Topic Z4 Complex numbers (Pre-TT B) [54] MARKSCHEME

Uses De Moivre’s theorem AO3.1a M1 .
(cos6+ising)’ = J_(1_1)
Equates real and imaginary parts | AO1.1a A1 = 0856 +18in56 _T(1_1)
and obtains two equations
1 1
0SS5 =—= SiNSf=—7r
Deduces that the smallest possible | AO2.2a AlF 2 V2
value of 56 is I
4 56 =)~
FT from ‘their’ equations provided ( I
M1 has been awarded
in
6 = E
Obtains the smallest possible value | AO1.1b AlF
of 8 from fully correct reasoning
FT from ‘their’ 58 provided M1 has
been awarded
Total 4
(a) Commences an argument by AO1.1a M1 1 1 .. 1 1 e
correctly expanding brackets and (=3¢"X 1 )
simplifying final term to 1/16 ne e 1
=1——e" ——e™ +—
4 16
17 1
Substitutes correctly for both AO1.1b Bl | =73 z(c0s20+isin 29)-—(°°S 20-isin20)
e?°and e in terms of cos 26 17 1
. =———C0s26
and sin 26 (seen anywhere in 16 2
solution) 1
=—(17-8cos 26)
16
Completes argument and reaches | AO2.1 R1 AG
stated result by collecting terms
and simplifying correctly, no
errors in working seen AG
(b) | Identifies series as a geometric Geometric series with first term 7 = e”*
series and states first term and AO1.1b A1 1
common ratio correctly ) and common ratio a =ze2’9
States and uses sum to infinity AO1.1b A1F

formula correctly

FT incorrect values for first term
and common ratio




1=:(e:_’ln—l)

z= ,l Lk=1234

2k gy
e’ -1

Al If BO, then give Al ft for correct
solution plus k=0

[51

(c) | Deduces that the series in part (c) | AO2.2a R1 Series stated = real part of the series
is related to the real part of the sis 1 a4is 1 85 1 gis
series in part (b) e e r—e v —e 4
4 16
Selects an appropriate method by | AO3.1a M1 Using resukt from previous pa11rt
using the result in part (b) and 240 06 (1—-—e29)
multiplying appropriately to € - € X 4
realise the denominator 1 1 e (1- 1 e?%) (1- 1 e°%i%)
4 4 4
2i6
Substitutes to obtain an AO1.1b A1F € 7
expression with cosines and = 1 2 1 e
sines only — using part (a) ( —Ze (1 —ze )
FT incorrect sum to infinity 26—1 isin 26
provided M1 has been awarded cos 4 s
%(17 —8cos 26)
Identifies the real part and AO2.1 R1 Real part =
correctly completes the argument 1
to reach the stated result. cos 26 7 16cos 26 —4
Only award for an error-free fully il (17 —8cos 26) 17 -8cos 26
correct solution 16
(d) | Identifies the imaginary part and AO2.2a R1 Required series =imaginary part of the
states the correct expression given series hence
sin26 _ 16sin26
1 17—
— (17 —8c0s 26) 17—-8cos 26
16
Total 10
3.
) l,e%“,e%”',e%“,ﬁ“ oe polar form M1 Attempt roots e.g. gives roots in an incorrect form.
Al
_ [2]
@i 2 =(:+l)5=:5+5:4+10:3+10:2+5:+1 M1
524 +102° +102% +52+1=0 Al
soz+l=ze ™ k=01234 M1
k=0 no solution B1 soi




4.
@

(i)

(iii)

cos60=0= 66 = kx%/t M1 For multiples of %/r seen or implied
= g=ll’;;{1__ 3.5,7.9,11} Al Al for any 3 correct
- Al 3 Al for the rest, and no extras in
U L2 S
METHOD 1
For expanding (c+is)®
- 6 _ 6 1o 42 246 M1 L
Re(c+15)" =cos6f=c" —15¢"s” +15¢"s" —s at least 4 terms and 2 binomial
coefficients needed
Al For 4 correct terms
C0569=66—1564(1—62)+1562(1—62)2—(1—62)3 M1 For using sP=1-¢°
=>cos66 =32¢° —48c% +18¢7 -1 Al For correct expression for cos66
=>cos66 = 2c? -1)(16¢* ~16¢? +1) A1 5 Forcomectresult AG
(may be written down from
correct cos 66 )
METHOD 2
Ml For expanding (c+is)3
Re(¢:+i::)3 =cos36 = cos” @ —3cosBsin’ @ at least 2 terms and 1 binomial
coefficient needed
Al For 2 correct terms
=>cos 66 = cos 20(<:os2 26-3sin’ 20) M1 For replacing &by 26
: s o
=>c0560=(2c0520—1)[4(2c0526—1) —3] Al For correct expression 1n cosé
: (unsimplified)
350569:(352—1)(1564—1602 +1) Al For correct result AG
(i) METHOD1
cos66=0 M1l For putting cos66=10
= 6 roots of cos66'= 0 satisfy Al For association of roots with quartic and
16c* —16c2 +1=0 and 2¢> -1=0 quadratic
But 6=17 37 satisfy 2c -1=0 B1 For correct association of roots with
e quadratic
EITHER Product of 4 toots OR c=+142+y3 M1  Forusing product of 4 roots
& OR for solving quartic
= COS%II cos%lr cos%fr cos%lf = % Al 5 For correct value (may follow A0 and
B0)
METHOD 2
cos66=0 M1 For putting cos66=10
= 6 roots of cos66= 0 satisfy Al For association of roots with sextic
32¢% —48c% +18c2 —1=0
Product of 6 roots = M1 For using product of 6 roots
1, = )
cos%lf.ﬁ.cos%l{ cosﬁlr.T;.cos%Ir=—% Bl For using cos{%ﬂ, %”}z{_ﬁ%}
cos%lr cos%lr cos%lr cos%lr e % Al For correct value




5.

@ EITHER 1+ 0+ 0> M1 For result shown by any correct method AG
2
=sumofrootsof(:3—l=0)=0 Al 2
OR & =1= (0-1)(0° +0+1)=0
S1i0+0° =0 (foro=1)
OR sumof G.P.
3 ,
1+o+o _1_0) (=LJ=0
1-o 1-®
OR shown on Argand diagram
or explamed in terms of
4 vectors
OR
1+cis2 5 n+c153't 1+(_T # ) ( %—#i) =0
(“) Multiplication by @ = rotation through ?ﬂ O Bl For correct interpretation of x by @
(allow 120° and omission of, or error in, ()
— — B1 For identification of vectors so1
71-23=C4. z3-2=BC (1gnore direction errors)
— — S :
BC rotates through%— 7 to direction of CA4 M1 For linking BC and CA by rotation of %7[ OR @
A ABC has BC = CA. hence result Al 4  For stating equal magnitudes = AG
(iii) (i) =z + @z -(1+@)z3 =0 M1 Forusing 1+ o+> =0 in (i)
l+o+e’ =0 I] + @2y +(02:3 =0 Al 2 Forobtaining AG

6.
(i) " z may be used for *® throughout
Sme‘_(l e ) B1 For ex ion for sinf implied
pression for sinf seen or implie
. 6
M1 For expanding (e‘e -0 )
sin® 6= At least 4 terms and 3 binonual coefficients
required.
—é(eéie —6e¥ +15¢7® —20+15¢ 7 —6e7H° + ‘6“") For correct expansion. Allow +6(;) ( ...... )
Al
= —é (2cos68—12cos48+30c0s26-20) Ml For grouping terms and using multiple angles
sin® 6= —-L(cos66—6cos46+15c0s26-10) Al 5  For answer obtained correctly AG
(i) cos® 6= ORsin® (ln - e) = M1 For substltutmg ( - 9) for 6 throughout
-5 (cos(31t 66) —6cos(2m—46) +15cos(n—26)—-10)
Al For correct unsimplified expression
cos® 6= —(cos 66+6cos46+15c0s26+10) Al 3  For correct expression with cosn6 terms AEF
(iii) j(: %5 (~2c0s66-30c0s 26) d6 B1V  For correct integral. ft. from sin®6—cos® 8
=—#[6sm66+75 m,,e:lf" M1 For integrat%ng cosr.we, sinnf or e."fe
- 0 A1V For correct integration. ft. from integrand
=— % Al 4 For correct answer WWW

12




