EdExcel Further Pure 1

Complex Numbers

Section 3: Complex numbers and equations

Multiple Choice Test

1) The real numbers a and b that satisfy the equation

a+3i—2+bi=b-i
are
(@a=2b=-4 (b)a=-2,b=-4
(c)a=-2,b=-2 (da=2b=-2

(e) I don’t know

2) The real numbers a and b that satisfy the equation
a(2—i)+b+4i)=4-11i

are
@a=2,b=-3 (b)a=3,b=-2
(c)a=2,b=-2 (dya=3,b=-3

(e) 1 don’t know

3) The square roots of the complex number 8 + 6i are

(@ 1-3iand -1+ 3i (b)3—iand-3+i
(c)1+3iand-1-3i (d3+iand-3-i
(e) I don’t know

4) The square roots of the complex number 5 — 12i are

(@) 3—- 2i and -3 + 2i (b) 3+ 2i and -3 - 2i
(c) 2+ 3iand -2 - 3i (d)2-3iand -2 + 3i
(e) 1 don’t know

5) Which of the following groups of numbers could be the roots of a polynomial
equation with real coefficients?
(i) 3,45
(i) 1+i,2,4
(i) 1-i,i,1
(iv) 2,1+i,1-i
(@) (i), (iii) and (iv) (b) (i) only

(c) (i) and (iv) (d) all of them
(e) 1 don’t know
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6) 2 +iisarootofz3—z2-7z+ 15 =0. The other roots are

(@2+i,3 (b)2-1,3
(c)2-1,-3 d2+i,2-i
(e) I don’t know

7) The real root of z3 — 4z2 + 14z — 20 = 0 is 2. The other roots are

(@2+3i,2-3i (b) -1 + 3i, -1 - 3i
(c)1+3i,1-3i (d) -2 + 3i, -2 - 3i
(e) I don’t know

8) 1+ 2iisaroot of the cubic equation z8 + az2 + bz + 5 = 0.
The values of a and b are

@a=-1,b=3 (bya=1,b=-1
(c)a=1,b=3 (da=-1,b=-1
(e) 1 don’t know

9) -2 +iisaroot of the equation z* + 223 — 72— 2z + 10 = 0.
The other roots are

@2-i,1+i,1-i (b)-2-i,1+i,1-i
(©)-2-i,2—-1i,2+i (d)-2-i,1+2i,1-2i
(e) 1 don’t know

10) The equation z* + z3 + 222 + 4z — 8 = 0 has two real roots. The roots of the
equation are

(@)-1, 2, 2i, ~2i (0)-1,2,1+i, 1—i

(©1,-2,1+i,1-i (d) 1, -2, 2i,-2i
(e) 1 don’t know
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Solutions to Multiple Choice Test

1)  The correct answer is (b)

a+3l-2+6=0-1
Equating maginary parts: 3+ =-1=>b=-4
EBquating real parts: 4—2=0=>a4-2=—4=>a4=-2

2) The correct answer ts (b)

a(2 -0 +6(1+41) =4 —111
20 —aL+b+ 46 =4 — 111

Equating real parts: 20+b=4 @
Equating bmaginary parts:  —a+4b=—-11 @)
O+ 2x@ 9b=-18
b=-2, a=3

2) The correct answer ts (o)

(a+6.) =¢+el

a’+2abl-b* =g +el
Equating real parts:  4* —b6* =g

3
Equating tmaginary parts:  2ab=6=a = P

Substituting: b%—bz =g
9-b" =gb*
bt +eb* - 9=0
(6*+ 9)(b® -1)=0
=41

Wwhen b=1,4=23
when b= -1, a= -3
The square roots of 5 - 12l are 2 + L and -3 - L.
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4) The correct answer is ()

(a+b6) =5—-121

a*+2ab-b* =5 —121
Equating real parts:  4* -6 =5

P . e
Equating tmaginary parts:  2ab=-12=a= =

Sulbstituting:

26,
= =5

ze—-b* =57
bV*+50* —z6=0
&*+9) (" -4)=0
=12
whew b=2, 4= -3
Whew b= -2, 4=z
The square roots of 5121 are 2 - 2L and -3 + 2.

5) The correct answer s (¢)

Any complex roots of a polynomial equation with real coefficlents occur in
conjugate pairs. Therefore (i) and ((il) cannot be the roots of a polynomial
equation with real coefficlents, since the complex roots do not oceur tn
conjugate pairs. (lv) has two complex roots which are a conjugate pair, and ()
has all veal voots, so both of these could be the voots of a polynomial equation
with real coefficlents.

&) The correct answer is (¢)

Since2 + Lisavoot, 2 ~ 1 is also a root.
So (z-2-1)(z-2+ 1) is a factor of the equation.
(z-2-0)(z—-2+1)=(z—-2)7+1
=z —4z+5
S0 z2 -z —Fz+15 =(z2>—4z+5)(z+3)
So the third root is -3.
The other two voots are 2 — L and -3.
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The correct answer Ls (¢)

2 is a voot of the equation, so z - 2 is a factor.
z® -4z +14z-20=0

(z—-2)(z°—-2z+10)=0

The other two voots are the roots of the quadiatic equation z* -2z +10=0

2t J4—4x1x10
Z:
2
_Qi\/—zé
2
2%l

2
=1+3i

)  The correct answer s (a)

9)

(L+20)* =1+4l—4=—3+41
(1+20)°=(=3+4l)(1+20)=—23-20-2=—11—-21
Substituting into z° +4z* +bz+5 =0:

11 —-2i+a(-3+4L)+b(1+20)+5 =0
Equating real parts: 11 —-34+b+5=0=>3a-b=—06

Equating imaginary parts: —2+44+20=0=>2a+b=1

Adding: 5a=-5=>a=-1, b=3

The correct answer ts (b)

24+ ilisavroot, so-2-1L1isavroot
so (z+2-0)(z+ 2+ 1) is a factor.
(z+2-D)(z+2+1)=(z+2)*+1
=z +4z+5
zt 42z -z —2z4+10=(2°+4z+5)(z° -2z +2)

The other two roots ave the roots of the quadratic equation z* -2z +2=0.

2+t J4—4x1x1
Z:
2

_2+J-4
2

_2%20
2

=1+

The otherroots are -2 -1, 1 + Land 1 - L.
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10) The correct answer Ls (d)

f(z)=z*+z"+2z"+4z-¢
f1)=1+1+2+4-8=0
f(R)=16-28+8-8-8=0

so (z-1) and (z + 2) ave factors.
(z-1)(z+2)===+2z-2

z'+ZzP 42z +4z-g=(2"+z-2) (2" +4)
The roots of z2 + 4 = 0 are 2L and -2L.

So the roots of the equation are 1, -2, 21 and -2
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