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QUADRATIC AND CUBIC EQUATIONS

Quadratic Equations

...........................................

Any equation of the form ax®+bx +c¢ =0, a+0, is called a quadratic equation.
To solve a quadratic equation we either:

1. Factorise and let each factor = 0; or

2. Use the formula x = M.
2a
e [ T TR
fe @) Solve6x?—11x—10=0.
(ii) Solve x?+4x — 1 =0, giving your solutions in surd form.
ine Solution:
(i) 6x2-11x-10=0
(3x+2)2x-5)=0 (factorise the left-hand side)
3x+2=0 or 2x-5=0 (let each factor = 0)
3x=-2 or 2x=5
x=-% or x=3 (solve each simple equation)
(i) x*+4x-1=0 (answers in surd form .. use formula)
-b + \b*-4dac
sk 2a x4y —1=0
_4im a=1.b=4,c=-1
z 2(1)
4 +16+4
B 20
=V4 x5
L a;wlz—o i
4+ 25 =25
X= —i—
o
o ox==2+\5 or x= gedls,




In some questions we can use the roots of one quadratic equation to help us to solve another quadrat
equation by using a substitution.

Example _
24
Solve the equation x — 11 + P 0.
Hence, solve  (¥?-2y)-11+ hri 0
: ' =2y
Solution:
24
x-11+—=0
o
¥2-11x+24=0 (multiply each part by x)
(x-3)(x~-8)=0 (factorise the left-hand side)
¥-=3=0 or x-8=0 (Iet each factor = 0)
X=3 or x=8 (solve each simple equation)
let (y2-2y)=x (this 1s the substitution)
y*-2y=3 or ¥2-2y=8
y2-2y-3=0 y:-2y-8=0
(+D(y-3)=0 +2(r-4=0
y+1=0 or y-3=0 y+2=0 or y-4=0
y=-1 or y=3 y==-2 or y=4
y=-2,-1,34
| Exercise 2.1 ~w
Solve each of the following equations:
1. 2x?+5x-12=0 2. x*-3x=0 3 x2-4=0
4. 3x%+14x+8=0 5 % 4ldg~3=D < 6. x2-6x+9=0
7. 2x%=3x -8 6x2-x=2 "9, 9x2-12x+4=0
-10. 8x2=9-6x 11. 15x%+x-6=0 ‘12, 4x%2-25=0
Solve each of the following equations, giving your solutions in surd form:
» 13 A2 +6x44=0 14, x*—4x+1=0 s A8 %*—8r413=D
16, x*-2x-2=0 ¢ 17, ¥*—4x-14=0 ~18. x*4 10x<23=0
Write each of the following equations in the form ax2 + bx + ¢ = 0, and hence, solve each equation:
5 6 2 1
- 19. 1-—+5=0 =20, 3+ =— 21. lzi—l
X X x-2 x 2 x-1 x
11 1 5 1 3 2 1 1
. ——— = 23. — = R
42 2 x x+3 2 2 x~1+x+2 = 9




1
. Solve ————
25 Sove4 -

1
=— giving your answers in the form a + .

2 2
26. Solve x* —x — 20 = 0. Hence, solve (Zk + z) - (Zk + %) -20=0.

wi 7
27. Solve 3x2+ 16x — 12 =0. Hence, solve 3( - —) + 16(y ——)— 12=0.
¥ y

4\2 4
28. Solve x? — 2x — 24 = 0. Hence, solve (x + —) = 2(x + —) -24=0.
x x

1\? 1
29. Solve x? - 6x + 8 = 0. Hence, solve (x + —) = 6(x + ;) +8=0.
X

30. Solve: (i) x*—13x*+36=0 (i) x*- 17x*+16=0.

Modulus and Irrational EqQuations

Modulus Equations

The modulus of x, written | x |, is defined as its positive or absolute value.
For example, | 5|=5and | -2|=2.

A modulus equation is one where the variable is contained within a modulus.
For example, | x — 1|=4, is a modulus equation.

Note: If |x|=3,thenx=3 orx=-3.

Modulus equations are solved with the following steps:

1. Arrange to have the modulus part by itself on one side of the equation.
2. Square both sides (this removes the modulus bars).
3. Solve the resultant equation.

Note: If there are two modulus parts, arrange to have one modulus part on each side.
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| Solve  2|x-2|-|x+3]=0
- Solution:
2x-2|-|x+3]=0
2|x-2]=|x+3| (one modulus on each side)
@2lx=2pr=(x+3)? (square both sides)
A2 -Ax+4)=x>+6x+9 ((ab)* = a*b?)
4x2—16x +16=x>+6x+9 (remove brackets)
3x2-22x+7=0
Bx-Dx-7)=0
3x-1=0 or x-7=0
e 3x=1 or x=7
[ x=} or x=17




Irrational Equations

An irrational equation is one where the variable is contained under a square root.
For example, Vx+ 2 =x — 4 is an irrational equation.

Irrational equations are solved with the following steps:

1. Arrange to have the surd (root) part on its own on one side.
2. Square both sides.

3. Solve the resultant equation.

4. Test every solution in the original equation.

Note: Sometimes after squaring both sides there will still be a surd part left in the equation. In {
case, arrange to have this surd part on its own on one side and then square both sides again.

Forte R T

Solve x = V19 - 2x + 2

Solution:

x=V19-2x+2
(x-2)=(V19-2x)
(x-2)%= (V19 - 2x)2
x2—4x+4=19-2x
x2-2x-15=0
(x+3)x—-5)=0
x+3=0 or x-5=0
x==3 or x=5

(rearrange with surd part on its own)
(square both sides)

(remove brackets)

(write in the form ax? + bx + ¢ = 0)
(factorise left-hand side)

(let each factor = 0)

(solve each simple equation)

Checkx=-3: —3=A10-2(-3)+2=\2542=542-7  False
Check x = 5: 5=V19-2(5)+2=V9+2=3+2=5 True
x =15 is the only solution.

Note: Squaring both sides introduced a new root, called an extraneous root, x = -3.
This does not satisfy the original equation and hence is rejected.

Note: The square root of a number is defined as the ‘positive square root’,
For example, V16 = 4, not +4.

| Exercise 2.2 w

Solve each of the following equations:

1. |[x-1]|=4 2. |x-2]|=3 3 |x+3]|=5
4, |2x-1|=3 5 |3x-1]-4=0 6. 2|x-1|=3
7. |x+1]=]|x-2| 8. |2x+1|=]x-1] 9. |2x-1|-x=
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10. [4-3x|-|2x-1|=0 11. |3x-1]-]1-2x|=0 12. 2|x-1|=[x+1]

13. 2|x+1|-|x+3]=0 14. 3|x+1|=]2x-1]| 15. |2-x|=1| x|
x-2 3x+1 2x+1 1
. =1 17. = H = —
5 3 x—l‘ 2 18 1 =53 |72
19. x=\5x-4 20. x=Vx+6 21. x+6=5Vx
22, x-2=V2x-1 23, 2x-1=V8x+1 24, 2x-T=\x*-3x-1
25. x=V3x-5+1 26. x-Vx+3=3 27. x+1=3x-1
Questions 28—33 require squaring twice:
28. Vx+1=Vx+9 20. 1+Vx=V3(x-1) 30. 2Vx = Vax—11+1
31, Bx+1="5x+1 32, Vx+2=V2x+7 33, V3x-2=24Vx-2
{1~3x| 5|x-1}
34. Solve (i) -8 (i) =10
Y+ 1 Vx2+1

...........................................................................................................

The method of substitution is used to solve between a linear equation and a quadratic equation.

The method involves three steps:

1. From the linear equation express one variable in terms of the other.
2. Substitute this into the quadratic equation and solve.
3. Substitute separately the value(s) obtained in step 2 into the linear equation in step 1 to find the

corresponding value(s) of the other variable.

T A S M

Solve the simultaneous equations 2x — 3y — 1 =0 and x? + xy - 4y* = 2.
- Solution:
1. 2x-3y-1=0 (get x, or y, on its own from the linear equation)
2x=3y+1
3y+1
x=(y2+) {x on its own)
2. xlexy—4y*=2
3y+1\2 [3y+1 C{3y+1
—4y?=
( 5 )+( 5 )y y =2 (putm( 5 )forx
2 6 1 v
Oy +4y+ )+(3y2+y)_4y2=2




Oy*+6y+ 1) +2(3y%+y) - 16y =8 (multiply each part by 4)
9y*+6y+1+6y2+2y—-16y2=8
——y2+8y—7=0
y2-8y+7=0
(y=-1)y-7=0
y-1=0 or y-7=0
y=1 or y=17

3. Substitute separately y = 1 and y = 7 into the linear equation.
3y+1 3(1)+1_4_2

=1: = =
i e i)
3y+1 3(M+1 22
? S PEy
Thus, the solutionsare x =2, y=1 or x = 11, =7
| Exercise 2.3 v
Solve the following pairs of simultaneous equations:
1. x+2y=5 2. x-y=1 3. 3x-y-5=0
x2+y?=10 xy=42 xy-x=0
4. x+y-6=0 5. x-y-3=0 6. x+y=8
x2+2y2-24=0 x2-3y2=13 x2+xy+y?=52
7. 2x+y=3 8. 3x+y-5=0 9. x+y=3
+xy+y?=3 2%+ 2xy+y2=10 2x? +3xy +2y2=16
3 7 2 2 10
10, = i 11, 1=--2 12, Sl a—s
y ¥ £ X ¥ ¥
x—xy+y?=7 x*+2xy-8=0 x2—y?=40
13. 2x-3y-1=0 14. 5x-2y+2=0 15. 2x+3y+4=0

x2—2xy-3y243=0 ¥ +4y% +x+2y-58=0 (x+3))(2x-y)=4

Sum and Product of the Roots of a Quadratic Equation

-------------------------------------------------------------------------------------------------------------

: . b ¢
The quadratic equation ax® + bx + ¢ = 0 can be written x2 + —hE—= 0.

The roots of this equation are usually denoted by a and 8.
Now we can write down a quadratic equation with roots a and 3.
x=a  and x=p
x-—a=0 and x-8=0
(x-a)x-p)=0
¥ —ax-Bx+af=0
—(a+Bx+af=0

b
Thus, xz—(a+ﬁ)x+aﬁ=x2+ax+§




Equating the coefficients of x and the constant terms:

b
a+f=-— and aﬁ=£
a a

The quadratic equation can be written:

x2 — (sum of the roots) x + (product of the roots) = 0

x2-(a+fx+af=0
or

This can be used to obtain a new quadratic equation whose roots are known or are given as functions

of a and .

@) a+p (i) of
@ la-8]

ity (e |
(Vl) Ei"i"——z

B

Find a quadratic equation with roots

where p, g, 7 € Z.

Solution:
2x2-6x+1=0
x2-3x+1=0

@ a+p=3
What we do next is write each of the
parts of the question.
(iii) a+B=3
(a+p)?=(3)°
a?+208+p%=9
a’+p%=9-2ap
a2 +f2=9-2(})
a?+p%=9-1=8
"  (a-p)P=a’-2ap+p>
(a-p)2=(a?+pY)-2ap
(a-B)?=8-2(3)
(a-B)*=8-1
(@-pR2=T
(a-p=£\7
la-pl=V7

Foniie ~_ [ T O AR,

2
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If o and 8 are the roots of the equation 2x* — 6x + 1 =0, find the value of:

(iii) a?+p° (iv) a?8+ap?
(vii) a3+ 53
g

B

(make coefficient of x2 equal to 1)

(i) af=}

other expressions in terms of (a + ) and af or use previous

iv) a’g+ap’
= afla’+ B
=8)
=4

(factorise)

(vi)

and b and write your answer in the form pxl+qr+r=0
a




vi) o’+p8°
=(a+pB)a®-ap+ B2 (factorise, sum of two cubes)
=(a+B)[(a’+p* —aBf] (group into previous expressions)
=(3)(8) - 3]
=(3)(7) =22}

x?2 = (sum of the roots)x + (product of the roots) =0

a ﬁ_az+ﬁ2
i e
2 2
e =
x2-(§)x+1=0
2
x2-16x+1=0

Eanpte v _ | T AR

One root of the equation ax? + bx + ¢ = 0 is five times the other.
Show that 56 =36ac, a=0.
Solution:

Let the roots be a and Sa.
ax*+bx+c=0

b
o = X+ % = (make coefficient of x* equal to 1)
b
a+S5a=—— and (a)(Sa):E.
a a
6a= —E @® and 5a°= Z @
a a

a is in both equations and not in the solution required.
Therefore, get o on its own from @ and put this into @.

a

L4

put this into @ 5( b )=£

36a* T a
5ab* = 364%c
5b% = 36ac




rExercise 24w

1.

10.

11,

12

o

If  and f are the roots of the equation X%+ 2x+5= 0, find the value of:

i) a+p (i) op (iii) a_zﬁ+ aB? (iv) a?+p?
() o’B+af’ i) (a-p)* (vii) a®+p° (viii) (a®-B)(B* - a)
(ix) %% (x) %Jrg (xi) f—ﬁﬁ (xii) a—lﬁ‘%“j;
+ et
a
If @ and B are the roots of the equation x* — 4x — 3 = 0, find the value of:
i 3a+38 (i) a?p? (iii) a?+p* (iv) a®+p°
4 4 Noa B .. 1 1
v) —+-— (vi) —+-— (vil) a(l1+B)+B(1+a) (viii) (a + —)(ﬁ + —)
a B B a B a
Form a quadratic equation, with integer coefficients, whose roots are:
(ix) 20,28 (x) o p? (xi) a+3,8+3 (xii) 3a+1,38+1
(xiii)a - 1,3 -1 (xiv) l, 1 (xv) E, A (xvi) a(1 - 8), (1 - a)
a f 8 a
The roots of the equation 2x2 + 6x + 3 =0 are a and §. Find the value of:
i a+p (i) of (iii) 3a+38 (iv) a?+p?

The roots of the equation 2x* + px + g =0 are 2a + f and 28 + a.
Find the value of p and the value of g.

The roots of the quadratic equation 2x* — 6x + 5 = 0 are (o - 2) and (8 - 2).

(i) Find the value of (a)a+p (b) aB
(ii) Form a quadratic equation, with integer coefficients, with roots a and S.

If « and f are the roots of the equation x? - px + g =0, show that:
() a?+pi=p*-2q (i) (a-H*=p*-4q.
Given that one root of the equation 2x? — 12x + k = 0 is twice the other root, find the value of k.

One root of the equation x* — px + g = 0 is twice the other.
Show that 2p* = 9q.

The equation x? - 2px + g = 0 has roots o and & +2.
Verify that p> =g + 1.

The equation x2 - 12x + k = 0 has roots « and a”.
Find the two possible values of k.

The equation x? — ax + 16 = 0 has roots a and a”.
Find the two possible values of a.

One root of the equation ax? + bx + ¢ = 0 is three times the other.
Show that 3b? = 16ac.

One root of the equation px? + gx + r = 0 is four times the other.

Show that 4% — 25pr = 0.




13. For what values of k is one of the roots of x2— 4(k + 1)x + (k% - k + 7) = 0 equal to three tinr
other?

14. (i) The quadratic equation x> + (2k + 2)x + (2k + 5) = 0 has roots a and B.
Express, in terms of k, (a) e+ 8 (b) af (c) 2a*B + 2a8>.
(i) The equation x> — px + ¢ = 0 has roots 2a + aff and 28 + Ba.
(a) Show thatp = 6.
(b) Express g in terms of k.
(c) Find the values of k for which g = 0.

Factor Theorem

.................................

A polynomial in x is a collection of powers of x added together.
For example, 2x* - 3x+5,  5x%+ 6x? - x + 4 are polynomials.

Note: 1. There cannot be negative or fractional powers in a polynomial.
2. A polynomial is often denoted as f(x).

Factor Theorem

If an algebraic expression is divided by one of its factors, then the remainder is zero. The expre
(x — k) is a factor of a polynomial f(x), if the remainder when we divide Jx) by (x - k) is zero.

Greneralising this:

1. If f(k) = 0, then (x — k) is a factor of f(x).
2. If (x - k) is a factor of f(x), then f(k) = 0.

The factor theorem can be extended:

b
LI f (E) =0, then (ax - b) is a factor of f(x).

2. If (ax - b) is a factor of f(x), then f (%) =0.

The factor theorem can be used to factorise polynomials or to find unknown coefficients in a polyno

Here are some examples:

Factor Put factor = 0 and solve Factor Theorem

x+4 x=-4 ‘ f(-4)=0 _
x-3 x=3 f3=0

2+l B= f=3)=0

Note: If (x+a) and (x+b) are both factors of a polynomial f(x), then so is their pro
(x + a)(x + b) = x* + abx + ab, also a factor, and vice versa.




Hence, find the other two factors.

Solution:
) =2x3-5x2—kx +3
If (2x — 1) is a factor, then f(3)=0.
fG)=0
2()°-5()* - k() +3=0
25 -5 -kH+3=0
1 3 1k+3=0
1-5-2k+12=0
-2k+8=0
~2k=-8
k=4
Now divide 2x* - 5x* —4x +3 by 2x - 1)
x*-2x—3
2yl [DFmpli 4 3
sz_xz
~A4x* - 4x
—4x% + 2x
—6x+3
—6x+3
0

Pl - |G A SRR DR R

If (2x — 1) is a factor of the polynomial f(x) = 2x% — 5x% — kx + 3, find the value of k.

(replace x with )

(multiply each part by 4)

Now factorise x? — 2x — 3
b e |
= (x+ D -3)
Thus, the other two factors are:
(x+1)and (x-3)

Solution:

If (x — 1) is a factor, then f(1) = 0.
f(H=0
2003 +m(D?*+n(1)+2=0
2+m+n+2=0

m+n=-4 @

m+n=-4 @
2m-n=7 @
3m =3 (add)
m=1
Thus, m=1andn=-5

F&) =2x% + mx® + nx + 2.

We now solve the simultaneous equations @ and @:

i~ Vi A TR S N

Let f(x) = 2x* + mx? + nx + 2 where m and n are constants.
Given that x — 1 and x + 2 are factors of f(x), find the value of m and the value of n.

If (x + 2) is a factor, then f(-2) = 0.
f=2)=0

2(-2)2 +m(-2)*+n(-2) +2=0
-16+4m-2n+2=0

4m-2n=14
2m-n=7 @
m+n=—4 @
l+n=-4
n=-5

S




x? - px + q is a factor of x* + 3px? + 3gx +r.

(i) Show that g = -2p*.

(ii) Show that r = —8p>.

Solution:

Method 1: Equating the coefficients

Let (x + k) be the third factor.

Thus, +k)(x2-px+q)=x>+3px*+3gx+r

33— px+gx+ kx* —kpx + gk =x3 + 3px® + 3qx + r

B+ (p+Ex+(q—kp)x+qgk=x>+3px?+3qx +r

Equating coefficients of like terms:

-p+k=3p @ g-kp=3g @ gk=r @
(Basic idea 1s to remove thé constant &, which 1s not in the solution required)

—p+k=3p @ (get k on its own from @)

k=4p (k on its own)
Put £=4p into @ and ®.
@) g-kp=3g @ (ii) gk=r @
q—(4p)p =3q q(4p)=r
q-4p*=3q 4pg=r e
~4p?=2g 4p(-2p7) =7 e
e gt L from (i)

Method 2: Using long division
x+4p
2—px+q |x3+3pxt+3gx+r
X -px? +qx
4px® + 2gx +r
4px? - 4p*x + dpq
(2q +4p*)x + (r - 4pq)

Since (x* - px + g) is a factor, the remainder must equal 0.

Thus 2g +4p?=0 @ or r-4pg=0 @
2q = -4p* r-4p(-2p*) =0
gq=-2p* r+8p*=0

Put this into @: r=-8p?

P R S R e




| Exercise 2.5 w
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10.

11.

12.

13.

14.
15.

16.

17.

Verify that (x — 1) is a factor of x* + 2x? — x — 2 and find the other two factors.

Verify that (x + 3) is a factor of x*+ 9x2 + 23x + 15 and find the other two factors.
Verify that (2x - 1) is a factor of 6x> + 7x% — 9x + 2 and find the other two factors.
Verify that (2x - 3) is a factor of 2x® — 15x% + 34x — 24 and find the other two factors.
Verify that (x — 1) is a factor of x? — (2k + 1)x? + (k% + 2/)x — k2.

If (x + 2) is a factor of the polynomial f(x) = 6x> + kx? + 11x — 6, find the value of k.
Hence, find the other two factors.

If (2x + 1) is a factor of the polynomial f(x) = 2x* + 7x? + kx + 2, find the value of .
Hence, find the other two factors.

Let f(x) = px3 + 3x* — 9x + g where p and g are constants.
Given that (x + 1) and (x — 2) are factors of f(x), find the value of p and the value of g.

Let p(x) = 2x* — ax? — bx + 42 where a and b are constants.
Given that (x — 2) and (x + 3} are factors of p(x), find the value of @ and the value of b.

Let f(x) = 2x> + ax? + bx — 6 where a and b are constants,
Given that f(-2) =0 and f(3) =0, find the value of a and the value of b.

Let f(x) = x* = (h + 2)x + 2k and p(x) = 2x> + hx? — 4x - k.
Given that (x + 3) is a common factor of f(x) and p(x), find the value of / and the value of .

Factorise x2 + x — 6.
Let f(x) = px* + x? — 20x + g where p and g are constants.
Given that x? + x — 6 is a factor of f(x), find the value of p and the value of q.

Given that px* + 8x% + gx + 6 is exactly divisible by x? — 2x - 3, find the value of p and the value
of g.

If (x — 2)%is a factor of x> + px + g, find the value of p and the value of g.
(x — a)? is a factor of x> + 3px + g.
Show that: (i) p=—-a®  (ii) g=24d°.

x%+ bx + c is a factor of x> — p. Show that:
@ c=b*> (i) be=p (i) b>=p (iv) c®=p2.

x? - px + 1 is a factor of ax® + bx + ¢ where a # 0. Show that:

G) p = 2 i) c2=a(a - b).




Solving Cubic Equations

...................................................

Any equation of the form ax® + bx? + cx +d =0, a + 0, is called a cubic equation.
We use the factor theorem to find one root, and hence one factor.,

A cubic equation is solved with the following steps:

1. Find the first root k by trial and error, i.e. try f(1). f(-1), f(2), f(-2), etc.
(Only try numbers that divide evenly into the constant in the equation.)

2. If x=kis aroot, then (x — k) is a factor.

3. Divide f(x) by (x — k) which always gives a quadratic expression.

4. Let this quadratic = 0 and solve by factors or formula.

Note: Each cubic equation we are asked to solve must have at least one integer root.

Solve the equation 2x* + x2 - 13x + 6= 0.

Solution:
Let f(x) = 2x® + x* - 13x + 6.

1. The first root will be a factor of 6.

x=21s aroot
2. .. x-2i1safactor
3. Divide (2x*+x2-13x+6) by (x - 2)
DxtE5x=3
x-2 12x3+x2-13x+6
Dy dxZ
5x%—13x
5x2—10x
-3x4+6
-3x+6
0

Pt ~ | TR PTRRET

We need try only those values which are factors of 6, 1.e. 1, +2, &3, 6.
FO=2(1)*+(1)>-13(1)+6=2+1-13+6=-4%0
FED=2(-1)3+(-1)?-13(-1)+6=-24+1+13+6=18+0
2 =2(2)°%+(2)*-13(2)+6=16+4-26+6=0

. Let2x2+5x-3=0

(2x-1)(x+3)=0
2x-1=0 or x+3=0
x=1" Yor x=-3
Thus, the three roots of the equation
2x3 +x*-13x+6=0

are -3, L and 2.




P —

Note: If we draw the graph of
F(¥) =2x% + x? - 13x + 6 we can see that i

Rough graph of f(x) =2x3 +x2 - 13x + 6:

fix)

the roots of the equation f(x) =0 occur + t i |
where the graph of f(x) cuts the x-axis. 0 72 *

rExercise 2.6 w

1. Find the three linear factors of x> — x? — 14x + 24.
Hence, solve the equation x> — x? — 14x + 24 = 0.

2. Factorise 2x® — x? — 2x + 1. Hence solve the equation 2x> + 1 = x? + 2x.

3. Show that x = } is a root of the equation 2x* — 5x* — 4x + 3 = 0 and find the other two roots.

4. Show that x =2 is a root of the jguation %% +4x% - 11x — 2 =0 and find the other two roots, giving
your answer in the form a + bVb.

5. If x = -} is one root of the equation 2x* - 9x% + kx + 6 = 0, find the value of .
Find the other two roots of the equation.

6. Letp(x)=ax®-5x>-bx+18.
If -2 and 3 are roots of the equation p(x) = 0, find the value of a and the value of b.
If p(k) =0, k = -2, 3, find the value of k.

7. If kis a root of the equation 3x® + (k + 3)x? + (7 — k — 4k*)x - 4 =0, find the values of .

8. TFind the values of the constants p, g and r for which (x - 4)(x - 2)(x + p) = x3 — Tx% + gx + r for all
values of x € R. Using these values of g and r solve the equation x* — 7x*+ gx + r =0.

9. Verify that —4p is a root of the equation x> + 3px? — 6p”x — 8p* = 0. Hence, or otherwise, find the

three roots of x> + 3px? — 6p?>x — 8p* = 0 in terms of p.




