AAHL_Paper_3_QP [55 marks]

1. [Maximum mark: 25]

(a) (2]
Markscheme

correctgraphof y = fi(x) A1

correctgraphof y = f3(x) A1

1.54V
1 &

. X

-1.5 i 1.5
1.5
[2 marks]
(b.i) [3]

Markscheme

graphical or tabular evidence that 1 has been systematically varied ~ M1
eg = 3, 1 local maximum pointand 1 local minimum point
1 =5, 2 local maximum points and 2 local minimum points

N = 7,3 local maximum points and 3 local minimum points (A1)



"T_l local maximum points A7

[3 marks]

(b.ii) [1]
Markscheme

nT_l local minimum points A1

Note: Allow follow through from an incorrect local maximum formula

expression.

[1 mark]

(0) (2]
Markscheme

correctgraphof y = fa(x) A1

correctgraphof y = fy(x) A1

1.5¢Y

Nk

-1.5

[2 marks]



(d.i) [3]
Markscheme

graphical or tabular evidence that 1 has been systematically varied M1
eg 1 = 2,0 local maximum pointand 1 local minimum point
1 =4, 1 local maximum points and 2 local minimum points

1 = 6, 2 local maximum points and 3 local minimum points (A1)

n—2

5 local maximum points A1

[3 marks]

(d.ii) [1]
Markscheme
- local minimum points A1
[1mark]

(e) (4]
Markscheme
fn(x) = cos (narccos (z))

n sin(n arccos(z))

fi(x) = T MIAT

Note: Award M1 for attempting to use the chain rule.
fi'(z) =0 = nsin (narccos (z)) =0 M

narccos (x) =kr (k€ Z%) m



leading to
T = cos% (k € ZTando<k<n) AG

[4 marks]

(f) [2]
Markscheme

fo(z) = cos (2 arccos x)

= 2(cos (arccos :13))2 —1 m
stating that (cos (arccosz)) = = A1
so fo(z) =222 — 1 46

[2 marks]

(9) [2]

Markscheme

frnsr1(x) = cos ((n + 1) arccos x)
= cos (narccos x + arccosx) Al
use of cos(A4 + B) = cosAcos B —sinAsin Bleadingto M1

= cos (n arccos x)cos (arccos z) — sin (n arccos x)sin (arccos )
AG

[2 marks]



(h.i) [3]
Markscheme

fr-1(z) = cos ((n — 1) arccosz) A1

= cos (n arccos x)cos (arccos ) + sin (n arccos x)sin (arccos )
M1

far1(z) + frno1(x) = 2 cos (narccos z)cos (arccos ) A1
=2zf,(z) A6

[3 marks]
(h.ii) (2]
Markscheme
f3(@) = 2zf2 () — fu(z) M)
:233(2332—1) —x

— 473 — 3z A1

[2 marks]

[Maximum mark: 30]

(a) [2]
Markscheme

*This sample question was produced by experienced DP mathematics

senior examiners to aid teachers in preparing for external assessment in the



new MAA course.There may be minor differences in formatting compared
to formal exam papers.

(3+4i)(1—2i)=11—2i

M1)A1
[2 marks]
(b) [3]
Markscheme
o 41 38
a = 25 51 (MDAT
(Since Re% (: ;—é) and/orlm% (: —%) are notintegers)

% isnota Gaussian integer  R1

Note: Award R1 for correct conclusion from their answer.

[3 marks]

(0) [2]

Markscheme

+1, +1i, Oplotted and labelled A7

1+1i, — 14 iplottedandlabelled A7

Note: Award A740 if extra points to the above are plotted and labelled.



[2 marks]

(d) (1]

Markscheme

|z| = Va2 + b% (andas N(z) = ]z‘z) A1

thenN(a) = a? + B> 16

[1mark]

(e) (3]

Markscheme

A+ d?=(c+di)(c—di) a

and N(c +di) = N(c — di) = ¢ + d?
N(c+di), N(c — di) > 1(since ¢, dare positive)

so c2 4 d?isnota Gaussian prime, by definition

[3 marks]

(f) [2]

Markscheme

R1



2(=12+1%) = (1+i)(1 —i) @
N1+i)=N1-i)=2

so 2isnota Gaussian prime  AG

[2 marks]

(9) [2]

Markscheme

Forexample,5(: 12+ 22) = (1+2i)(1 —2i) mnar

[2 marks]

(h) [6]
Markscheme

METHOD 1

Lleta = m + niand B = p + qi

LHS:

af = (mp — ng) + (mg +np)i M

N(aB) = (mp —ng)* + (mq+np)® a1

(mp)® — 2mnpq + (nq)’ + (mq)* + 2mnpq + (np)° a1

(mp)* + (ng)” + (mq)* + (np)” a1



RHS:

N(a)N(B) = (m*+n?) (P +¢) M
(mp)® + (mg)”* + (np)”* + (ng)® M1
LHS=RHSandso N (af) = N(a)N(B) 46

METHOD 2
Leta = m + niand B = p + qi

LHS

[3]
Markscheme

N(1+ 4i) = 17 whichisaprime(inZ) R



if 1 +4i = afBthen17 = N(afB) = N(a)N(B) &1
we cannothave N(a), N(8) > 1 R

Note: Award R for stating that 1 + 41iis not the product of Gaussian
integers of smaller norm because no such norms divide 17

so 1 + 4iisa Gaussian prime  AG

[3 marks]

(j) (6]
Markscheme

Assume D is not a Gaussian prime

= p = afwhere a, BareGaussian integersand N (), N(5) > 1
M1

= N(p) = N(a)N(B) m
p*=N(a)N(B)

ltcannotbe N (at) = 1, N(B) = p?from definition of Gaussian prime
R1

hence N(a) = p, N(B) =p RI

Ifa = a + bithen N(a) = a® 4 b* = pwhichisa contradiction
R1



hence a prime number, p, thatis not of the form a® + b?isa Gaussian
prime  AG

[6 marks]
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