Subject - Math AA(Higher Level)
Topic - Algebra
Year -May 2021 - Nov 2022
Paper -1
Answers

Question 1

(a)

attempt to find modulus
r=2V3(=+12)

attempt to find argument in the correct quadrant

0 =7 + arcta [—?]

Smi Smi
~3+4/3i =\/Eeé[:2\/§e6]

attempt to find a root using de Moivre’s theorem
1 Smi

126 g
2
attempt to find further two roots by adding and subtracting Tﬂ to

the argument
! Tri

126e 18
1 17n

126¢ 18

Note: Ignore labels for #, v and w at this stage.

(M1)
A1
(M1)

A1

A1

M1
A1

M1
A1
A1

[5 marks]

[5 marks]



Question 2

(a)

attempting to use the change of base rule

log. (008 2+ 2
logg(C082x+2)= Ogg.(COS x4+ )

log, 9
= %log3 (cos2x+2)

=log, Vcos2x +2

log,(2sinx) = log, /cos2x+2
2sinx =+/cos2x+2

4sin® x = cos2x+2 (or equivalent)
use of cos2x=1-2sin’x
6sin’ x =3

1
+)

sinx=(_)ﬁ

T
x=—
4

Note: Award AQ if solutions other than x = are included.

M1
A1

A1

AG
[3 marks]

M1
A1
(m1)

A1

A1

[5 marks]

Total [8 marks]



(c)

METHOD 1

attempting to find the total area of (congruent) triangles UOV,VOW
and UOW

i 1 1
Area:S{lJ 126 || 129 51'11E
2 3

1 1
Note:Award A1 for [125J[126 ] and A1 for 51'112—;.

(d)

3\/_ {123 ] (or equivalent)

METHOD 2
1y 1y 11 o
sz(lzﬁ] +[125J —2{125][125}05? (or equivalent)
. :
UV:\E[IZGJ (or equivalent)

attempting to find the area of UVW using Area = %x UV x VW xsina

for example

1 1
Area = %[ngmf’ ]{\Exlf’ ]sing
3J_[123J or equivalent)

U+v+w=0

_1 1 I S G g - - '
126| cos| —— |+1sin] —— [+ cos—+isin— +cos—+isin— |=0
18 18 18 18 18

1
128 cos(——n)ﬂzos5—"Ir+cos”—Tt =0
18 18 18

cos —E] = acosE explicitly stated
18 18
St n 17x
C0S—+Co0s—+cos——=0
18 18 18

M1
A1A1

A1

[4 marks]

A1l

A1l

M1

A1

[4 marks]

R1
A1l

M1

A1

AG
[4 marks]

Total [18 marks]



Question 3

(a)

attempting to expand the LHS (M1)
LHS = (4n* —4n+1)+(4n* +4n+1) A1
=8n” +2(=RHS) AG
METHOD 1

recognition that 2n—1 and 2n+1 represent two consecutive odd

integers (for all odd integers n) R1
8n® +2=2(4n" +1) A1
valid reason eg  divisible by 2 (2 is a factor) R1
so the sum of the squares of any two consecutive odd integers is even AG
METHOD 2

recognition, eg that » and n+2 represent two consecutive odd integers
(forneZ) R1
n*+(n+2) =2(n*+2n+2) A1
valid reason eg  divisible by 2 (2 is a factor) R1

so the sum of the squares of any two consecutive odd integers
is even AG

[2 marks]

[3 marks]

[3 marks]

Total [5 marks]



Question 4

(a)

(b)

METHOD 1
B has one less pen to select
EITHER

A and B can be placed in 6x5 ways
C, D, E have 6 choices each

OR

A (or B), C, D, E have 6 choices each
B (or A) has only 5 choices

THEN

5x6' (=6480)

METHOD 2
total number of ways =6

number of ways with Amber and Brownie together =6*
attempt to subtract (may be seen in words)

6° -6*

=5x6* (: 6480)

METHOD 1

total number of ways = 6!(=720)

number of ways with Amber and Brownie sharing a boundary
=2xT7 ><4!(= 336)

attempt to subtract (may be seen in words)
720-336 =384

METHOD 2
case 1: number of ways of placing A in corner pen

3x4x3x2x1

Four corners total no of ways is 4><(3><4><3 x2x1)=12x4!(=288)
case 2: number of ways of placing A in the middle pen
2x4x3x2x1

two middle pens so 2x(2x4x3x2x1)=4x4(=96)

attempt to add (may be seen in words)

total no of ways= 288+ 96

:16><4!(:384)

(M1)

(A1)
(A1)

(A1)
(A1)

A1

(A1)
(A1)
(M1)

At
[4 marks]

(A1)

(A1)
(M1)
A1

(A1)

(A1)
(M1)

A1

[4 marks]
Total [8 marks]



Question 5

METHOD 1
other two roots are a—b1 and b—ai A1
sum of roots — —4 and product of roots =400 A1

attempt to set sum of four roots equal to —4 or 4 OR

attempt to set product of four roots equal to 400 M1
a+bita-bitb+ai+b—ai=-4
2a+2b:f4(:>a+b=f2) A1

(a+bi) (a—bi) (b+ai)(b—al)=400

(a*+2%) =400 A1
a’+b*=20
attempt to solve simultaneous equations (M1)
a=2ora=-4 A1A1

[8 marks]
METHOD 2
other two roots are a—bi and b—ai At

(:—(a+bi])(:—(a—bi))(:—(b+ai))(:—(b—ai))(: 0) A1
((z—a) +b°)((z=b)’ +a*)(=0)

(22—202+a2+b2)(22—2?):+bz+n2)(:0) A1
Attempt to equate coefficient of 7' and constant with the given quartic equation M1
2a-2b=4 and (a*+5*) =400 A1
attempt to solve simultaneous equations (M1)
a=2ora=-4 A1A1

[8 marks]



Question 6

METHOD 1 (finding ,, first, from Sg)
4(u, +8)=8

u=-6

u;+7d =8OR 4(2u, +7d ) =8 (may be seen with their value of 4 )

attempt to substitute their 4
d=2

METHOD 2 (solving simultaneously)
u +7d =8
4(u,+8)=8 OR 4(2u,+7d)=8 OR u;=—3d

attempt to solve linear or simultaneous equations

=-6,d=2

(A1)
At
(A1)
(mM1)
A1

(A1)
(A1)
(M1)
A1A1

[5 marks]



Question 7

(d)

- - 1 n
let P(n) be the proposition that Zarctan 52 = arctan j for neZ”
r n

r=1

consider P(1):

! 1 1
when n=1, Zarctan[;] =arctan[5)= RHS and so P(l] is true R1
r=1 r .
k 1 k
assume P(k) is true, ie. D arctan| — :afc‘ran(—] (keZ+) m1
e 2r k+1

Note:
Note:

Award MO for statements such as “let n=k".

Subsequent marks after this M1 are independent of this mark and can be
awarded.

consider P (k +1):

Z arctan ( LJ = i arctan ( LJ +arctan ; M1
2f) 4= ) 2(k +1) =

= arctan[iJ + arctan ;2 A1
k+1 2(k+1)

k 1
+ 2
k+1 2(k+1)

. M1
_1_(_Afi1][z(k1+1)2]

(k+1)(2k* + 2k +1)
2(k+1 -k

= arctan

= arctan

A1

Note:

Award A1 for correct numerator, with (k + 1) factored. Denominator does not
need to be simplified

. mmn[(k+1)(2ff2 + 2k+1)]

2K +0k> +5k+2

Note:

Award A1 for denominator correctly expanded. Numerator does not need to
be simplified. These two A marks may be awarded in any order

E+1)(2k* +2k+1
= arctan ( )( ) = arctan( k1 ] A1
(k+2)(2k +2k+1) k+2




P(k+l) is true whenever P(k) is true and P(!) is true, so

P(n) is true for ne 7* R1

Note: Award the final R71 mark provided at least four of the previous marks have

been awarded.
Note: To award the final R1, the truth of P(k) must be mentioned. ‘P(k) implies

P(k +1)" is insufficient to award the mark.

[9 marks]
Total [19 marks]

Question 8
a+p+a+ =k (A1)
k
[o4 +ﬁ = E
aff(a+p)=-3k (A1)
(ol .
4 N\ 2 8
k3
attempting to solve —§+ 3k =0 (or equivalent) for k (M1)
A1

k=246 (=~24)(k>0)

Jote: Award A0 for k = +2+/6 (i«/24).

[5 marks]



Question 9
EITHER
attempt to use the binomial expansion of (x + k)7

"Cx 'k + Cx°k + TCx°K +... (or "Gl X’ + 'CR X + TG +...)

identifying the correct term "C,x’k* (or "C.k*x*)
OR

attempt to use the general term C x"k"™ (or "C k"x"™")
r=2 (orr=35)

THEN

’C, =21 (or 'C; =21) (seen anywhere)
21x°k? =63x" 2IE* =63 4K =3)

k=+3

(M1)

(A1)

(M1)
(A1)

(A1)
A1
A1

Note: If working shown, award M1A1TA1A1AQ for k = «/5

[5 marks]



Question 10

attempt to subtract squares of integers (M1)
(n + 1)2 -n?

EITHER
correct order of subtraction and correct expansion of (n+ l):2 , seen anywhere A1A1

:n2+2n+1—n2(:2n+1)

OR
correct order of subtraction and correct factorization of difference of squares A1A17

:(n+l—n)(n+l+n)(:2}?+l)

THEN
=n+n+1 =RHS A1

Note: Do not award final A7 unless all previous working is correct.

which is the sum of n and n+1 AG

Note: If expansion and order of subtraction are correct, award full marks for
candidates who find the sum of the integers as 2n+1 and then show that
the difference of the squares (subtracted in the correct order) is 2n+1 .

[4 marks]



Question 10

(a)

(i)

.t 3
[He‘ﬁ-lJ

T .. W
=cos—+1isin—
2 2

Note:

Candidates who solve the equation correctly can be awarded the

above two marks. The working for part (i) may be seen in part (ii).

A1

A1

AG

(mM1)

(mM1)

A1

A1

[6 marks]



(b)

EITHER

b 4 Sn On

attempt to express elg, e

® 5 eT in Cartesian form and translate 1 unit in the

positive direction of the real axis (M1)
OR
attempt to express w;,w, and w, in Cartesian form (M1)
THEN
=
2 24
D
@
E
1_
B A
WI
W:
] 0 I 2 3
w, Real
g @
—

Note: To award A marks, it is not necessary to see A.B or C, the w, , or
the solid lines

A1A1A1

[4 marks]



(©)

(d)

valid attempt to find @, — @, (or @, —@,) m1

W~y = 1+£+11 —(1—1):£+§1 OR cos—-+isin—+isin—
2. 2 2 2 6 6 2

3 3.
valid attempt to find £+—1 M1
2 2
3.9
= —_4—
4 4
AC=43 A1
[3 marks]
METHOD 1

3
(2—1)3=iz3:>(Z]J =i m1
Z

iy A
(Z—J = A1
=z

L A1

Note: This step to change from z to @ may occur at any point in MS.

4
a—-l=qet

AG




METHOD 2

3
(2—1)3:123:>(Z_1J =i m1

iy &
(1--} —e? A1
Z

flasp A1

Note: This step to change from z to @ may occur at any point in MS.

l—e%zl

R

a= — AG



(e) METHOD 1

1 l

l—e% 1—[cosﬁ+isinﬁj
6 6

B 3

PeafBy
attempt to use conjugate to rationalise
_4-23+2i

(2—¢§f+1

_4-23+2i

T 843

= Re(a)=

r | —

final three A marks to be awarded

Note: Their final imaginary part does not have to be correct in order for the

m1

A1

m1

A1

A1

A1

[6 marks]



METHOD 2

1 |

& T .. T
]—e® 1—| cos—tisin—
¢ ( 6 GJ

attempt to use conjugate to rationalise

Ty .. O
l—cos— |+i1s1n—
1 [ 6) 6

= X

Ty .. b Y wa W
l1-cos— |—1sin— |1l—cos— |+1sIn—
6 6 6 6

T .. =@
l—cos— |+1smn—
[ 6) 6

2
l—cosE] +si11ZE
6 6

o
1—cos— |+1s1n—
{ 6] 6

T T . ,7
1—2cos—+cos’ —+sin> =
6 6 6

T\ . GE
l—cos— |+1sin—
_[ 6) 6

B T
2—-2cos—
6

< T
1SN —
6

2—2(:05E
(4}

= Re(a):%



METHOD 3

-i%
attempt to multiply through by —— M1
e 12
| e_%
1- eiE e% = e“%

A1
M1
T i T
cCos| —— |+1s1m| —
_ { 12] ( 12)
T W | T B T
COS—+1S1m——| CoS| —— |+1s1m| ——
12 12 [ ( 12) { IZD

s w AN
COS——1S5In—
= 39

A1
. 12 A1
2isin—
1 1 n[ 2 B ';TJ
Se=—r—00L— | =100l
2 21 12 2002 12
1
:>Re(o:)=§ A1

[6 marks]



Question 12

(@)

(b)

attempt to expand binomial with negative fractional power

8
1 (1-a)  (3d*+1),
——Jl—x= x+ x
Jl+ax 2 [ 8 ]

attempt to equate coefficients of x or x*

) il 17—a=4~1‘);x2 : 3a~+1:

. b
2 8

attempt to solve simultaneously

a=——,b=

N
376

|x|<l

(M1)

A1

A1

(M1)

(M1)

A1

[6 marks]
A1

[1 mark]
Total [7 marks]



Question 13

(@)

(b)

attempt to use discriminant 5* —4ac(> 0)
(2;})2 —-4(3p)(1-p)(>0)
16p° —12p(>0)
p(4p-3)(>0)
: - 3
attempt to find critical values | p=0, p= 1
recognition that discriminant > 0
3

<0or p>—
p P 4
Note: Condone ‘or replaced with ‘and’, a comma, or no separator
p=4=12x"+8x-3=0

_b¥b: —dae
valid attempt to use x = M (or equivalent)
d
s —8++/208
24
22413
6

a=-2

M1

(A1)

m1

(M1)

A1

[5 marks]

m1

A1

[2 marks]

Total [7 marks]



Question 14

attempt to use change the base
log, Jx = logT32 +log, (413)

attempt to use the power rule

log, \/x =log, /2 +log, (4x°)

attempt to use product or quotient rule for logs, Ina+Inb=Inab

log, Jx= log3(4x/§x3)

Note: The M marks are for attempting to use the relevant log rule and may be

applied in any order and at any time during the attempt seen.

-\/; = 4«/5353

x=32x°

1
X=
32
1

X ==

2

(mM1)

(m1)

(mM1)

(A1)

A1

[5 marks]



Question 15
(a) (i) EITHER

attempt to use a ratio from consecutive terms

~ =Inx
plnx 3

|
OR —Inx=(Inx)r* OR plnx=Inx
Inx plnx 3 3p

1

Note: Candidates may use Inx' +Inx? +1Inx® +_.. and consider the powers of x
in geometric sequence.

1
Award M1 for 2 i.
1l p

OR

1
r=p and r*=-

THEN

2 1 1

p == OR r=+—
3 A3

—+ 2

S -

Note: Award MOAO for * = 5 with no other working seen.

m1

M1

A1

AG



(i) EITHER

since, |p|:% and %d R1
OR
: 1
since, |p|:7 and —-1< p<1 R1
NG
THEN
— the geometric series converges. AG

Note: Accept » instead of .

Award RO if both values of P not considered.

(iii) 1“”‘; (=3+J§) (A1)
%
lnx=3——i+\/§—£ OR Inx=3-3+/3-1 (= hx=2) A1
3 3
R=0 A1l

[6 marks]



(b) () METHOD 1

attempt to find a difference from consecutive terms or from /,

correct equation

| 1
plnx—lnxzzlnx—plnx OR Eln_rzlnx+2(plnx—ln.r)

1

Note: Candidates may use Inx' +Inx” +1Inx® +... and consider the powers of x
in arithmetic sequence.

1
Award M1A1 for p—1 :5—;).

2plnx= ilnx (:> 2p:£J
3 3

PZE

METHOD 2

> : u, +u
attempt to use arithmetic mean u, =—4——

Mx+1Mx
plnx=

4
2plnx:§lnx (:> 9 pas

W | 4=
Sl

_2
P=3

m1

A1

At

AG

M1

At

A1

AG



(ih)

METHOD 3

attempt to find difference using i,
1 1
EMx:Mx+2d —>d=——Inx
.
L 1
uy,=Inx+— -lnx—Inx | OR plhx—Inx=-=Inx
213 3
2
Inx=—Inx
. 3

n ==
f 3

d=——Inx

M1

A1

A1

AG

A1



(i) METHOD 1

S = & 2Inx+(n —l)x(—llnxJ
2 3

1
attempt to substitute into S, and equate to lnL—B-J

X
EPlnx+(.*1r—l)><[—11n)c” = lr{%J
2 3 X

ln[%} =—Inx’ (:lnx’3)

X
=-3Inx

correct working with S,, (seen anywhere)

(M1)

(A1)

(A1)
(A1)

1 s »
E[Z]nx—ﬂlner—]nxJ OR nlnx—Mlnx OR £ lnx+{qunx
2 3 3 6 2 3

correct equation without Inx

7 o
E£__EJ—_3 OR n_”(”6 1)2_3 (or equivalent)

A1

Note: Award as above if the series 1+ p +—;-+_._ is considered leading to

LN
23 3

attempt to form a quadratic =0
n—7n—18=0

attempt to solve their quadratic
(n—=9)(n+2)=0

n=9

(M1)

(M1)

Al



METHOD 2

ln(—l;J =—Inx’ (: lnx_3)

X

=-3Ilnx

listing the first 7 terms of the sequence

Inx+§h1x+llnx+0—%h1x—§h1x—h}x+...

recognizing first 7 terms sum to 0

8t term is ot Inx

oth term is —% In x

sum of 8" and 9 terms =-3Inx

n=9

(A1)

(A1)
(A1)

M1

(A1)

(A1)

(A1)
A1

[12 marks]
Total [18 marKs]



Question 16

(@)

72, =(1+bi)((1-67)—(2b)i)
=(1-5% -2’0 ) +i(-2b+b—-b’)

=(1+6%)+i(-b-b")

M1

A1A1

Note:

Award A1 for 1+b* and A1 for —bi—h'i.

arg(zz, ) = arctan b0 2
S\a&)= 1+6° ) 4

EITHER

arctan (—b) =% (since 1+b* #0,forbeR)

OR

—b—b’=1+b" (or equivalent)

THEN
h=-1

[3 marks]

(M1)

A1

A1

A1
[3 marks]
Total [6 marks]



Question 17

Assume that ¢ and b are both odd. M1

Note: Award MO for statements such as “let « and b be both odd”.

Note: Subsequent marks after this M1 are independent of this mark and can be
awarded.

Then a=2m+!1 and b=2n+1 A1

a+b° =2m+1)7 +(2n+1)

=4m* +dm+1+4n*> +4n+1 A1
:4(m2+m+n2+n)+2 (A1)
(4(m2 +m+n*+ n) is always divisible by 4) but 2 is not divisible by 4. (or equivalent) R1
= a” +b” is not divisible by 4, a contradiction. (or equivalent) R1
hence a and b cannot both be odd. AG

Note: Award a maximum of MTAOAO(AO0)R1R1 for considering identical or two
consecutive odd numbers for @ and b .

[6 marks]



Question 18
EITHER
attempt to obtain the general term of the expansion

e 1 r 5 l n-r

T ="CA8¢) |-—| OR L..="C. .8+ (——) M1

r+l r ( ) ( ij r+l n-r ( ) zx ( )
OR
recognize power of x starts at 3n and goes down by 4 each time (M1)
THEN
recognizing the constant term when the power of x is zero (or equivalent) (M1)

3n 4 ! ;

y= ) or n= gr or 3n—4r=0 OR 3r—(n—-r) =0 (or equivalent) A1
r is a multiple of 3 (r = 3,6,9,...) or one correct value of n (seen anywhere) (A1)
n=4k,kel’ A1

Note: Accept » is a (positive) multiple of 4 or n=4,8,12,...
Do not accept n=4,8,12

Note: Award full marks for a correct answer using trial and error approach
showing n=4,8,12,...and for recognizing that this pattern continues.

[5 marks]



Question 19

(@) z, =ne
L JE O
Z,Z, =Ke FKE

L S i(a-6)
22, =hhe

Note: Accept working in modulus-argument form

(b) Rc(:'lz;)=rirzcos(aﬁ6) (=O)
a —0 =arccos0 (rl,rz >O)
aﬂ?:% (as 0<a—0<m)

so Z,0Z, is aright-angled triangle

() () EITHER

F

-
2 w A .
i[:_le'(“ 9)]:e3 (since 1, =r,)
2

“2

(A1)
A1

AG

[2 marks]

A1

A1

AG
[2 marks]

(mM1)

(mM1)

A1l



(ii)

LT
. b3 i 2 2
substitutes z, =z,e? into z;” +z,

EITHER

2n .1
i— i—
3

ed +1=e
OR

M1

A1

A1

A1

A1

AG



(d) METHOD 1

z+z,=—a and zz,=b (A1)
a’=z"+z'+2zz, A1
a’ =2zz,+22,(=3z2,) A1
substitutes b=z z, into their expression M1
a’>=2b+b OR a*=3b A1

Note: If 2, +Z, =—@ is not clearly recognized, award maximum (A0)ATATM1AO.

so a®—3b=0 AG
METHOD 2

z+z,=—a and zz, =b (A1)
(z+2,) =27 +2, +22.2, Al
(= —1—:1]2 =22z, + 7,2, (=32z,) Al

substitutes b=2zz, and z,+z, =—a into their expression M1
a’=2b+b OR a’=3b At

Note: If Z; +z, =—a is not clearly recognized, award maximum (A0)ATATM1AQ.

so a’ —3b=0 AG

[5 marks]
(e) a*-3x12=0
a=16 (= z'+6z+12=0) A1
for a=—-6:
5

Z =3+4/3i, Zy =3—+/3i and cz—ﬂ:—-;- which does not satisfy 0 <a—60 <1 R1

for a=6:

2 =—3—+3i. 2, =—3++/3i and a—&:% A1

so (for 0 <a@—6@ < 1), only one equilateral triangle can be formed from point O and

the two roots of this equation AG
[3 marks]

Total [18 marks]




Question 20

METHOD 1 (rearranging the equation)

assume there exists some & €7 such that 2¢° +6a+1=0

Note: Award M1 for equivalent statements such as ‘assume that « is an integer
root of 2¢” + 6a+1=0". Condone the use of x throughout the proof.

Award M1 for an assumption involving a” +3a + % =0.

Note: Award MO for statements such as “let's consider the equation has integer
roots...” “let @ €Z be aroot of 2a* +6a+1=0...”

Note: Subsequent marks after this M1 are independent of this M1 and can be
awarded.

attempts to rearrange their equation into a suitable form

EITHER
2’ +6a =—1
ae? =2a’ +6a is even

2a’ +6a =—1 which is not even and so @ cannot be an integer

Note: Accept ' 2a° + 6 =—1 which gives a contradiction’.

M1

M1

A1l
R1
R1



Question 21
(a) EITHER

recognises the required term (or coefficient) in the expansion (M1)

b’="C,x* OR b=7C, OR 'C,

, ! 7!
Ta1st | 2(7-2)!

correct working A1
Txb6x5x4x3x2x1 OR Tx6 OR Q
2x1x5x4x3x2x1 2! 2
OR
lists terms from row 7 of Pascal’s triangle (M1)
L2, A1
THEN
b=21 AG
[2 marks]
b) a=7 (A1)
correct equation A1
x® +35x* S +35x*
ol 2 T 00 of. N’ _ X +35x
correct quadratic equation A1

7x* —42x+35=0 OR x*-6x+5=0 (orequivalent)

valid attempt to solve their quadratic (M1)
6+4J(=6)" —4(1)(5
(x=1)(x=5)=0 OR «x= (8 —H(E)
2(1)
x=I =3 A1

‘ Note: Award final A0 for obtaining x =0, x=1, x=5.

[5 marks]
Total [7 marks]



Question 22

(@)

(b)

(n=1)+n+(n+1)
=3n

which is always divisible by 3

(Mrml)2 +n’ +(M+1)2 (= 0 =2n+1+n*+n°+2n+1)

attempts to expand either (n—l)2 or (n+1)2 (do not accept n* —1 or n* +1)
=3n"+2

demonstrating recognition that 2 is not divisible by 3 or % seen after correct
expression divided by 3

3n? is divisible by 3 and so 3n® +2 is never divisible by 3

OR the first term is divisible by 3, the second is not

2
OR 3[;«%%) aR > +2=n2+§

hence the sum of the squares is never divisible by 3

(A1)

A1
AG
[2 marks]

A1
(M1)

A1

R1

AG
[4 marks]

Total [6 marks]



Question 23

(@)

(c)

u, =12

valid approach to find d

u,—u,=9-12 OR recognize gradientis -3 OR attempts to solve
-33=12+15d

d=-3

A1
[1 mark]

(A1)
A1
[2 marks]

(mM1)

A1
[2 marks]
Total [5 marks]



Question 24

@ (i) zp=1+i

arg(z, )= arctan(1) =

Z_gse
4

Argand diagram.

(A1)

A1

Note: Accept any of these three forms, including an answer marked on an

(ii) m‘g{zﬂ)=arctan[ _ 1 J

n+n+l

(b) ()

attempt to use the compound angle formula for tan

tan{arctm(a) . arcran(b]) _ ran(arctan(a]]+tan[arctan[b)]

= ‘ran(arctm{a))tm(arctan(b))
_a+ b

1—ab

= arctan(a)+arctan(b) = ar-::tan( ki ]

l1—ab

(i) METHOD 1
arg(w )= arg(zﬂzi) N arg(zo) gz Mg{zi]

= arctan(]) + arctan(l]

=arctan(2)

A1l

[3 marks]

M1

A1

AG

M1

(A1)

Al

AG



(c) let m=0

LHS = arg(w, ) =arg(z,) = Mdan(l)[: EJ

RHS=arctan(1)[= %J s0 LHS = RHS

Note: Award RO for not starting at # = 0, for example by referring to the result in

(b} (ii) for n=1_ Award subsequent marks.

assume true for 7=k, (so arg(w, ) =arctan(k+1))

Note: Do not award M1 for statements such as “let n=k"or*n==% is true".

Subsequent marks can still be awarded.

arg (W, )

= arg (W, 2, )(= arg(w, ) +arg(z,, ))

=arctan (k +1)-+arctan 5 .
(k+1) +(k+1)+1

(k+1)+ A
k+1 3 k+1)
= arctan

k+1
k+1 k+1

(k+1)+
k +3k+3

k+] e
k +3k+3

(k+])(k2+3k+3]+1
: (k2+3k+3]—(k+1) ]

= arctan

= arctan

R1

M1

(M1)

A1

M1

(A1)



3 2
=arctan(k +4k +6k+4] A1

K +2k+2
(k+2){k2 +2k+ 2)
= arctan 5 A1
kE°+2k+2

=arcta.n(ft+2)(= arctan((k +1)+1)) A1

since true for =0, and true for n =k +1 if true for » =k, the statement is

true for all n e ™ by mathematical induction R1

Note: To obtain the final R1, four of the previous marks must have been
awarded.

[10 marks]

Total [18 marks]



Question 25

@ @ 5
=125

(iy B =5x4x3

=60

(b) () METHOD 1

x24+3x+2=(x+1)(x+2)

correct use of factor theorem for at least one of their factors
P(-1)=0 or P(-2)=0

attempt to find two equations in a.b and ¢

(=1) +a(=1) +b(=1)+c=0(=>~1+a-b+c=0)

(=2) +a(=2)" +b(=2)+c=0

—8+4a-2b+c=0 and -1+a-b+c=0

attempt to combine their two equations in —8+4a —2bh+c¢ =0 to eliminate ¢

b=3a-7

(A1)

A1

(A1)
A1

[4 marks]

(A1)

(mM1)

(M1)

A1
(M1)

A1



(iii)

METHOD 2

P(x) =x' +ax’ +bx+c = (x2 +3x+2)(x+d)
=x"+(3+d)x +(2+3d)x+2d

attempt to compare coefficients of x* and x
a=3+d and b=2+3d

attempt to eliminate d

=b=3a-7
METHOD 1

a=1,2.5 lead to invalid values for b
a=3,b=2= c¢=0 so not possible

so a=4,b=5,c=2 is the only solution
METHOD 2

c=2a-6

correctly argues a =4 is the only possibility

so a=4,b=5,c=2 is the only solution

x3+4xz+5x+2=(x2 +3x+2)(x+1)

=(x+2)(x+1)(x+1)

(M1)

(A1)

(mM1)
A1
(mM1)

A1

R1
R1

AG

R1

R1

AG

A1



s
2
Pl S x
2 -1 0
positive cubic shape with y-intercept at (0,2) A1
x-intercept at (—2,0)and local maximum point anywhere between x=-2 and x=-1 A1
local minimum point at (—1,0) A1

ote: Accept answers from an approach based on calculus.

[12 marks]

Total [16 marks]



Question 26

(@) product of roots =80 (A1)
3—1 is aroot (A1)
attempt to set up an equation involving the product of their four roots and +80 (M1)
(3+i)(3—-i)a’ =80=10a" =80
=) A1

[4 marks]

(b) METHOD1
sum of roots =—p (A1)
—p=3+i+3-i+2+4 (m1)

Note: Accept p=3+i+3-i+2+4 for (M1)
p=-12 A1
METHOD 2
(:—(3+i])(:—(3—i])(:—Z](:—4) (M1)
((z-3)-1)((z-3)+i)(z-2)(z-4) (A1)
(22 —62+10)(>—6z+8)=z*—12 + .
p=-12 A1

[3 marks]

Total [7 marks]





