ECE 111 - Homework #12

Complex Numbers

Complex Numbers

1) Determine the rectangular or polar form of each complex number
note: Matlab works with complex numbers just like real numbers
Default angles are in radians with Matlab
Use Modes Rect / Polar to swith back and forth with an HP42

a) 3+j5
>> A = 3 + 5i;
>> abs (A)
ans = 5.8310

>> angle (A)
ans = 1.0304

3+j5=15.83121.0304 radians

b) 7 —j6
> B =7 - 61i;
>> abs (B)
ans = 9.2195

>> angle (B)
ans = -0.7086

70j6 =9.2195£ —0.7086 radians

¢)6£75°

>> C = 6 * exp(Jj*75*pi/180)

C = 1.5529 + 5.7956i

d) 8~ —120°

>> D = 8 * exp(j*(-120)*pi/180)

D= -4.0000 - 6.9282i



2) Determine y as a complex number
a)y=@B+j5)+(7-j6)+(2+j7)
>> y = (3 4+ 51i) + (7 - 61) + (2 + 7i)

y = 12.0000 + 6.0000i

With an HP42 calculator
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10* er GTO
gect Loa | [Ln | [xe@
% ASIN ACOS ATAN
enter | 6L [R¥ | [sin - [cos | [man
5 e :
ALPHA WMODES Dse CLEAR
complex | [ ENTER
7 | 5 SOLVER  Sfin) WATRIX
enter Rl (7 @s WMo
_ 6 585 BASE CONVERT FLAGS
complex | 4 5 |6
+ | ASSIGN CcusToM PGM.FCN PRINT
2 1 1 ) =) 13 =
e n t e r TOPFCN SHOW PRAGM CATALOG
7 [0 [ [res | +
complex
+

b)y = (7£35%) + (8.£65°) + (9£ — 22°)

>> bl = 7 * exp(3j*35*pi/180)
bl = 5.7341 + 4.0150i

>> b2 = 8 * exp(j*65*pi/180)
b2 = 3.3809 + 7.25051

>> b3 = 9 * exp(-3*22*pi/180)
b3 = 8.3447 - 3.3715i

>> B = bl + b2 + b3
B = 17.4597 + 7.8940i

With an HP calculator
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3) Determine y as a complex number
_ (3+15>(4—16>>
)y = ( 23)
>> y = (3+5i)*(4-6i) / (2-31)

y = 6.0000 +10.00001i

On an HP4?2 calculator
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>> y = ( (3+51)/(2-31i) + (4-61)/(1+31)) * ( (2+41)/(6-11) )
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y = -0.2146 - 1.5435i

With an HP42
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4) Determine y as a complex number

y:e(1+j3)

>> a = exp(l + 31)

a = -2.6911 + 0.38361
y=In(1+/3)

>> b = log(l + 31i)

b = 1.1513 + 1.24901

. 2+j4

y=(1+;3)%"

>> ¢ = (14+31)7(2+41)

c = 0.0461 + 0.04951
note:

+ Functions of complex numbers usually make sense and result in complex numbers
« Some calculators can do these operations (HP42 for example)
« Matlab can do these calculations



Partial Fractions with Complex Numbers

5) Determine the partial fraction expansion

(csemnes) = () + () + ()
(A (x—jd)(x+5) ) \ x4 x—j4 x+5

Using the cover-up method

_ (3(x+l)(x+2))
a=\ogmes) )
x=—j4

>> x = —-41i;
>> a = 3*(x+1)*(x+2) / ( (x-41i)*(x+5) )
a = 1.0610 - 0.2012i

b= (3(x+1)(x+2))
T\ (e4)(x+5) )
x=j4

>> x = 4i;
>> b = 3% (x+1)*(x+2) / ( (x+41i)*(x+5) )
b = 1.0610 + 0.2012i

o (3(x+1)(x+2))
T\ (o4 (4) s

>> x = =5;
>> ¢ = 3% (x+1)* (x+2) / ( (x+41)*(x-41) )
c = 0.8780

Note:

« Everything you do with real numbers also works with complex numbers

« It really helps to have a calculator which can work with complex numbers
« Matlab works with comple numbers

+ So does the HP42 (free42)



6) Determine the partial fraction expansion

) = () +(3) + () + ()
((x+1)(x+3)(x+5+j)(x+5—j) T\l T x+3 T X+5+j T X+5—j

Using the cover-up method

_( 8(x-+2)(x—j2) )
4= \emasnesn) _

>> x = -1;

>> a = 8% (x+21)* (x-21i) / ( (x+3)* (x+5+7) * (x+5-3) )
a = 1.1765

b _( 8(x+2)(x—72) )
C NGS5 ) g

>> x = =33

>> b = 8% (x+421i)*(x-21) / ( (x+1)* (x+5+73) * (x+5-3) )
b = -10.4000

€= D) er3) (45 =5

>> x = -5-7;
>> ¢ = 8% (x+21)* (x-21) / ( (x+1)*(x+3)*(x+5-3) )
c = 4.6118 +12.0471i

d—( 8(x42)(x2) )

T\ D) (e3) (5 4) —
—-5+3;

8% (x+21) * (x=21) / ( (x+1)* (x+3)* (x+5+75) )

+J
>> x
>> d

d = 4.6118 -12.0471i



