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Sum of roots and product of roots

Qno.1

a. (i) (—";"‘ :) —5 At
(i) ((—1)”2 :) ~ 3 —(-18) A1A1

E )

Note: First A1 is for the negative sign.
[3 marks]

b. METHOD 1

if A satisfies p(A) = O0then g(A —4) =0

so the roots of ¢(z) are each 4 less than the roots of p(z) (R1)

so sum of roots is —-i,— -4 x5=-205 A1

METHOD 2

pz+4)=25+2x5x4z...+2... =225 +4124... M)
so sum of roots is —% = —20.5 At

[2 marks]

Tofal [5 marks]
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Qno.2

Markscheme
a+p=2k A1

af=k—-1 A1

(a+B)? =4k’ = ® + B%+2aB =4K* M1)
b

a®+p =4k — 2k +2
a?+p*=4=4K-2k-2=0 A1
attempt to solve quadratic (M1)
k=1, —3 Af

2

[6 marks]
Qno.3

a. for the equation to have real roots

(y—12-4y(y-1) =20 MI
=32 -2y—-1<0
(by sign diagram, or algebraic method) M1

1
~3<y<1 AlAl

1

Note: Award first A1 for — 3

and 1, and second A1 for inequalities. These are independer

[4 marks]

b. fiz— p— Sz+l=y2l+yz+y MI)

z24a+1
=>0=yz’+(y—-Dz+(y—-1) Al
hence, from (a) range is —%— <y<1l Al
[3 marks]

c. avalue for y would lead to 2 values for x from (a) RI

Note: Do not award R/ if (b) has not been tackled.
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Qno.4

a. sum =0 A1

product =6 A1

[2 marks]
b. P(1)=1-10+15-6=0 M1A1

= (z—1)isafactorof P(z) AG
Note: Accept use of division to show remainder is zero.

[2 marks]

c. METHOD 1
(=13 (22 +bz+c)=2"—1022+152— 6 (M1)
by inspectionc = 6 A1
(2 =322+ 32— 1)(22 + bz +6) = 2° — 1022 + 152 — 6 (M1)(A1)
b=3 A1
METHOD 2
a, [3 are two roots of the quadratic
b=—(a+p),c=aB (A1)
frompart@1l+1+1+a+B=0 (M1)
= b=3 A1
1x1lx1lxaf=6 (M1)
=c=6 A1

Note: Award FT if b = —7 following through from their sum = 10.

METHOD 3
(2°—1022+152—6) + (2 —1) =21+ 23+22-92+6 (M1)A1

Note: This may have been seen in part (b).

A4+ 4229246+ (2—1)=28+222+32—-6 (M1)
224222 4+32-6+(2—1)=22+32+6 A1A1

[5 marks]
d 22 +324+6=0 M1

3:+/0—71e0

2= — M1
—3£/=T5
= 2
3, WIB
z=—gt— A1
(orz=1)
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A4+ 28 4+22-9246+(2—1)=28+2224+32—6 (M1)
234+222432-6+(2—1)=22+32+6 A1A1

[5 marks]

d. 22+432+6=0 M1

e 3+/T—4e0

3 M1
—3+/=15
=
3 iv15
z=—5 kS A1
(orz=1)

Notes: Award the second M1 for an attempt to use the quadratic formula or to complete the square.

Do not award FT from (c).

[3 marks]

e.%i 202% — 20 M1A1

forz > 1, 20z® — 20 > 0 = concaveup R1AG

[3 marks]

e.ii.

~
Y =

! (1,0)

0y
z-intercept at (1, 0) A1
y-intercept at (0, — 6) A1
stationary point of inflexion at (1, 0) with correct curvature either side A1

[3 marks]
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Qno.5

a. (i)-(iii) given the three roots «, /3, 7, we have

B rp’tgrte=(z-a)(z-B)(z—7) M1

(_,.‘2 (a+ B)z + (\,“i)(_p v) A1

=23~ (a+B+7)z* + (aBf + By +va)xr — afy A1

comparing coefficients:

p=—(a+B+7) AG
q=(af+ By +~va) AG
c=—apfy AG

[3 marks]

o

. METHOD 1

() Given—a—f—v=—6
And aff + By + ya = 18
Let the three roots be a, 3, 4
Sof-a=y—-3 M1
or2B=a+7v
Attempt to solve simultaneous equations: M1
B+28=6 A1
B=2 AG
i a+y=4
20+ 27+ ay=18
=72 -4y+10=0

4+iv

7 (A1)

Sqg9=

Therefore ¢ = —afy = — ( “:ﬁ) (|+:ﬂ) 2=-20 A1

METHOD 2

() letthethreerootsbea, a —d, a+d M1

adding roots M1

togive 3a = 6 A1

a=2 AG

(i) aisaroot,s02® —6x22+18x2+c=0 M1
8-24+36+c=0

c=-20 A1

METHOD 3

() letthethreerootsbea, a —d, a+d M1
adding roots M1

togive 3a =6 A1

a=2 AG

i) ¢g=18=22-d)+(2-d)(2+d)+2(2+d) M1
d?=—6=d=6i

=>c=-20 A1

[5 marks]
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METHOD 3

(i) letthethreerootsbea, a —d, a+d M1

adding roots M1

togive 3aa =6 A1

a=2 AG

i) ¢g=18=22—-d)+2-d)(2+d)+2(2+d) M1
d? = -6 = d=6i

=c=-20 A7

[5 marks]

c. METHOD 1

Given —a — f— vy = —6
And aff + By + ya = 18

Let the three roots be a, 3, 7.

.‘} Y
Soz =5 M1

(2

or % = ay

Attempt to solve simultaneous equations: M1
af+B+ p* =18
Bla+B+7v) =18

68 =18
=3 A1
a+7:3,a:%

™
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