3+i and 3—i

af+ay+ad+ Py + P+ yd
R R
(— )(3+1)+(=1)(3~1)+(3+i)(3~i)

J>\|—\

But af+ay+ad+ Py +Lo+yo =

INE o}

c
a
So, P_ :>p 11

4 4
afy +afpo +ayd + fyo

=(-3)DE+) () e
+{-)E+i)(E-1)+(-1)(E+i)(E-)
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12 b =%+%+(_%)(1o)+(_1)(10)=_11 13a (a+b)’ =a’+3a’h+3ab? +b°
4 q (1-3i)° =1+3(-3i) +3(-3i)" +(-3i)’
But afiy +afo+ay+pro=-o=-4 —1-9i+27i2 - 27i°
q_ B =1-9i-27+27i
g~ H=a=44 — 26+18i
(1-3i)° =1-3i—3i +9i?
¢ . —_8-6i
A
S Substituting
3 a5 :
! _ o (28+96i) 2 (~26+18i)
0 Re 3 . .
e +Z(—8—6I)+3—9I—40
: 21 ., 65 45 9. .
3- =<l 949 _§-2j4+3-0i—
i 2+36|+2 2| 6 2|+3 91-40
13a 6x* —10%° +3x% + 6X——40=0 =(271+6—25—6+3—40)+(36—%—%—9)i
So, a=6,b=-10,c=3,d =6 and -0
e =-40.
Substitute x:l_—;" into the equation b If le_—3'isaroot, then x=1+—23'is also

() 552 e 2)

2 . 2 2
+3[—1_3'j +6(—1_3'j—40= 0
2 2

5 . 10 . 3 , —x2—x(l_?’iJ—x(1+3i)+(1+3ij(1_3ij
+3(1-38)-40=0 =x?-Lx-3xi-Lyi3xi+dl-_3i13;_9j
3(1_ 2\t 51 . 301 2\ .20 2N TN TNy, Ty Ty
3(1-3i)" = 2(1-3i)° +3(1-3i)’ +3-9i—40=0
8 4 4 =X2—X+§
Expand (1—3i)4 using (a+b)4 with a=1 _ 2
dbe-3i Multiply by 4:
- _4_ I4 3 2h2 3, e =2x"~2x+5
(a+b) =a’+4a®+6a’h” +4ab’ +b Find the other factors using division:
(1-3i)" =1+4(-3i)+6(-3i)’ 3x* —2x -8

2x? —2x+5> 6x* —10x% +3x% +6x — 40
6x* —6x° +15x°
—4x% 12X +6X
—4x% + 4x*-10x

+4(=3i)’ +(-3i)"
(1-3i)" =1-12i +54i* ~108i° +81i*
Use i=i,i’=-1i’=—i and i*=1to

simplify

(1-3i)° =1-12i ~54-+108i +81 ~16x" +16x 40
— 28+ 96i —-16x° +16x—40

Expand (1—3i)3 using (a+b)3 with a=1 0

and b=3i
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13b continued
So

6x* —10x° +3x%> +6x—40

= (2x2 —2x+5)(3x2 —2x—8) =0
Let (3x2 —2x—8)=o
(3x+4)(x—2) =0

__4 _
X= 3orx 2

So the other roots are x:—%, Xx=2 and
1+3i
X=—.
2

Ima

w:.h.n
=
(=X ]
%: ¥
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