Online Maths

Mark Scheme Teaching

Q1.

a+(a+3p)+(a+6F)=21and a(a+3F)(a+6£)=91 M1 1.1b
3a+9f=21=a+3f=T=>a=7-38
(7-38)(7-3B8+3B)(7-38+68)=91

(7-38) +9(7-38) B+18(7-38) B =91
Or

3=T—a and o +9a°B+18aB* =91 leading to

& +3a* (T-a)+2a(7-a) =91

M1 3.1a

343-638° =91 or 49-98° =13
Or Al 1.1b
7o’ —98a+91=0

49-94°=13= f=_{+2}
or dM1 | 1.1b
7o' -98a+91=0=> ¢ =..{1.13}

a=7-3(+2)=..{1,13}

Or 2 o daM1 | 1.1b
b=—
3
dddM1 1.1b
Roots =1, 7, 13 only Al 1.1b
(7
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Alternative
a+(a+3p)+(a+6p)=21
a+3p =7 therefore one root must be 7 M1 3.1a
Al 1.1b
(x=7)(x* ~14x+13) aM1 | 11b
o= The—Tls—-1d) ddM1 | 1.1b
Roots =1, 13 dddM1 | 1.1b
Al 1.1b
(7 marks)

Notes:

M1: Sets the sum of the roots = 21 and the product of the roots =91

M1: Forms an equation in one variable using their sum of roots and product of roots equations
Al: Correct simplified quadratic equation

dM1: Dependent on the previous method mark, solves their equation to find real roots, may be a
cubic 1f slips earlier

ddM1: Dependent on previous method mark. Finds the value of the other vaniable

dddM1: Dependent on previous method mark. Uses their values of « and £ to find the value of the
roots

Al: Correct roots

Alternative

MI1: Sets the sum of the roots =21

Ma1: Simplifies and deduces one root

Al: Oneroot=7

dM1: Factorises mnto linear and quadratic, achieves correct first and last term

ddM1: Factorises their quadratic, which must be factorisable

dddM1: Uses their factorised quadratic to find the remuning 2 roots

Al: Correct roots 1 and 13
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Question Scheme Marks AOs
w—1
w=2z+1=>z= = B1 3.1a
("’_IJ —3("’_1J +("’_1)+5=o M1l | 3.la
; 2 A2
l(w3 —3w? -r-_31¢'—1)——3—(u-‘2 —2\1'+1)+L_1+5 =)
8 4 2

M1 1.1b

W =9 +19w+29=0 Al 1.1b

Al 1.1b

&)
CRENES a+pB+y=3.aBf+pr+ay=1afy=-5 Bl | 3.la
New sum = 2(a+B+y)+3=9
New pair sum= 4(af + fy+ya)+4(a+p+y)+3=19 M1 3.1a
New product = 8afy +4(af + By +ya)+2(a+ f+y)+1=-29

M1 1.1b

W' —9u’ +19w+29=0 Al | L1b

Al 1.1b

&)

(5 marks)
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Notes

B1: Selects the method of making a connection between z and w by writing - —

L} 3 2

v—1 -
> 1mto z’ -3z

M1: Applies the process of substituting their - = +z+5=0

(Allowz=2w+1)
M1: Manipulates their equation mnto the form W+ pw2 +gw+r(=0)having substituted their z in

terms of w. Note that the “= 0" can be missing for this mark.

Al: At least two of p, g, r correct. Note that the “= 0" can be missing for this mark.

Al: Fully correct equation including “= 0’

The first 4 marks are available if another letter 1s used instead of w but the final answer must be
in terms of w.

ALT1

B1: Selects the method of giving three correct equations containing «. P and y

M1: Applies the process of finding the new sum, new pair sum, new product

M1: Applies w’ —(new sum )w’ +(new pair sum ) w—( new product (= 0)

or identifies p as «(new sum) g as (new pair sum) and » as —(new product)

Al: At least two of p, g, r correct.

Al: Fully correct equation including “= 0~

The first 4 marks are available 1f another letter 1s used instead of w but the final answer must be
in terms of w.
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Question Scheme Marks | AOs

Complex roots are e.g. a £+ f1

or
(ZZ+22 +pz+q)=(z-3)=2"+4z+ p+12
o B1 3.1a
f(3)=0=>3+3"+3p+q=0
or

Oneof: 3+z,+z;=-1, 3z,z;=—¢, 3z, +3z;+2,z;=p

Sum ofroots ¢+ Bi+a— Pi+3=—1=Da=_.

I

or M1 1.1b
a+Pi+a—Pi=—4=2a=..

a=-2 Al 1.1b

So Lx2px5=35= =7 M1 | 1.1b

g=-3("2+7")("-2-7i") =..

or
p=3("=2+Ti")+3("= 2= Ti")+ ("= 2+ 7i") ("= 2 - 7i") M1 | 3.la
or
(z=3)(z—("-2+71"))(z—("-2-71")) =...
g=-1590rp=41 Al 1.1b
¢ TP O . [T PR Al | 11b
(@)
Alternative
(Z+22+pz+q)=(2-3)=2+4z+ p+12 Bl | 3.1a
En -{_17_():}_'_—4:1\/42_4(}7'*-12)(__7_*_i ,—+8) M1 1.1b
< Z p ~ = - = 2 e p ) i
=—2 Al 1.1b
ﬁz\{m M1 1.1b
Sx(3+2)x2/p+8=35=p=_. Ml | 3.la
p=41 Al 1.1b
3p+g=—-36=>g=-159 Al 1.1b
(N

(7 marks)
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Notes

B1: Recognises that the other roots must form a conjugate pair or obtains z° +4z+ p+12 (or

22 +4z —%) as the quadratic factor or writes down a correct equation for p and g or writes down

a correct equation involving "z, " and "z;"

M1: Uses the sum of the roots of the cubic or the sum of the roots of their quadratic to find a
value for “a”

Al: Correct value for “a”

M1: Uses their value for “a” and the given area to find a value for “f”. Must be using the area

and triangle dimensions correctly e.g. %x B x5=35= B =14scores MO

M1: Uses an appropriate method to find p or ¢
Al: A correct value forp or g
Al: Correct values for p and ¢
Alternative

B1: Obtains z° +4z+ p+12 (or 2> +4z —%) as the quadratic factor

M1: Solves their quadratic factor by completing the square or using the quadratic formula

Al: Correct value for “a”

M1: Uses their imaginary part to find “4” in terms of p

M1: Draws together the fact that the imaginary parts of their complex conjugate pair and the real
root form the sides of the required triangle and forms an equation in terms of p. sets equal to 35
and solves for p

Al: A correct value forp or g

A1l: Correct values for p and g
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Question Scheme Marks | AOs
{w=x-1=}x=w+l B1 3.1a
(w+1) +3(w+1)’ —8(w+1)+6=0 M1 3.1a
W 3wW 3w+ 14 3(W +2w+1)-8w—-8+6=0

M1 1.1b
W+6W +w+2=0 Al 1.1b
Al 1.1b
Q)]
ALT1 a+pB+y=-3,af+Py+ay=-8,afy=-6 B1 3.1a
sumroots= -1+ f-1+y -1
=a+f+y-3=-3-3=-6
pairsum = (@ -1)(B-D + (a-D(y -1 + (B-D(y -1
=af+ay+ Py —2a+pf+y)+3
= 8- 2T =1 ML | 2
product = (¢ - I -1(y - 1)
=afy —(af+ay + By)+(a+f+y)-1
=—-6—-(-8)-3-1=-2
M1 1.1b
W+6W +w+2=0 Al 1.1b
Al 1.1b
)
(5 marks)

Question Notes

B1 Selects the method of making a connection between x and w by wniting x = w+1
Ml Applies the process of substituting their X = w+1 mto x* +3x*-8x+6=0

Ml Depends on previous M mark. Manipulating their equation into the form

W+ pw +qw+r=0

Al At least two of p. g.  are correct.

Al Correct final equation.

ALT1 Bl Selects the method of giving three correct equations each containing ¢, f and y.
M1 Applies the process of finding sum roots. pair sum and product.

Ml Depends on previous M mark. Applies

W’ — (their sum roots)w’ + (their pair sum)w — their @8y = 0

Al At least two of p. g. r are correct.

Al Correct final equation.
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Question Scheme Marks | AOs |
2 2
(a) a+ﬂ+(a+1—'—ﬂ}=850 2a+1_-=8 M1 1.1b
Z 2 Al_| 11b

=20’ -8a¢+12=0 or @’ —4a+6=0

4+ (=4 —4(1)(6 3 M1 1.1b
o= 9 () or (-2 -4+6=0= a=_.

2(D)
>a=2% i\/'zare the two complex roots Al 1.1b
A correct full method to find the third root. Common methods are:

Sum of roots =8 = third root =8—(2+i\/2—)—(2—i\/5)=...

: . 12 )
third root =2+1\/..:Z-+—— 2—1\/?2— =1
2+i2 ( )

24 M1 3.1a
Product of roots = 24 = third root = = =
(2+iv2)(2-iV2)
(z-a)z-p)=z"-4z+6=f(2)=(2° —4:+6)(:—7)=> y=:
(or long division to find third factor).
Hence the roots of f(z) =0 are 2 * i\/:?_ and 4 Al 1.1b
(6)

(b) Eg.fl4)=0=4"-8x4"+4p-24=0=>p=_.
Orp=(2+iV2) (2-i2)+4(2+iW2)+4(2-1V2) = p=". M1 3.1a

Or f(z)=(z-4)z"-4z+6)=>p=_.

= p=22 cso Al 1.1b
2
(8 marks)
Notes
(a) M1 | Equates sum of roots to 8 and obtains an equation in just « .
Al Obtains a correct equation in @'

M1 | Forms a three term quadratic equation in @ and attempts to solve this equation by
either completing the square or using the quadratic formula to give @ = ...

Al [ g=2%i2

M1 | Any correct method for finding the remaining root. There are various routes
possible. See scheme for common ones.

Allow this mark 1f —24 1s used as the product.

See note below for a less common approach.

Al Third root found with all three roots correct. Note a and 5 need not be 1dentified.
(b) M1 | Any correct method of finding p. For example, applies the factor theorem. process
of finding the pair sum of roots, or uses the roots to form f{z).

Al p = 22 by correct solution only. Note: this can be found using only their complex

roots from (a) (e.g. by factor theorem)
Note for (a) final M — it 1s possible to find the second and third roots using only one initial root
(e.g. 1f second root forgotten or error leads to only one 1initial root being found).

N 2 (2 : :
Product of roots = aﬁ{a+——ﬂ)= 24= aff” —(a' +12)ﬁ+24 =0, substitutes in a and attempts
o

to solve the quadratic in 8 to achieve remaining roots. The final M can be gained once three roots in
total have been obtained. (This 1s unlikely to be seen as part of a correct answer.) Allow if —24 has
been used for the product.
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Q6.
Question Scheme Marks AOs
@ ptq+r=2. pg+pr+qr=4.  pqgr=>5 Bl | 31a
222 Hpgrpreqr) Ml | L1b
p 4q 7 par
8
= Alft 1.1b
3
Alternative for part (i)
2 8 8 8 . Py 2
=—= ——-—+——5=0=25y"-8y " +8y—-8=0 B1 3.1a
y }f' }r‘ y
2 2 2 -8
b RS M1 1.1b
B g 5
8
= Alft 1.1b
3
(i) (p—4)(g—4)(r—4)=(pg—4p—-4g+16)(r—4) M1 1.1b
=pgr—4pg—4pr—4gr+16p+16g +16r — 64 Al L1b
(i:pqr—4(pq+pr+qr)+16(p+q+r)—64:)
=5-4(4)+16(2)-64=-43 Al | L11b
3)
Alternative for part (ii)

(x+4) -2(x+4) ' +4(x+4)-5=0 Ml | 11b
=64+ —-32+_16+..-5=43 Al 1.1b
>{p-4)(g-4)(r-4)=-43 Al | Llb

3

Online Maths
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o . Eg
p+g+r=
=(p+q+r)-3(p+q+7)(pg+pr+qr)+3pgr
or
=(:P“J'r)(t(p‘q“r,]l_2(?‘?'1”"?’)‘]’9-.9’—?7‘)—3pqr
or
=2(:(p+q +r)2—2(pq +pr+qr):)—4(p+q +7)+3pgr

=>p3—q3—r3=_..

M1

3.1a

=27-3(2)(4)+3(5)=-1
2(22-3(4))+3(5)=-1
=2(2%-2(4))-4(2)+3(5)=-1

Al

1.1b

(2)

Alternative for part (iii)

DP-2p +4p-5=0,4"-2¢>+49g-5=0, r’*-2r2+4r-5=0

-
3

p‘--q':—r':—z(_p:—q:—r:j)—-'%(p-q—r)-lS =0
p+g+r =2(:(.p--q—r.]‘—2(_pq--pr—qr)l]—4(_p—q—r)—lS
=>p'=—q5—r3=...

M1

3.1a

=2(27-2(4))-4(2)+15=-1

Al

1.1b

@

(8 marks)

Notes

®
B1: Identifies the correct values for all 3 expressions (can score anywhere). Allow notation such
as > p. > pg for the sum and pair sum.

M1: Uses a correct identity for the sum

Alft: Correct value (follow through their 2, 4 and 5)

Alternative:

B1: Obtains the correct cubic in “y”~

M1: Uses a correct method

A1lft: Correct value (follow through their 2, 4 and 5)

(1)

MI1: Attempt to expand — must have an expression that involves the sum_ pair sum and product
A1l: Correct expansion

Al: Correct value

Alternative:

M1: Substitutes x + 4 for x in the given cubic

Al: Calculates the correct constant term

Al: Correct value

(111)

M1: Establishes a correct identity that is in terms of the sum, pair sum and product and substitutes
to reach a numerical expression for p° +¢° +#°

Al: Correct value

Online Maths
Teaching

www.onlinemathsteaching.co.uk



Online Maths

Q7 Teaching

Question Scheme Marks | AOs
@ a+B+y=8. af+By+ya=28 afy=32 Bl 3.1a
L X +ay+
LpXol JAriaydan s | i
a B 7y afy
7
=— Alft 1.1b
8
3)
(if) (@+2)(B+2)(y+2)=(af+2a+28+4)(7+2) M1 | L1b
=afy+2(af+ay+pPy)+a(a+f+y)+8 Al 1.1b
=32+2(28)+4(8)+8=128 Al 1.1b
3
Alternative for part (ii)
(x—2)’ -8(x—2)" +28(x-2)-32=0 M1 | 11b
=._..—8+..—32+. —56—32=—128 Al 1.1b
sa+2)(B+2)(y+2)=128 Al 1.1b
3)
(i) &+ B+ =(a+p+y) —2(aB+ay+py) M1 3.1a
=8*-2(28)=8 Alft | 1.1b
2
(8 marks)
Notes

®

B1: Identifies the correct values for all 3 expressions (can score anywhere)
M1: Uses a correct identity

Alft: Correct value (follow through their 8, 28 and 32)
(1)

M1: Attempts to expand

Al: Correct expansion

Al: Correct value

Alternative:

M1: Substitutes x — 2 for x in the given cubic

A1l: Calculates the correct constant term

A1l: Changes sign and so obtains the correct value

(111)

M1: Establishes the correct identity

Alft: Correct value (follow through their 8, 28 and 32)
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Qs.

Question Scheme Marks | AOs
(a) aBy= —% andafB+ay+ 8y = —% B1 3.1a
1 1.1 By+tey+aB — 2
s S ' = 7 Ml 1.1b
a B8 ~ aBy B
& |
=4 Al 1.1b
3
1
(b) {a+3-+—’)'=——}
3
1 R - 1 1
New product=—x—x—=——=——=__ (-3
P o W % 7, (=3) Ml | 31a
R P e e
New pair sum—+—+—=— —= >=..(1)
aB By ay aBy - 13
x —(part (a))x2 + (new pair sum)x — (new product)(=0) M1 1.1b
X —4x’+x+3=0 Al 1.1b
(3)
Alternative
3
e.g.:=l=:~ 33+ 1,—i+1=0 bl A
S S -l -
A . M1 | L1b
il Al | 11b
(3)
(6 marks)

Notes:

()
B1: Correct values for the product and pair sum of the roots

| S . |
M1: A complete method to find the sum of —+§ +—. Must substitute in their values of the
I A

product and pair sum

Al: correct value 4

Note: If candidate does not divide by 3 so that a3y =—1 and a3 + a7y + 3y = —4 the maximum
they can score 1s BO M1 A0

(b)

M1: A correct method to find the value of the new pair sum and the value of the new product
MI: Applies x* —(part (a))x’ +(their new pair sum)x — (their new product) (= 0)

Al: Fully correct equation. in any variable, including =0

(b) Alternative
M1: Realises the connection between the roots and substitutes into the cubic equation

M1: Manipulates their equation into the form ¥ 4ax’ +bx+c=0

Al: Fully correct equation in any varnable, including = 0

Online Maths
Teaching
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Question Scheme Marks
3 2
w=3x—2=>x=”:' Bl 3.1a
§ » g ] ')‘.2 y ‘
9(“*2) —5("“) +4(“+2)+7=0 Ml | 3.1a
3 . 3 3
. 5.1 4
E(u- + 6w +12w+8)—§(w +4w+4)+§(w+2)+7=0
dM1 1.1b
317 413w +28w+91=0 Al 1.1b
Al 1.1b
Q)
Alternative:
5 4 7 ,
a+pf+y=—,af+Py+ay=—,affy=—— B1 3.1a
9 9 9
13
Newsum=3(a+.3+}’)_6=_T
3
: 28 :
New pair sum = 9(01,B+ﬂy+;/a)—12(a+ﬂ+}/)+12:T M1 3.1a
: 01
New product = 27aﬂ7—18(a,3+,B;/+7a)+12(a+,8+7)—8=—?
3 13 , 28 )]
A WA T -“+_ R RTINS =0
" 5 Jn 5 M 3 dM1 1.1b
31? +131” +28w+91=0 il o -
3w” +13w”" + W+ = Al 11b
Q)
(5 marks)

Notes

w+2

B1: Selects the method of making a connection between x and w by writing x =

Condone the use of a different letter than w

w+2

MI1: Applies the process of substituting x = "7 into 9x* —5x2 +4x+7 =0

-

2
dM1: Depends on the previous M mark. Manipulates their equation into the form
aw’ +bw’ +cw+d(=0). Condone the use of a different letter then w consistent with B1 mark.
Al: At least two of a, b, ¢, d correct
A1l: Fully correct equation, must be in terms of w
Alternative:
B1: Selects the method of giving three correct equations containing a, ff and y
MI1: Applies the process of finding the new sum, new pair sum, new product
dM1: Depends on the previous M mark. Applies
W —(new sum)w’ +(new pair sum )w—(new product)(=0) condone the use of any letter here.
Al: At least two of a, b, ¢, d correct
A1l: Fully correct equation in term of w
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Question Scheme Marks | AOs
(@) Zai i and Za,.a,. =0
3 ; Bl 3.1a
This mark can be awarded 1f seen 1n part (11) or part (111)
So a3+,32+y3+53=(a+,3+y+5)2—2(za,-aj)=... Ml | 1L1b
N Al |11
9
3)
(i1) Zaia-ark =l and I I a =2 or for x=E used in equation
i 3 w Bl 22a
This mark can be awarded if seen 1n part (1) or part (111)
: : Zaaa T
. 2
So 2 -1—+—l—+l+—l-]=2x——;=2x—3l— or for
a B ¥ 8 apys S,
3 Ml 1.1b
16 8) (2 ;
3(—4)+5(—3)—7(—)+6=0=> 6w’ —14w’ +__ =0 leading to 14
w w w 6
: o |
14\ 7
=2xL3 (=—)=— Al | Llb
2 N 6} 3
3)
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(iii) (3—a)(3—ﬂ)(3—}')(3—6) =... expands all four brackets

Or equation with these roots is 3(3—x )4 +5(3- .1')3 -73-x)+6=0

=81—27(Za, )+9(Za,~aj )—3(Za,.aja,, )+Ha,.

=81—27(—§]+9(0)—3(%)+2 a1 |1
Or expands to fourth power and constant terms and attempts product
of roots 3x* +...+3x34+5x33—7x3+6—>Haf, =¥
=121 Al 1.1b
3)
(9 marks)
Notes:
@

B1: Correct sum and pair sum of roots seen or implied. Must realise the pair sum 1s zero.
Note: These values can be seen anywhere 1n the candidate’s solution
M1: Uses correct expression for the sum of squares.

Al: % Allow this mark from incorrect sign on sum of squares (but they will score BO if the sign 1s

incorrect).

(i1)

B1: Correct triple sum and product of roots seen or implied. May be stated 1n (1). Alteratively. this
: 2 e )
may be scored for sight of x == used as a transformation in the equation.
w
Note: These values can be seen anywhere in the candidate’s solution

a,aa;
M1: Substitutes their values into 2 xZ— = .. In the altemnative 1t 1s for rearranging the
apBys
equation to a quartic in w and uses to find the sum of the roots.

Al: % Allow this mark from incorrect sign of both triple sum and product (but they will score B0

if the sign 1s incorrect).

(iii)

MI1: A correct method to find the value used — may recognise structure as scheme. may expand the
expression in stages. or may attempt to use a linear transformation (3 —x) ore.g. 3 —w) n
original equation. Condone slips as long as the intention 1s clear.

dM1: Dependent on previous method mark. Uses at least 2 values of their sum of roots etc. 1n their
expression. If using a linear shift this is for expanding to find the coefficient of x* and constant
term and attempts product of roots by dividing the constant term by the coefficient of x*.

Al: 121
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.

14
@) 4-x3+px2—14x+q=0=>x3+§x2_—x+%=0

4 B1 3.1a

14 7
a+B+y=—§ ap +ay +By=——_or —3

(a+B+y)2=a?+B%>+y%+2(af + ay + By)

Py\?2 7
(_Z) =16+ 2(—5) =p=..
or M1 3.1a
(@+B+y):—2(aB+ay+By)=a’+p>+y?

(o o nnd

p =12 *cso Al* 1.1b
3)
_1_ l _1_= By+ay+af
(b) a+ﬁ+y S M1 1.1b
7
(__5)=ﬁ=, = M1 | L1b
(‘_q) Z :
4
q=3 Al 1.1b
3)
Alternative
413+1212 141+ =i Ml hib
() +12()7 - 14C) + a{= 0}
5 5 14 -14
qw® — 14w +12w+4=0=>?=—T=>q=... M1 1.1b
q=3 Al 1.1b
3)
(©) (a=1)B —=Dr=1)=. Ml 1.1a
=apy—(af+ay+Pfy)+(a+B+y)—1 Al 1.1b
X their 3 7 12 o dM1 116
(- (D)m -
= —E Al 1.1b
4

C))

Alt 4(x+ 1)+ 12(x + 1)? — 14(x + 1) + '3'{= 0} or substitutes in 1 M1 l.1a

=.4+..12+4...—14+'3'=5Sor4x3 + 24x2 + 22x + 2+

S Alft 1.1b
their g

www.onlinemathsteaching.co.uk



— "their cznstant' dM1
5
= Al 1.1b
=
(10 marks)
Notes:
(a)

B1: Identifies the correct values for the sum and pair sum. This may be implied by substituting into
an equation. it must be clear

M1: Uses the correct identity and values of their sum and their pair sum to find a value of p
Al7: p = 12 cso there 1s no need to see a reason

(b)

MI1: Establishes a correct identity

M1: Uses their identity and their pair sum and their product of roots to find a value of g. Condone a
slip but the intention must be clear.

Al: g = 3 Allow this mark from incorrect sign of both pair sum and product

Alternative
1 3 i
MI1: Uses x = ;the substitution

M1: Simplifies to an quartic equation of the form aw?® + bw? + cw + d = 0 and uses % = - Eto
find a value for g

Al:g=3

(©)

MI1: Attempts to multiply out the three brackets.
Al: Correct expansion.

dM]1: Dependent on previous method. Substitutes in the value of their sum, pair sum and the value
of their product as appropriate. Condone a slip but the intention must be clear

Al: Correct value

Alternative

MI1: Substitutes (x + 1) or x = 1 into the cubic with their value of g. Allow the use of different letters
eg (w+l)

Alft: Correct constant terms. follow through on their value of ¢

dM1: Applies — el constant’

4
Al: Correct value
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Question Scheme Marks AOs
i 3 5
® ar+,6:—;/=3, aﬁ+a,v+,6’,v=; Bl 3.1a
2 2 ) 2 ,' 3 i 5
@+ f+ri=(a+f+y) -2(ap+ay+pr)=|>| -2| S|=- | ML | LIb
11
- z: 2.75 cso Al 1.1b
3)
@ afy = % or x :i used 1n the equation B1 22a
2 W
32|
3 3 3 3laft+ay+fr) "\2)
a By afy b t
9
or Ml 1.1b
(3 i 3Y  af3) 3, 15,2 z 1
2l = | -3| =| +5| = |[+7=0= 7w’ +15w’ - 27w+ 54{=0}
Lw) LW Lw)
'15'
’7'
15
- 7cso Al 1.1b
3)
(iii) (5—-a)(5-8)(5-y)=AxBla+B+y)xC(aB+ay+ By )E(aby)
={5’-5(a+B+y)+5(aB+ay+By)-apy}
3 Of Ml 3.1a
2(5-w) —3(5—w)'+5{5—w)+7{=0}
or
f(x)=A(x—a)(x—-B)(x—y)=>4=2
O - (139, SN T
(S—aua—ﬁ;(s—,]—125—25‘5.’]+5[5t+5
or
[ 2x125-3x25+25+7
(5-a)(5-B)(5-7)=—| - e )
Or o7 Ml | 1L1b
—2w + 27w’ ~125w+207{= 0} => ———
s 2
f(5)=2(5—-a)(5-68)(5-y)
=>(5—a)(5—ﬁ)(5—;')=fl:)
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=“—07 =103.5cso Al

2
A)

(9 marks)

Notes

(1)
B1: Correct sum and pair sum, they may be seen anywhere in the candidates working.
M1: Uses a correct identity and substitutes in their sum and pair sum to find a value.

Al: Correct value following Bl, ifuses ¢ + 7+ y = % this can score BO M1 AQ cso

(1)
B1: Correct value for the product (may be seen anywhere 1n the candidates working) or for using
3 2 :
x == 1 the given equation.
w
M1: Uses a correct identity and substitutes 1n their pair sum and product to obtain a value or
multiplies through by w” to identify at least the required terms and finds their new sum.
A1l: Correct value from correct pair sum and product cso
(111)
M1: Correct strategy for obtaining the required value by expanding. must reach an expression for
the form 4+ B(a+ B8+ y)xC(af +ay+ By )=(aBy) may not be factorised for example.

AtBatBf+tBytCaftCayrxCpyt(afy)

or
Attempts the correct linear transformation of the given equation and expands.
or

Usesf(x)=A(x—a)(x—8)(x—y) tofind a value for A

M1: Uses their sum, pair sum and product to obtain a value. Allow recovery from a sign slip as
long as substituting into an expression of the form A+ B(a+ B+ y)=Claf+ay+ By )=(afy).
This would be A0 even if the correct answer 1s achieved.

or

Simplifies to obtan at least the required terms to find a value for the new product. Ignore the

other terms whether correct or not.
Or

£(5)

0.4

Uses

A1l: Correct value with no errors seen cso
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(@) 2x*+ A’ - Ax?- Sx+6=0D x4+£x3- ii;xz- 2x+ 5. 0
2 2 2 2
abgdzg Bl 3.1a
abg+ abd+ agd+ bgdz%
3x(§]
3 3 3 3 3(afy+afd+ayo+pypo
3,33 3 3apr+aps+aps+pp) ~\2)_ b | s
a By o apys S
2,
5
~9 Al 1.1b
3
A A
(b) a+b+g+d=- — ab+ ag+ ad+ bg+ bd+ gd= - 2 Bl 1.1b
(@+b+g+d) = Ml | 3.la
a’*+ b+ g’ +d+2(ab+ ag+ ad+ bg+ bd+ gd) Al | 11b
3x(5)
' 3(afy +affd + ayo + Byd 2
i+i+i+2= (afy vafl il )= 2 dM1 1.1b
a p y o apys s
2,
A=-1-3 Al 1.1b
&)
(8 marks)
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Notes:

()
B1: Identifies the correct values for the product and triple pair sum. If seen these must be correct,

a5 s
Z—J=3X—=— does not

afyo 6 2

technically contain an incorrect step if one realises the 2’s will cancel. A good mndication will be
what happens 1 part (b) — if there they realise the 2’s are involved then allow b.o.d. for a calculation
such as here given in (a).

3
but they may be implied 1f not explicitly extracted, e.g. Z— =3
ai

Note Zaﬂyé 1s a correct notation for the product of roots.
M1: Uses the correct 1dentity and their values of the product and triple sum. (The values need not be
correct for this mark.)

Al: Correct value following correct 1dentity with no indication of incorrect values for triple sum and
product (see comment on the B mark).

(b)
B1: Identifies the correct values for the sum and pair sum. Allow when first seen — some will list all
these 1n part (a), which 1s fine for this mark.

M1: Attempts to find the identity for (a+ b+ g+ d)2 m terms of the sum of squares and pair sum
(seen or implied). Allow attempts where the “2” 1s incorrect with no other method shown.

Al: Correct 1dentity (seen or implied).

dM1: Dependent on previous method mark. Substitutes the sum and pair sum of the roots into their

identity and forms and solves a 3TQ for 4 (usual rules).
A1l: Correct values of A

@ T I 2(3) +...—5(3]+6=0 orx=l=>2(i) +...-5(i)+6=0 B1 | 3.1a
Alt w w W W W, W
= _+. . w+._—-15w+6w' =0 =2+ 5w +6w' =0
LS or 8 M1 | 1.1b
iy 6 i 6
5
== Al | 1.1b
5
3)

Alt (a): Some may use a transformation. These can be scored as

B1: Makes a correct substitution into the equation to solve the problem. This will probably be x = L)
w

but note that x =% can also be used.

M1: Multiplies through by w* and extracts the correct sum of roots from the new equation. If using
X =1iv they must also multiply through by the 3 to gain this mark.

A1l: Correct answer from correct work on the relevant coefficients (the others need not be seen).
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Question Scheme Marks | AOs
5\( 5
(a) a(—j—]{a+—'——l]=15 My | 44b
\ [+ 2 Al 1.1b
25 3
>5a+—-5=15=>a -4a+5=0
a

— — 444~ 40)5) Ml | 3.1a

=Sa= or (@a-2)-4+5=0=>a=..
2(D)
>a=2%1 Al 1.1b
Hence the roots of f(z) =0 are 2+1,2—-1and 3 Al 2.2a
S
(b) p=—('"(2+i)"+"(2—i)"+"3") = p=.. M1 ¥ 1ia
$p=—7 cso Al llb
2)
(b) f(z)=(z-3)z"-4z+5)=> p=__. M1 3.1a
ALT1 |=p=-7 cso Al 1.1b
)
(7 marks)
Question Notes
(a) M1 Multiplies the three given roots together and sets the result equal to 15 or —15

Al Obtains a correct equation 1n &'

M1 Forms a quadratic equation in ¢ and attempts to solve this equation by either
completing the square or using the quadratic formula to give @ = ...

Al a=2%1

A1l | Deduces therootsare 2+1,2—1 and 3

(b) M1 | Applies the process of finding — Z( of their three roots found 1n part (a))
togive p=_.
Al p = —7 by correct solution only.
(b) M1 | Applies the process expanding (z — "3")(z — (their sum)z + their product)
ALT1 morderto find p=__.

Al P =—7 by correct solution only.
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