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Fundamental Theorem

1. Every polynomial equation f(x) = 0 has at least one root

real or complex.

2. Every polynomial equation f(x) = 0 of n" degree has n roots

and only n roots.
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Let a1, a2, a3, ..., a,, be its roots.
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Relation between the roots and coefficient of equ:

Let a1, a2, a3, ..., a,, be its roots.
Then, we have

S1=>a1=-—p

S2 =X ax = p

S$3=>Yaara3 = —p3

Sn = 1023 ... p = (—1)npn
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Problem 1.

If a and 3 are the roots of 2x? + 3x + 5 = 0, then

find o + 35, ap.
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Problem 2.
If o and f3 are the roots of x? 4+ 5x + 6 = 0, then
find a + 3, af5.
Solution.
Given x? +5x + 6 = 0.
Here py = 5and pp = 6
We know that « + 3 = —p; = —5 and
aff = pp =6

(0 = =3 and g = —2)
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If a, 3 and ~ are the roots of ax® + bx? + cx + d = 0, then

find o+ 5+, af+ By +ya, afy.
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Problem 3.

If a, 3 and ~ are the roots of ax® + bx? + cx + d = 0, then
find o + B+, aB+ By +vya, afy.

Solution.

Given ax® + bx® + cx +d = 0.

x>+ bx2 + —x + ﬂ =0

We know that «a+ S+~ = —p1 = —b/a

af+pBy+ya =p =c/a

afy = —ps = —d/a

Dr S Srinivasan (PAC)

Unit-Il Theory of Equation Lect-1 9 /22



2.2 Imaginary roots and irrational roots

1. In an equation with rational coefficients, imaginary roots
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Problems.

Problem 1. Form the equation, one of whose root is v/3 + v/5
Solution.
Given /3 + /5 is one of whose root of the required equation.
The other root of the same equation are

—V3++v5, V3-+v5,and —V3 - /5
Therefore, the required equation is

b= (V34 VB)llx — (V3= VB)l[x = (—v3+ VB)llx — (—v3 - V)] = 0
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Problem 2. Solve x* — 12x — 5 = 0 given —1 + 2/ is a root.
Solution.

Since —1 4 2i is a root, —1 — 2j will also be a root of the equation.
The factor corresponding to the two roots is
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Problem 2. Solve x* — 12x — 5 = 0 given —1 + 2/ is a root.
Solution.

Since —1 4 2/ is a root, —1 — 2/ will also be a root of the equation.
The factor corresponding to the two roots is
(x+1-2/)(x+1+2i)=0

(x+1)2—-(2i)2 =0

xX>4+2x+1+4=0

x24+2x+5=0
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Now divide x* —12x —5=0by x> +2x+5 = 0

Dr S Srinivasan (P Unit-1l Theory of Equation Lect-1 14 / 22



Now divide x* —12x —5=0by x> +2x+5 = 0

x2 —2x—1

x2+2x+5) x* —12x -5
—x* —2x3 —5x?
—2x3 —5x? —12x
2x3 + 4x? + 10x
—x? —2x—5
x2 4+2x+5
0

Dr S Srinivasan (PAC) Unit-1l Theory of Equation Lect-1 14 / 22



.. The other roots are given by

Unit-Il Theory of Equation Lect-1 15 / 22
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*. The other roots are given by

x2—2x—1=0 (ax? + bx + c =0)

X

2+ A+4 (X _ —b+ \/b2—4ac>
== -

2a
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.. The other roots are given by

x2—2x—1=0 (ax? + bx + c =0)

2+ Vht4 (X _ —b= m)
B 2 B 2a

24 242
="
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.. The other roots are given by

x2—2x—1=0 (ax? + bx + c =0)

2+ Vht4 (X _ —b= m)
B 2 B 2a
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x =1++V2
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*. The other roots are given by

x2—2x—1=0 (ax? + bx + c =0)

2+ Vht4 (X _ —b= m)
B 2 B 2a

24 242
2

x =1++V2

*. The roots are —1 4 2i, 14 /2.
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Problem 3. Solve the equation x* — 4x? 4 8x + 35 = 0 given that

2+ i\/§ is a root.
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Solution.
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Problem 3. Solve the equation x* — 4x? + 8x + 35 = 0 given that
2+ iv/3 is a root.

Solution.

Since 2 + iv/3 is a root,
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Problem 3. Solve the equation x* — 4x? + 8x + 35 = 0 given that
2+ i\/3 is a root.

Solution.

Since 2 + iv/3 is a root, 2 — iv/3 will also be a root of the equation.

The factor corresponding to the two roots is

(x—2—iV3) (x—2+iV/3) =0

(x—2)> = (iV3)* = 0

x> —4x+4+3 =0
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Problem 3. Solve the equation x* — 4x? + 8x + 35 = 0 given that
2+ i\/3 is a root.

Solution.

Since 2 + iv/3 is a root, 2 — iv/3 will also be a root of the equation.

The factor corresponding to the two roots is

(x—2—iV3) (x—2+iV/3) =0

(x—2)> = (iV3)* = 0

x> —4x+4+3 =0

x2—4x+7 =0
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Problem 3. Solve the equation x* — 4x? + 8x + 35 = 0 given that
2+ i\/3 is a root.

Solution.

Since 2 + iv/3 is a root, 2 — iv/3 will also be a root of the equation.

The factor corresponding to the two roots is

(x—2—iV3) (x—2+iV/3) =0

(x—2)> = (iV3)* = 0

x> —4x+4+3 =0

x2—4x+7 =0
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Now divide x* —4x?4+8x+35=0by x> —4x+7 =0
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Now divide x* —4x?4+8x+35=0by x> —4x+7 =0

x2 +4x +5

x2—4x—|—7) x4 —4x2 +8x+35
—x* +4x3 —7x2
4x3 — 11x% +8x
— 4x3 +16x% — 28x
5x% —20x + 35
—5x2 4+ 20x — 35

0
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.. The other roots are given by

S Srini 2 Unit-Il Theory of Equation Lect-1 18 / 22



.. The other roots are given by

x> +4x+5=0 (ax? + bx + ¢ = 0)
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*. The other roots are given by

x> +4x+5=0 (ax? + bx + ¢ = 0)

—4+ /16 — 20 (X —b+ Vb2 —4ac>
X = g

2a

2
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.. The other roots are given by

x> +4x+5=0 (ax? + bx + ¢ = 0)

—4+ /16 — 20 (X —bi\/m>
X = =

2 2a

-4+ 2i
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.. The other roots are given by

x> +4x+5=0 (ax? + bx + ¢ = 0)

—4+ /16 — 20 (X —bi\/m>
X = =

2 2a
-4+ 2j
X = ———
2
X =-2x1i
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*. The other roots are given by

x> +4x+5=0 (ax? + bx + ¢ = 0)

L —4EVI6—20 (X _ —b* \/b2—4ac>

2 2a
-4+ 2j
X = ———
2
X =-2x1i

*. The roots are 2 & i\/3, =2 =+ i.
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Problem 4. Solve the equation x* — 11x? + 2x + 12 = 0 given that

\/5— 1 is a root.
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Problem 4. Solve the equation x* — 11x? + 2x + 12 = 0 given that

\/5— 1 is a root.

Solution.
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Problem 4. Solve the equation x* — 11x? + 2x + 12 = 0 given that
V5 — 1 is a root.

Solution.

Since v/5 — 1 is a root, —v/5 — 1 will also be a root of the equation.

The factor corresponding to the two roots is
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Problem 4. Solve the equation x* — 11x? + 2x + 12 = 0 given that
V5 — 1 is a root.
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Since v/5 — 1 is a root, —v/5 — 1 will also be a root of the equation.

The factor corresponding to the two roots is

(x+1—-+5) (x+1+5) =0

(x+1)2—-(V5)? =0
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Problem 4. Solve the equation x* — 11x? + 2x + 12 = 0 given that
V5 — 1 is a root.
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Since v/5 — 1 is a root, —v/5 — 1 will also be a root of the equation.

The factor corresponding to the two roots is

(x+1—-+5) (x+1+5) =0
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Problem 4. Solve the equation x* — 11x? + 2x + 12 = 0 given that
V5 — 1 is a root.

Solution.

Since v/5 — 1 is a root, —v/5 — 1 will also be a root of the equation.

The factor corresponding to the two roots is

(x+1—-+5) (x+1+5) =0

(x+ 17 = (VB)? = 0

x24+2x+1-5=0

X2 4+2x—4 =0
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Now divide x* — 11x?> 4 2x +12=0by x> +2x —4 = 0
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Now divide x* — 11x?> 4 2x +12=0by x> +2x —4 = 0

x2—-2x —3
x2+2x—4) x* —11x2 +2x + 12
—x*—2x3 +4x2
—2x3 —7x?+2x
2x3 +4x?% —8x

—3x2 —6x + 12
3x2 + 6x — 12
0
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.. The other roots are given by
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.. The other roots are given by

x*=2x-3=0 (x2 = (a+ B)x +aB =0)
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*. The other roots are given by

x> —-2x—-3=0 (x> = (a+ B)x +aB =0)

(x—=3)(x+1) =0 (af=c; a+p = —b)
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*. The other roots are given by

x> =2x—-3=0 (x> = (a+ B)x +aB =0)
(x=3)(x+1) = 0 (af=c a+p = —b)
x =-1,3 (a=-1;, 3=23)
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*. The other roots are given by

x2—2x—-3=0 (x> = (a+ B)x +aB =0)
(x—=3)(x+1) =0 (af=c; a+p = —b)
x =-1,3 (a=-1;, 3=23)

*. The roots are +v/5 -1, —1, 3.
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N
Problems.

5. Solve the equation x* — 5x3 + 4x? + 8x — 8 = 0 given that
1—+/5is a root.

6. Solve the equation x* + 2x3 — 5x2 + 6x + 2 = 0 given that
1+ +/—1is a root.

7. Solve the equation x* 4+ 2x? — 16x 4 77 = 0 given that
—2 4+ /=T is a root.

8. Solve the equation 3x° — 4x* — 42x3 +52x%2 +27x —36 =0

given that v/2 4+ /5 is a root.
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