(c) (c)

m’-mn . m’-n 1 N3+i_~3+i

6m2 + 11mn+ 3F___an® — mn— 617 J3-i 3+ 3-i2
7 _ 5
4m? - 7mn- 21f _ B+
3m? + 7mn+ 21f “3-()
_ m(m- 1) . (m-n(m+n | (4m+n(m-21) P
@m+ n(2m+ 30 (2n+ A)(m- 20 (3m+ n)(m+ 21 :%J’%i
form# -2 —@, +2n (d)
3 2

1 2-y2_-2-42i
—2+42 -2-42 4-2°2

m(m- 1) ><(2m+3n)(m—2r)x(3}n+ nN(m+ 21
T @Bm+2m+3n (m-n(m+ ) (dm+n)(m-21

n n 3n :—_Z_ﬁi
form¢—z,—§,—7,in,12n 4-2(-)
_m 1 (m+2n) __2_V2,
= —X X
1 (m+n (4m+n) 6 6
m(m+ 21 m? +2mn -1 —ﬂi
(m+n@4m+ 4m? +5mn+ 1’ © 3 6
mi—g,—g,—%,in,iZnor —1+Ei —1+\’§i
: 1 2 -2 2
m#-0.25n - 03 — 151 + n + 2n _1_Nﬂ§,x_1+¢§," 1.3,
2 2" T27 2! 44
- 1 43,
Practise, Apply, Solve 4.10U, —§+‘7|
page 362 1.3,
1. (a) 1 +i 4 4
® -2 L1,
(©) V3+i 2 2
d) -2-+/2i ® ) _
V3. K X-VYi
(e) 5t X+yi x-vyi
f) x—vyi _ X—Yi
- x2—y2i2
2. (@ — Vi
1+i _ 1+i =%
-1 1+ 1-1 x* = yi(-D
L+ __ X .y
_1_(_1) C+y: xZ+y?
1 1 X, y not both zero.
e
(®) c Sééa) 3-i _90-30
! ! -i _90-
! o _90-30
T1-4-) o=
1 2 =9-3
=—= =i (b)
55 2 1-i_2-2
1+i 1-i 1-i?
_ 2-2
1-(-1)
=1+i
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(©) 0

. . . ) . . 2 : 2
i_xl_-l-!:4l+ﬂ XEV XEY_X +22xy|;2)/2| , X,y hot both zero
1-i 1+i 1-i X—yi X+yi XS =y
- _4'1+ A7 _ X2 +2xyi+ (D)
: (-3 X% = y?(-1)
=2i-2 2 2
i _X -y 2xy .
=-2+2 i a R el

100 1+2 _10i + 20°

1-2 1+2 1- 42 4. e
_10+29-3 2=N841 Z =V8 -
- 1-4-D) i:xﬁ‘gﬂxﬁﬂ
=2i-4 z, N3-i 3+
=4r2 _3+2/3 +i?

© 2 -3+203

2+3 1+ _2+5+3 a8y

1-i 1+i 1-i _W
_2+5+3-) ¢
S 1) _2+2/3
_-1+5 4ﬁ

? =1+ﬁi or0.5+0.87

=—-=+—ior -05+25
2 2 .
U]
3-i 1-2 _3-7+2?
1+2 1-2 1— 42

‘Z:3—LW:1+z
ya 3-i 1-2
=X

_3—7i+2(—]) 2w 2(1+ 2) 1-2i
C1-4(-) _3-7+3?
_1-7 2(1- 4%)
-5 _3-7+2Z-)
2(1- 4(-
=1 Tior02-14 (1-4-9)
5 5 _1-7
(9) 0
4-3 3-2_18-8°-9 17
3+2 3-2 9 - 4i? —E—l—oloro.l—o.i
_18-8-3-9
9-4(-)
:—1+18
13
1 18,
=—-— 4+
13 13
(h)
4+i —i _ —4i-i?
i - -i?
_—4i-()
-(-1)
=1-4
(i)
2+5 i -2+52
— X-= >
| | |
_—2i+5-J)
=-(-D
=-5-2i
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6. . _ Examples:
z=1-i,2z=7+Ii Division of complex numbers:
2-2 _1-i-(7+i) 2+! x 4+! (complex conjugate of denominator)
2z, (1-i)(7+i) 4=l 44
_1mi=7-i _8+6+i°
T 7-6-i° 16-i°
= —6-2 _7*8 (denominator is a real number)
7-6 —(-) 17
. Division of real numbers:
_—6-2 1
8-6 3.5 . .
23+ 4+ 3 T XI (reciprocal of denominator)
2(4-3) 4+3 5
_-(12+13 + 39 3
16- 92 :% (denominator is the number 1)
_—(12+13+3-)
16-9-9 9. Itis important to remember thiais not a variable, and so
= _92_513 when faced with a quotient such %g—l there is no
=i
9 13. possibility that 4  is zero, sincé always represents the
= _2—5 ‘2—5' same number, and is not equal to 4. However, if dealing with
an expression such aas%, the expression would not be
7. C+l1
1-i 1-i valid if bothc andd were zero. Therefore, the restriction that
(3-1)2 = 9-6 +i2 ¢ andd are not both zero must be placed. It is possible for
1-i eitherc or d to be zero, but not both at the same time.
9-6 +(-1 10. (a) If z=3 + 4, .
gl z+§:3+44'+ 25.x3_—44.
8- 6i z 3+4 3-4i
1o 43 C344 42539
2(4-3) 4+3 9-16
_4-i-32 —344+2X329)
2(16- 92) =3+4i +3 f15
_4-i-3-) _ 640
e —— = +
2(16-9-9) (b) If z=a+bi,
7-i 1 . 1 a-bi
== z+==a+bi+ x ——, a,bnot both zero
2(29 z a+bi a-bi
=L 2 —a+bi+ 270
50 50 a? - b?i?
—a+bi a- bi
8. The method of dividing real numbers can be compared to =at+bi+ aZ + b2
the method of dividing complex numbers when we think of :
- A . . a bi
division of real numbers as multiplication by the reciprocal. =a+bi+— 2 22+ b2
We simplify a quotient of complex numbers by making the a+ a +
denominator real. This is achieved by multiplying the =a+— a 5 +bi - zb' 5
guotient by an expression equivalent to 1 in which the a“+b a“+b
numerator an.d denominator are both the complex conjugate Real part isa + — a . imaginary part i%)— i b 25'
of the denominator. a“+b

Division by a real number can be thought of in a similar way,
if it is achieved by multiplying the quotient of real numbers

by an expression, equivalent to 1, in which the numerator and
denominator are both the reciprocal of the denominator. In
this way, the denominator becomes 1.
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11. (a)
(5-2) =z(1-i)
5-2
1-i
5-2 1+i
? 1+| Bk
5+3-2% _
1-i2
5+3-2A-1 _
1-(-)
7+3
>

Z=—+—=i
2 2

=35+15

() _
(3+2)+z=(1-i)z
3+2i=z-iz-z
3+2 =z
3+2 _
—i
3+2 i
— X
=i i
3+22
.2 -
—i
3i-2=z
z=-2+3i

=Z

© _
4z- A3+ ) =-1+3i

4z-3z- iz=-1+3i
z—iz=-1+3i
z(1-i)=-1+3
—1+3i 1+|
10 1+|
_-1+2 +32
12
_—4+2
C2
=2 +i

164

(d)
z2(5-3i)? = 4+3
7(25-30i+ 9%) = 4+ B
7(25-30i- 9 = 4+ 3
(16— 30)) = 4+ 3
_ 4+3 16+30
“16-30 16+ 30
_ (4+3)(16+ 30)
~ 256- 9002
_ 64+120 + 48+ 9O
- 256+ 900
_ 64+168 - 90
~ 1156
_ -26+168
~ 1156

578 289

12. (a)

2 3 23— 3  2-i
+ = X + X
3+i 2+i 341 3-i 2+i 2-i
=6—2i+6—3'
9-i2 4-ij?

6-2i 6-3
= +
9-(-) 4-(-)
6 2 6 3
10 5
6 3

—i
5 5

iorl8-08

<.n|© alw

U'IIJ> gl

(b)
1 1

a+bi a- bi

1 a- bi 1 a+ bi
= X - X
a+bi a-bi a-bi a+bhi
_a-bhi a+hbi
T a?-b%i2 a’-b32
_ a-bi a+bhi

a’+b®> a’+b?

_a _ bi a b
a’+b’> a’+b? a?+b? a?+b?
2bi
=0-
a’ +b?
B
a’+b?
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a b

13. z =——, 2, =
YU+t P 1+
z+2=1
a, b
1+i 1+ 2
a _1-i b 1 2i
— X+ =
1+i 1-i 1+ 32 1 1-2
a(l- |) b(1—2|)_
112 1-47
a—a|+b—2b|:1
2 5
a_a;,b 2,
2 2 55
§+_b_§, —Zbi =1
2 5 2 5
Multiply by 10.
10220, 120010730 10 =103

(0O ~"Os0 “p 0O
5a+ 2b- 5ai— 4b| =
S5a+2b-(5a+ 4bi= 10+ @
Equate the real parts on each side of the equation.
5a+ 2 =10 ------------- 20)
Equate the imaginary parts.
-6a— 4 = 0-------------- @
Add (1) + (2):
Oa—20=10
b=-5
Substituteb = -5 into®:
5a + 2(-5) = 10
=20

14.

z=(2-)(z+2
z2=2z+4-iz-2i
z—-2z+iz=4-2i
-z+iz=4-2i
Z2(-1+i)=4-2i
=4—2iXL—i
-1+ -1-i
_—4-2+32
S
_4-2+2-)
1-(-1
_—6-2i
S22
=-3-i

_ . W, . .
15. zzis always a real number. Thereforef is a quotient
z
wz . .
of complex humberas andz, — will have a real number in
zz
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the denominator and will be in the foan+ bi. For example,

the quotient% is the same as
i

3-i _2-i_6-G+i?
X =
2+i 2-i 4-i2
_6-5+(-)
4-(-1
5-5 . .
= 5 (the denominator is now a real number)
=1-i
16.
z+(@A+i)w=1-2i @
(1+ 2))z — 2w = 9+ @ -----mmmmmmmmmmmmmeee )

Multiply equation® by (1 + 2):
(1+2)z+(1+ 2)(1+iw =(1+ 2)(1- P

(1+2)z+(1+3 + 2%)w = 1- 42

(1+2)z+(-1+ )W = 5-mmmmmeee- 0
(1+2)z-2w=9+8@---—--- @
Subtract] — @:

0z+(-1+3i+2)w=-4-6
(-1+5)w =-4-46
_—4-6i —1—5
C -1+5 —1—5
_4+26 +30°
- 1-252
_—26+ 24
- 26
w=-1+i
Substitutew = —1 +i into equation®:
z+(1+i)(-1+i)=1-2
z+(-1+i%) =1-2i
z-2=1-2i
z=1-2i+2
z=3-2i

Practise, Apply, Solve 4.11, page 369

1. (@) § E; LCD isxy.
Xy
(b) 2, 1, LCD isab.
b b
(c) ig LCD isx(x—1).
x-1 X
b 3b .
(d) b2 bal’ LCDis(b+ 1)+ 2).
(e) %l LCD is x?y.
X2 Xy
m-1 m .
f , —— LCD —-3)(@n+ 3).
e is (m—3)(@n+3)
11x 8 .
-, : LCD isy?Z.
) V2 2 Y
) 35 S*2. cDis - 1)6+ 1).

(s-1(s+1) ' s-1’
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