Ch.1 Complex Numbers

Complex Numbers

Questions

Q1.

() The complex number w is given by

p —4i

2 - 3i

w =

where p is a real constant.
(&) Express w in the form a + bi, where a and b are real constants.
Give your answer in its simplest form in terms of p.

w

Given that arg w = 4
(b) find the value of p.

(i) The complex number z is given by

z=(1-A)4 + 3i)

where A is a real constant.
Given that

|z| = 45

find the possible values of A
Give your answers as exact values in their simplest form.

(Total for question = 8 marks)



Ch.1 Complex Numbers

Q2.

Given that 4 and 2i — 3 are roots of the equation
x2+ax?+bx-52=0
where a and b are real constants,

(@) write down the third root of the equation,

(b) find the value of a and the value of b.

(Total for question = 6 marks)



Ch.1 Complex Numbers

Q3.

(i) The complex number w is given by

“_‘/}—41

T 23

where p is a real constant.
(a) Express w in the form a + bi, where a and b are real constants.
Give your answer in its simplest form in terms of p.

w

Given thatarg w = 4
(b) find the value of p.

(i) The complex number z is given by

z=(1-A)@4 +3i)

where A is a real constant.
Given that

|z| = 45

find the possible values of A
Give your answers as exact values in their simplest form.

(Total for question = 8 marks)



Ch.1 Complex Numbers

Q4.

Given that 4 and 2i — 3 are roots of the equation
x2+ax?+bx-52=0
where a and b are real constants,

(@) write down the third root of the equation,

(b) find the value of a and the value of b.

(Total for question = 6 marks)



Ch.1 Complex Numbers

Q5.
fo)=z'-6+pz* +qgz+r

where p, g and r are real constants.
The roots of the equation f(z) =0 are a, 8, yand 6 wherea=3and =2 +i
Given that y is a complex root of f(z) = 0

(@) (i) write down the root y,

(i) explain why é must be real.

(b) Determine the value of &.
(c) Hence determine the values of p, g and r.

(d) Write down the roots of the equation f(—2z) = 0

(Total for question = 9 marks)
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Q6.

Given that z = a + bi is a complex humber where a and b are real constants,

(&) show that zz* is a real number.

Given that
e zz¥ =18

z 1. 42,
° '§—6 9 !

(b)

determine the possible complex numbers z

(Total for question = 7 marks)
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Q7.

Let

f(z) =28 -8z2+pz - 24
where p is a real constant.
Given that the equation f(z) = 0 has distinct roots

12 .
a. B and (a»f——ﬂj

a
(&) solve completely the equation f(z) =0

(b) Hence find the value of p.

(Total for question = 8 marks)
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Q8.

Let

f(z)=z8+pz2+qz-15
where p and g are real constants.
Given that the equation f(z) = 0 has roots

aui and [a+i—1}
o o J
(@) solve completely the equation f(z) =0

(b) Hence find the value of p.

(Total for question = 7 marks)



Ch.1 Complex Numbers

Qo.

Let

4
1 +1
Find, in the form a + ib where a, b€ R
(@) z

(b) 2
Given that z is a complex root of the quadratic equation x? + px + g = 0, where p and g are

real integers,
(c) find the value of p and the value of g.

(Total for question = 7 marks)
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Q10.

4
1 +1
Find, in the form a + ib where a, b€ R
(@) z

(b) 2
Given that z is a complex root of the quadratic equation x? + px + g = 0, where p and g are

real integers,
(c) find the value of p and the value of g.

(Total for question = 7 marks)
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Mark Scheme — Complex Numbers

Q1.

Question Scheme Marks
Number
1 ¢ (1)(a) and (1)(b) together.
® Mark (1)(a) and (1)(b) togeth
p—4 T
w= - agw= —
2-3 4
(@ (p—4i) (2+31) (2+31) | Ml
) W=- X ' Multiplies by
Wayd (2-31)  (2+3i) P (2+31)
(2p+12) (3p-8)\. At least one of either the real or imaginary | Al
= 13 )7 | B M part of w 1s correct. Must be expanded but
' could be unsimplified e.g. expressed as
single fraction. Condone a +1b.
Correct w n its simplest form. | Al
[3]
(@ (a+1B)(2-31) = (p—4i)
Way 2
2a+3b=p Multiplies out to obtain 2 equations in two | M1
3a—2b=4 unknowns.
(2p+12Y (3p-8). At least one of either the real or imaginary | Al
= 13 )7 ‘ B M part of w 1s correct. Must be expanded but
' could be unsimplified e.g. expressed as
single fraction. Condone a +1b.
Correct w 1n 1ts simplest form. | Al
3]
(b) [ ) Sets the numerators of the | M1
jargw= 5 = 2p+12=3p-8 oe. seen anvwhere. real part of their w equal to
£ the imagmary part of their w
or if arctan used. require
evidence of tan% =1
= p=20 p=20 | Al
. : : 2]
(11) z=(1-A1)(4+31) and|z|=45
Way 1 m m Attempts to apply [(1 - A1)(4 + 3i)| = JF m M1
,/1 +A2 ,[43 +3* =45 Correct equation. | Al
{=9-12} i=24 1=+44f5 | Al
, [3]
Way2 [ z=(@+30)+3-41 Attempt to multiply out. group real and | M1
3 3 imaginary parts and apply the modulus.
J@E=32 +(3-4a) snane PPo
(4+32)° +(3-42)=45" or Correct equation. | Al
J(@d+32) +(3-42)° =45
{16+244+92%+9-244+164% = 2025} Condone 1f muddle terms in
) expansions not explicitly stated.
{2547 =2000 2} 2=+445 A=%4.5 | Al
[3]
8
Question Notes
(11) M1 Alsoallow (1+4%)(4* +3%) for M1.
M1 Alsoallow (4 +32)° = (3 —44)* for M1.
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Q2.
Question Scheme Marks
Number
X +at+bx—52=0, a.bel, 4and 2i-3 areroots
@) -21-3 —21—3 seen anywhere in solution for Q6. | Bl
1]
(b) (x—(21-3))(x="(=21—-3)"); = x* + 6x+13 or Must follow from their part (a). Any | M1;
Way 1 : 2 L5 incorrect signs for their part (a) 1n mitial | Al
x="32%A=x+3) =4 =x" +6x+13(=0)  atement award MO; accept any equivalent
(x—4)(x—(21-3)): = X2 —(1+21)x+4(21-3) expanded expression for Al.
(x—4)(x="(-21-3)"); = x* —(1-21)x + 4(~2i—3)
(Jr—4)(x2 +6x+l3) {=x3+ax2+bx—52} ('x—3"’ root)(theirquadratic) .| ML
Could be found by comparing coefficients
from long division.
a=2.b=—110r ¥ +2x* -11x - 52 Atleast one of =2 or b=-11 | Al
Botha=2 and b=-11 | Al
, [5]
(b) Sum = (21—-3)+"(-21-3)"=-6 Attempts to apply either | M1
Way2 | product = (21-3)x"(-2i-3)"=13 x> —(sum roots)x + (product roots) =0
So quadratic is x* +6x+13 or x* —2Re(a)x + |¢x2|=0
X’ +6x+13 | Al
(Jc—4)(x2 +6x+l3) {=x3+ax2 +bx — 52} (x—3“'l root)(their quadratic) | M1
a=2.b=—110or ¥ +2x* —11x - 52 Atleast one of a=2 or b=-11 | Al
Both a=2 and b=-11 | Al
[51
® (2i-3)’ +a(2i-3)" +b(21—3)-52=0
Way 3 | 5a—3b=43 (real parts) and 6a—b=23 Substitutes 2i—3 into the displayed | M1
(imaginary parts) or uses f{4) = 0 and f{a complex equation and equates both real and
root) = 0 to form equations 1n a and 5. imaginary parts.
Sa—3b=43 and 6a—b=23 or | Al
16a+4b=-12 and
(2i-3)*+a(2i—3)*+b(2i—3) -52=0/
(=2i-3)*+a(-2i—3)* +b(-2i—-3) =52 =0
Soa=2b=—11o0r ¥ +2x*-11x-52 Solves these equations simultaneously to find | M1
at least one of either a=...or b=...
Atleastone of a=2 or b=-11 | Al
Both a=2 and b=-11 | Al
_ (5]
(b) b = sum of product pairs Attempts sum of product pairs. | M1
‘Vay4 — =l +4"(=21=3Y"+(2i—3)"(=2i —3)"
4(21-3)+4"(-21-3)"+(21—-3)"(-21-3) Sisersaeaee M
a =—(sum of 3 roots) =—(4 + 21 —3"-21-3") Adds up all 3 roots | M1
a=2.b=—110r ¥ +2x* -11x—52 Atleastone of =2 or b=-11 | Al
Both a=2 and b=-11 | Al
[5]
(b) Uses f{4)=0 M1
Way 5
16a+4b=-12 Al
a=—(sum of 3 roots) =—(4 + 21 —3"-21-3") Adds up all 3 roots | M1
a=2_ bh=—11or X +2x -11x =52 Atleastone of @a=2 or b=-11 | Al
Both a=2 and b=-11 | Al
[5]
6




Ch.1 Complex Numbers

Q3.

Question Scheme Marks
Number
(1) Mark (1)(a) and (1)(b) together.
p—4 /4
W= : argw= —
2-3 4
(@) (p—41) (2+31) (2+31) | M1
) W=- X ' Multiplies by
Yoy (2-31)  (2+3]) DI (2+3)
(2p+12) (3p-8)\. At least one of either the real or imaginary | Al
= l 13 )7 l B M part of w 1s correct. Must be expanded but
' could be unsimplified e.g. expressed as
single fraction. Condone a +1b.
Correct w 1n 1ts simplest form. | Al
[3]
(@ (a+1B)(2-31) = (p—4i)
Way 2
2a+3b=p Multiplies out to obtain 2 equations in two | M1
3a—2b=4 unknowns.
(2p+12Y (3p-8). At least one of either the real or imaginary | Al
= ‘ 13 )7 ‘ B M part of w 1s correct. Must be expanded but
' could be unsimplified e.g. expressed as
single fraction. Condone a +1b.
Correct w 1n 1ts simplest form. | Al
3]
(b) ) 7 ] Sets the numerators of the | M1
jargw= 5 = 2p+12=3p—-8 o.e. seen anywhere. real part of their w equal to
7 £ the imagmary part of their w
or if arctan used. require
evidence of tan% =1
= p=20 p=20 | Al
. : . (2]
(11) z=(1-A1)(4+31) and|z|=45
Way 1 Jl +A° \/42 +3 Attempts to apply [(1— A1)(4 + 3i)| = Jl +2° J'—lz 3 | Ml
122 Ja2 :3% — 45 Correct equation. | Al
{=9-12} i=24 A==445 | Al
[31
Way2 [ z=(@+30)+3-4) Attempt to multiply out. group real and | M1
3 5 imaginary parts and apply the modulus.
J@+32) + 3-42)° ginary p pply
(4+32)° +(3-42)=45" or Correct equation. | Al
J(@d+32) +(3-42)° =45
{16+244+92%+9-244+164% = 2025} Condone 1f muddle terms in
) expansions not explicitly stated.
{2547 =2000 2} 2=+445 A=%4.5 | Al
[3]
8
Question Notes
(11) M1 Alsoallow (1+4%)(4* +3%) for M1.
M1 Alsoallow (4 +32)° = (3 —44)* for M1.
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Q4.
Question Scheme Marks
Number
X +at+bx—52=0, a.bel, 4and 2i-3 areroots
@) -21-3 —21—3 seen anywhere in solution for Q6. | Bl
1]
(b) (x—(21-3))(x="(=21—-3)"); = x* + 6x+13 or Must follow from their part (a). Any | M1;
Way 1 : 2 L5 incorrect signs for their part (a) 1n mitial | Al
x="32%A=x+3) =4 =x" +6x+13(=0)  atement award MO; accept any equivalent
(x—4)(x—(21-3)): = X2 —(1+21)x+4(21-3) expanded expression for Al.
(x—4)(x="(-21-3)"); = x* —(1-21)x + 4(~2i—3)
(Jr—4)(x2 +6x+l3) {=x3+ax2+bx—52} ('x—3"’ root)(theirquadratic) .| ML
Could be found by comparing coefficients
from long division.
a=2.b=—110r ¥ +2x* -11x - 52 Atleast one of =2 or b=-11 | Al
Botha=2 and b=-11 | Al
, [5]
(b) Sum = (21—-3)+"(-21-3)"=-6 Attempts to apply either | M1
Way2 | product = (21-3)x"(-2i-3)"=13 x> —(sum roots)x + (product roots) =0
So quadratic is x* +6x+13 or x* —2Re(a)x + |¢x2|=0
X’ +6x+13 | Al
(Jc—4)(x2 +6x+l3) {=x3+ax2 +bx — 52} (x—3“'l root)(their quadratic) | M1
a=2.b=—110or ¥ +2x* —11x - 52 Atleast one of a=2 or b=-11 | Al
Both a=2 and b=-11 | Al
[51
® (2i-3)’ +a(2i-3)" +b(21—3)-52=0
Way 3 | 5a—3b=43 (real parts) and 6a—b=23 Substitutes 2i—3 into the displayed | M1
(imaginary parts) or uses f{4) = 0 and f{a complex equation and equates both real and
root) = 0 to form equations 1n a and 5. imaginary parts.
Sa—3b=43 and 6a—b=23 or | Al
16a+4b=-12 and
(2i-3)*+a(2i—3)*+b(2i—3) -52=0/
(=2i-3)*+a(-2i—3)* +b(-2i—-3) =52 =0
Soa=2b=—11o0r ¥ +2x*-11x-52 Solves these equations simultaneously to find | M1
at least one of either a=...or b=...
Atleastone of a=2 or b=-11 | Al
Both a=2 and b=-11 | Al
_ (5]
(b) b = sum of product pairs Attempts sum of product pairs. | M1
‘Vay4 — =l +4"(=21=3Y"+(2i—3)"(=2i —3)"
4(21-3)+4"(-21-3)"+(21—-3)"(-21-3) Sisersaeaee M
a =—(sum of 3 roots) =—(4 + 21 —3"-21-3") Adds up all 3 roots | M1
a=2.b=—110r ¥ +2x* -11x—52 Atleastone of =2 or b=-11 | Al
Both a=2 and b=-11 | Al
[5]
(b) Uses f{4)=0 M1
Way 5
16a+4b=-12 Al
a=—(sum of 3 roots) =—(4 + 21 —3"-21-3") Adds up all 3 roots | M1
a=2_ bh=—11or X +2x -11x =52 Atleastone of @a=2 or b=-11 | Al
Both a=2 and b=-11 | Al
[5]
6




Ch.1 Complex Numbers

Q5.

Question Scheme Marks AOs

(@)@ % Bl 1.2

(ii) Roots of polynomials with real coefficients occur in conjugate pairs,
S and y form a conjugate pair, a is real so ¢ must also be real.
or
Quartics have either 4 real roots, 2 real roots and 2 complex roots or
4 complex roots. As 2 complex roots and 1 real root therefore so 6 Bl 2.4
must also be real.
or
As areal and only one root J remaining, if complex it would need to
have a complex conjugate, which it can’t have so must be real

2
(b) a+pfB+y+5=6
= 3+2+i+2-i+6=6>5=... Ml | 31a
o=-1 Al | L1b
(2

© £(z)=(z-3)(z+1)(z-(2+1))(z—-(2-1)) =.-

Altemative

pair sum =(3)(2+1)+(3)(2-1)+(3)(-1)+(-1)(2+1)
+(-1)(2-1)+(2+1)(2-i) =...{10} Ml | 3.1a
triple sum =(3)(2+1)(2-1)+(3)(-1)(2+1)

product =(3)(2+1)(2-1)(-1)=...{-15

=(z#-2z-3)( -4z+5)
. . i Al 1.1b
=z'—62°+10z" +2z-15 Al 1.1b
p=10,¢=2,r=-15

3)
@) g 3 Blft | L1b
2" 2
:=—1i;i Bift | 1.1b
- @

(9 marks)
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Notes

(a)()

B1: Correct complex number

(a)(i1)

B1: Correct explanation.

(b)

MI1: Uses 2 =1 and 1 together with the sum of roots == 6 to find a value for 6
Al: Correct value

(©)

M1: Uses (z — 3) and (z — their d) and their conjugate pair correctly as factors and makes an
attempt to expand

Alternatively attempts to find the pair sum. triple sum and product

Al: Establishes at least 2 of the required coefficients correctly

A1l: Correct quartic or correct constants

@ ‘

Bi1ft: For —% and —% as the real roots

B1ft: For —1 —% and _T/ as the complex roots




Ch.1 Complex Numbers

Q6.

(a) z #*= @ — bithen zz *= (a + bi)(a — bi) =... Ml 1.1b
zz *= a® + b? therefore. a real number Al 24
(2)
. : ; 2_p2 : : 2 2
N T R

9 z* zz* 18
: M1 1.1b
22 =14 4+8v2i or a+bi= (g+47"7’)(a—bi) = .+..i

Forms two equations from a® + b% = 18 or M1 3 1a
a?-b?> _ 7 _a®-b® _7 _2ab _ 42 _ 2ab _ 42 _7 &z ]
T A s T e e gethon| Al | 1db
Solves the equations simultaneously
2 =l 5 2 ) dM1 1.1b
eg a“+ b° = 18 and a® — b° = 14 leading to a value fora or b
z=+(4+2i) Al | 22a
(5)
(7 marks)
Notes:
(@)@

M1: States or implies z *= a — biand finds an expression for zz *

Al: Achieves zz *= a? + b%and draws the conclusion that zz *is a real number. Accept € R as
conclusion, but not just “no imaginary part”.

(b)

M1: Starts the process of solving by using the conjugate to form an equation with real denominators. and
without z* or % in the equation. Accept as shown in scheme. or may multiply through by a — biand
expand and gather terms. May be implied by correct extraction of equation(s).

M1: Uses the given information to form two equations involving a and b at least one of which includes
3 3 2 : z 7 . &2

both. It must involve equating real or imaginary parts of i

Al: Any two correct equations arising from use of both given facts. (Note: if multiplying through by a —

bi then equating real and imaginary terms gives the same equation.)

dM1: Dependent on previous method mark, solves the equations to find a value for either a or b.
A1l: Deduces the correct complex numbers and no extras. Do not accept +4 + V2i

Note: it 1s possible to solve via polar coordinates. but unlikely to succeed. If you see responses you think
are worthy of credit but are unsure how to mark. use review. Example solutions shown below.
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(b) —,=—‘=E=zz—14+8\/—lor
S Ml | Llb

1-] k
Ale letarg z = 6. then Z =8 — 20 = (5526 +isin20

zs+ re~if

z? = 18(cos a + isina)where tan a@ = 4%’7 =z =+V18 (cos%a +
Jorcos26 +isin28 =2+ 22 = 2005 26— 1= ML) LIb

1sm a |Or cos J_lsm = cos = Al 1L1b
42

—,25m9c056=—
9 9

1 1 1 7 I L
cos;a—JE(1+cosa)—\[E(1+;) —...andsm;a_

Jl(l—cosa)=\j1(1—z) =...or=>c059=2—ﬁ,sin€ =l,r= |z] = a1 Hh
2 2 9 3 3
Vzz* =+/18
z = +(4 4 V2i) Al | 22a
3
Q7.
Question Scheme Marks | AOs
12 12 Ml 1.1b
(a) a+pB+la+—-pF|=8s02a+—=38
a a Al 1.1b

=2a'-8a+12=0 or @’ —-4a+6=0

_ 4+ (22 —4Q)6) T T — M1 1.1b

2(D)

S>a=2=* iﬁ are 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)=

—(z—iﬁ)=

third root =2 +i\/—2_+

2+14/2
24 Ml | 3la

(2+i«/5)(2—i\/§)=

(z-a)z-P)=2-4z+6=>1(2)=(2*-4z+6)z-P)=>y=".

(or long division to find third factor).

Product of roots = 24 = third root =

Hence the roots of f(z) =0 are 2+i2anda Al 1.1b
(6)
(b) Eg.f(4)=0=4"-8x4+4p-24=0=>p=__.
Orp= (7+1\/_)( —1\/—)+4(7+1\/_)+4( —iﬁ): Pi=si M1 3.1a
Or f(2)=(z-4)(*-4z+6)=>p=..
= p=22 cso Al 1.1b
2)

(8 marks)
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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 £ need not be identified.
(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. if second root forgotten or error leads to only one initial root being found).

12 2 2 - -
Product of roots = aﬂ(af +—-p ] =24=apf" —(a' +12),B +24 =0, substitutes in a and attempts
a

to solve the quadratic in f 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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Q8.

Question Scheme Marks | AOs
(@) a(i}{a+£—l)=15 Mi | Lib
\ & @ Al 1.1b
25 3
:>50(+;—5=15 > a -4a+5=0
—— 414 - 40)5) ? ol
S a= or (@—-2)"—-4+5=0=> a=...
2(1)
>a=2%1 Al 1.1b
Hence the roots of f(z) =0 are 2+1,2 -1 and 3 Al 2.2a
(6]
() p=—("Q+)"+"Q-D"+"3") = p="_. M1 3.1a
= p=-7 cso Al 1.1b
2)
(b) f(z)=(z-3)(z"-4z+5) > p= .. M1 3.1a
ALT1 = p=-7 cso Al 1.1b
2)
(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 a = ...
Al a=2%1
Al Deduces the rootsare 2 +1,2—1and 3
(b) M1 | Applies the process of finding — Z(_of their three roots found in part ((1))
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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Qo.
Question Scheme Marks
Number

4(1-1)
a) z=—r—
@ (1+1)(1-1) Ml
z=2(1-1) or2-21o0rexact equivalent. Al
@
(b) 22 =(2-21)(2-2i) =481+ 4’ M1
=-81 Al cao
@
(c) Ifzisarootsoisz* So (x—2+2i)(x—2—-21) (or ¥’ —2Re(z)x+|7|) Ml
So(x=2+21)(x-2-21)=0 (or x* —2Re(:).,\'-(~|:|2 =0) andsop=g¢g= M1
Equationis x° —4x+8(=0) orp=—4andg=8 Al
(3)
(7 marks)
ALT1 | (o)
Substitutes z = 2 — 21 and z* = —8i into quadratic and equates real and imaginary parts | M1
toobtan 2p+g=0and-2p—-8=0
Attempts to solve simultaneous equations to obtam p =—4 and g = 8 Mi1A1
ALT?2 |(0
Attempts to obtain p = — sum of roots M1
Attempts product of roots to obtamn g= M1
Equationis x° —4x+8(=0) orp=—4andg=38 Al
ALT3 | (c)x—2=+21 erther sign acceptable M1
(x—=2)* =—4=> x* —4x+4 = —4i.e square and attempt to expand to give 3-term quadratic | M1
Equationis x° —4x+8(=0) orp=—4andg=8 Al

Notes

(a) M1: Multiplies numerator and denominator by 1 —10rby -1 +1
Al: cao

correct answer.

Al: —81 or 0—8ionly

(c) M1: Uses theirz and z* in (x—z)(x—z%)

M1: Multiplies two factors and obtains p =or g =

Al: Both correct required — can be implied by x* —4x +8
AIT1

(c) M1: Substitutes their = and their z into the quadratic and equates real and imaginary parts to obtain
two equations in p and ¢

M1: Attempts to solve for one unknown to obtain p =or g =
Al: Both correct required — can be implied by x* —4x+8(=0)

(b) M1: Squares their z, or the given z = li to produce at least 3 terms which can be implied by the
+1




Ch.1 Complex Numbers

Q10.
Question Scheme Marks
Number
4(1-1)
a) z=—r—
@ (1+1)(1-1) M1
z=2(1-1) or2-21o0rexact equivalent. Al
@
(b) 22 =(2-21)(2-2i) =481+ 4’ M1
=-81 Al cao
@
(c) Ifzisarootsoisz* So (x—2+2i)(x—2—-21) (or ¥’ —2Re(z)x+|7|) Ml
So(x=2+21)(x-2-21)=0 (or x* —2Re(:).,\'-(~|:|2 =0) andsop=g¢g= M1
Equationis x° —4x+8(=0) orp=—4andg=8 Al
(3)
(7 marks)
ALT1 | (o)
Substitutes z = 2 — 21 and z* = —8i into quadratic and equates real and imaginary parts | M1
toobtan 2p+g=0and-2p—-8=0
Attempts to solve simultaneous equations to obtam p =—4 and g = 8 Mi1A1
ALT?2 |(0
Attempts to obtain p = — sum of roots M1
Attempts product of roots to obtamn g= M1
Equationis x° —4x+8(=0) orp=—4andg=38 Al
ALT3 | (c)x—2=+21 erther sign acceptable M1
(x—=2)* =—4=> x* —4x+4 = —4i.e square and attempt to expand to give 3-term quadratic | M1
Equationis x° —4x+8(=0) orp=—4andg=8 Al

Notes

(a) M1: Multiplies numerator and denominator by 1 —10rby -1 +1
Al: cao

correct answer.

Al: —81 or 0—8ionly

(c) M1: Uses theirz and z* in (x—z)(x—z%)

M1: Multiplies two factors and obtains p =or g =

Al: Both correct required — can be implied by x* —4x +8
AIT1

(c) M1: Substitutes their = and their z into the quadratic and equates real and imaginary parts to obtain
two equations in p and ¢

M1: Attempts to solve for one unknown to obtain p =or g =
Al: Both correct required — can be implied by x* —4x+8(=0)

(b) M1: Squares their z, or the given z = li to produce at least 3 terms which can be implied by the
+1






