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Sch☺☺☺☺☺☺☺☺l ☺☺☺☺f Engineering 

EE 261 
Spring 2011 
A. Inan 

Solutions to Homework # 7−−−− 
Arithmetic of Complex Numbers and Phasor Analysis 

(Wednesday, April 27, 2011) 
 
P 1. Rectangular to polar form. Write the following rectangular-form complex numbers 
in polar form: 

1.a. ( ) radians)(in  445
1 10or     102525 πjj eejV

o

=+=  

1.b. π374.04.67
2 130or     13050120 jj eejZ

o

≅+=  

1.c. 290
3 02.0or     02.002.0 πjj eejY

o

==  

1.d. 32120
4 20or     2031010 πjj eejI −−=−−=

o

 

1.e. π205.087.36
5 000,10or      000,10000,8000,6 jj eejZ −−≅+−=

o

 

1.f. ( ) ( )π±±=−= jj eeV 5.2or      5.25.2 180
6

o

 

 
P 2. Polar to rectangular form. Convert the following polar-form complex numbers in 
rectangular form: 

2.a. 1001010 180
1 −=+−== jeI j o

 

2.b. 3323 45
2 jeV j −== − o

 

2.c. 2002000200 90
3 jjeZ j −=−== − o

 

2.d. ( ) ( )( ) 3001.0001.02321500150032
4 jjeY j −−=−−== − π  

2.e. ( ) 15.1315.12233.23.2 65
5 jjeV j −−=−−== − π  

2.f. ( ) 3108.2108.22321106.5106.5 3332403
6

−−−− ×−×−=−−×=×= jjeI j o
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P 3. Phasor representation of sinusoidal signals. Find the phasor-form representation 
of the following sinusoidal signals. (Note that the capital letters represent the phasor 
form.) 

    3.a. ( ) o
o 604

1

rep.   
phasor

44
1 10260102cos102)( jeItti −− ×=→+××= π  

    3.b. ( ) o
o 25

2
6

2 8.32510cos8.3)( jeVttv −=→−=  

    3.c. ( ) ( ) 522105 73.173.11010sin73.1)( πππππ jj
aa eeVttv −− ==→+=  

    3.d. ( ) ( ) 105325 2.42.453103sin2.4)( πππππ jj
cc eeItti −− ==→−×−=  

    3.e. ( ) o
o 135

s
4

s 1.01351028.6cos1.0)( jeItti −=→−×=  

    3.f. ( ) ( ) ooo
o 3090300

s
4

s 1010300108sin10)( jj eeVttv −−− ==→−×= π  

    3.g. ( ) ( )oo 6010sin015.013510cos03.0)( 55
T +−−= ttti  

 
oo 30135

T 015.003.0 jj eeI −− −=→  

    3.h. ( ) ( )oo 30104.4cos9.430104.4sin1.2)( 44
T +×+−×= tttv ππ  

 
oo 12030

T 9.41.2 jj eeV −+=→  
 

P 4. Basic arithmetic operations of complex numbers. Solve the following circuit 
problems, simplify each answer and provide it in polar form. 
 
4.a. Kirchhoff’s current law (KCL) applied in the p hasor domain. Given 

?  ,10  ,10 213
30

2
30

1 =+=== − IIIeIeI jj oo

 (Note that each Ik current is a phasor quantity 

which represents a real-time Sinusoidal Steady-State (SSS) current ( )tik  flowing in the 

circuit shown below. Just like the time-domain currents, the phasor-domain currents must 
also satisfy KCL.) 
Solution: Transforming polar-form phasor currents into rectangular form, we can find the 

phasor current I3 as 0
213 3100310

2

1

2

3
10

2

1

2

3
10 jejjjIII =+=









−+









+=+= . 

                      

I1 I2

I3

 
 

4.b. Kirchhoff’s voltage law (KVL) in phasor form.  In the phasor-domain circuit 

shown below, ?  ,25  ,25 213
45

2
45

1 =−=== − VVVeVeV jj oo

 (Note that each Vk is a 

phasor quantity which represents a real-time SSS voltage ( )tvk  in the circuit shown 

below. The phasor-domain voltages must satisfy KVL.) 
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Solution: Using rectangular-form phasors V1 and V2, the phasor  voltage V3 can be found 

as 
o90

213 10100
2

1

2

1
25

2

1

2

1
25 jejjjVVV −=−=







 +−






 −=−= . 

 

                                          

V1

V2

V3

 
 

4.c. Equivalent impedance. The circuit shown between terminals A and B is shown in 
phasor domain. If ( ) ( ) ?  ,Ω 200100  and  Ω 300200 21321 =+=+=−= ZZZjZjZ  (Note 

that each Z represent an impedance. Impedances can be combined in series or in parallel 
just like resistances.) 
Solution: Since the two impedances are connected in series, the equivalent impedance 

Zeq is given by ( ) ( ) Ω 316100300200100300200 43.18
21eq

ojejjjZZZ −≅−=++−=+= . 

                                                          

Z1

Z2

Zeq

A

B
 

4.d. Equivalent impedance of a series RLC circuit.  In the series RLC circuit shown, the 
element values are given by mF 25.1 and mH, 5  Ω, 4 === CLR  respectively. Find the 

equivalent impedance of this circuit at three different frequencies: rad/s 2001 =ω , 

rad/s 4002 =ω , and rad/s 200,13 =ω . 

Solution: Since the three impedances are connected in series, the equivalent impedance 

Zeq at any frequency is given by ( ) ( ) ( ) 






 −×+=++= −

ω
ωωωω 800

1054 3
eq jZZZZ CLR . 

Substituting the frequency values rad/s 2001 =ω ,  rad/s 4002 =ω , and rad/s 200,13 =ω , 

we find ( ) ( )Ω 341eq jZ −=ω , ( ) Ω 42eq =ωZ , and ( ) ( )Ω 33.543eq jZ +≅ω  respectively. 
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ZL=jωωωω L

ZR=R

ZC=
−−−−  j/(ωωωω C)

A

B

Zeq=?

                                            
4.e. Equivalent admittance. Admittance of an element represented by Y (in Siemens) is 
defined as the inverse of the impedance Z (in Ω) of the same element, i.e., 1−= ZY . 

Given ? is  what ,S 2002.0  ,S 002.0 213
4

2
2

1 =+=== − YYYeYeY jj ππ  (Note that 

admittances can be combined in series or in parallel just like the same way as 
conductances.) 
Solution: Since the two admittances are connected in parallel, the equivalent admittance 
Yeq is given by S 002.0002.0002.0002.0002.00 0

21eq

21

j

YY

ejjYYY ≅=−++=+=
44 344 2143421

. 

 

                                             

Y1 Y2 Yeq

A

B
 

4.f. Ohm’s law in phasor form. Given ?  ,Ω 150  ,A 02.0 111
6

1
3

1 ==== − IZVeZeI jj ππ  
(Note that ZIV =  is the phasor-domain equivalent of the time-domain Ohm’s law given 
as )()( tRitv RR = . Note also that Ohm’s law in phasor form is not only limited to resistors 
but can also be used for inductors and capacitors.) 
Solution: Using Ohm’s law in phasor form, the phasor voltage V1 can be obtained as 

( )( ) V 302.0150 636
1

πππ jjj eeeV −− == . 
 

                                                          

Z1

I1

V1
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4.g. Phasor-domain solution of sinusoidal steady-state circuits. In the circuit shown, 

given ( ) ( ) ?   Ω, 2030  Ω, 8040  ,A 02.0  ,V 4 321
13.23

1
30

S =−=+=== − ZjZjZeIeV jj oo

 

Solution: Using Ohm’s law in phasor form, we can find the equivalent impedance Zeq 

seen from the source as Ω 16012020002.04 13.5313.2330
1Seq jeeeIVZ jjj +==== − ooo

. 

However, since the three impedances are connected in series, Zeq is also given by 
( ) ( ) Ω 16012020308040 3321eq jZjjZZZZ +=+−++=++=  from which we can 

obtain the unknown impedance Z3 as ( )Ω 100503 jZ += . 

 

                 

I1

VS

Z1

Z2

Z3

Zeq         

VS

I1

Zeq

 
 
4.h. Thevenin impedance. For the phasor-domain circuit shown, given the three 

impedance values to be ?   ,Ω 50  ,Ω 50  ,Ω 50
21

21
3Th321 =

+
+=−===

ZZ

ZZ
ZZjZjZZ  

Solution: The Thevenin impedance seen between terminals A and B can be calculated as  
( )( ) ( )

( )( ) Ω 2525252550
11

150
50

1

50
50

5050

5050
50

11

Th jjj
jj

jj
j

j

j
j

j

j
jZ −=++−=

−+
−+−=

+
+−=

+
+−=

+
43421

. 

                                             

Z1
Z2

Z3

ZTh

A

B
 

4.i. KVL and Ohm’s law. In the phasor-domain circuit shown below, given 
( ) ( ) ?  ,A 04.0  ,Ω 2300  ,Ω 300300 21

34
21 =+===+= −

xx
j

x
j IZZVeIeZjZ ππ  

Solution: The phasor-form source voltage Vx can be calculated using Ohm’s law and the 
equivalent impedance seen between the terminals of the voltage source as  

( ) ( )( ) V 24A 04.0Ω 60004.0300300300300 333
eq

21

πππ jj

I

j

ZZ

xx eeejjIZV

x

==













−++==

434214342143421
. 
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Z1

Z2

Vx
Ix

Zeq

 
 
4.j.  KCL and Ohm’s law (optional). In the following phasor-domain circuit shown, 

( ) ?  ,V   ,S 301.0  ,S 02.0 21
603

2
2

1 =+==== −
yy

j
y

jj VYYIeVeYeY
oππ  

Solution: The phasor-form source current Iy can be calculated using Ohm’s law and the 
equivalent admittance seen between the terminals of the current source as  

{ ( )( ) mA 10V S 01.0015.03005.002.0 30603060
eq

21

oooo

444 3444 2143421
jjj

V

j

YY

yy eeeejjVYI
y

==



























++−== − . 

 

                                             

Y2 Y1
VyIy

 
 
4.d. Equivalent impedance of a parallel RLC circuit (optional). In the parallel RLC 
circuit shown, the element values are given by F 5 and mH, 2  Ω, 8 µ=== CLR  
respectively. Find the equivalent impedance of this circuit at three different frequencies: 

rad/s 000,51 =ω , rad/s 000,102 =ω , and rad/s 000,203 =ω . 

Solution: Since the three impedances are connected in parallel, the equivalent impedance 
Zeq seen between terminals A and B at a signal frequency ω  is given by 

( ) ( )
( )

( ) ( )ωω
ω

ωωω
ω

ωω

500105125.0

1
1

11
6

1
111eq −×+

=







 −+
=

++
= −

−
−

−

−− j
L

CjRZZZ
Z

Cj

C

Lj

LR 4342143421

. 

Substituting rad/s 000,51 =ω ,  rad/s 000,102 =ω , and rad/s 000,203 =ω , we calculate 

the equivalent impedance Zeq at each frequency as 
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( ) ( ) ( ) ( )Ω 53.388.5
075.0125.0

075.0125.0

075.0125.0

1
221eq j

j

j
Z +≅

+
+=

−
=ω ,  

( ) Ω 8
125.0

1
2eq ==ωZ , and  

( ) ( ) ( ) ( )Ω 53.388.5
075.0125.0

075.0125.0

075.0125.0

1
223eq j

j

j
Z −≅

+
−=

+
=ω  

respectively. 

                               

ZL=jωωωω LZR=R ZC=
−−−−  j/(ωωωω C)

A

B

Zeq=?

 
4.k.  Thevenin impedance (optional). For the impedance circuit shown below, if 

( ) ( ) ? impedance Thevenin  theis  what ,Ω 62  ,Ω 22  ,Ω 22 Th321 ZjZjZjZ −=+=−=  

Solution: The Thevenin impedance seen between terminals A and B can be calculated as  
 

( ) ( )( ) ( ) ( )( )
( )( )

( )

Ω 
3

4

3

8

113

1314

66

624

622222

222262

113

321

213
Th 







 −=
+−
+−=

−
−=

−+++−
++−−=

++
+=

+

j
jj

jj

j

j

jjj

jjj

ZZZ

ZZZ
Z

4434421

. 

                                             

Z2 Z3

Z1
A

B

ZTh

 
 
P 5. Addition/subtraction of sinusoidal signals. Four sinusoidal-voltage signals are 
given by ( )210sin10)( 5

1 π+= ttv , ( )3210cos10)( 5
2 π−= ttv , ( )610sin10)( 5

3 π+= ttv , and 

( )π−= ttv 5
4 10cos10)(  respectively. Find each of the following signals below and express 

them in terms of a single sinusoidal waveform: (Suggestion: Use the phasor-domain 
approach to obtain the above voltages.) 
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5.a. ?)()()( 215 =+= tvtvtv  

Solution: Using the phasor-form of the time-domain voltage signals )(1 tv  and )(2 tv  

given by 1010 0
1 == jeV  and 35510 32

2 jeV j −−== − π , the phasor-form of the voltage 

signal )(5 tv  can be found from KVL applied around the closed loop as 

( ) 3
215 1031535510 πjejjVVV −=−=−−=+= . Therefore, the time-domain voltage 

signal )(5 tv  is given by ( )310cos10)( 5
5 π−= ttv . 

                                                     

v1(t)

v5(t) v2(t)

 
 
5.b. ?)()()( 326 =−= tvtvtv  

Solution: Using the phasor-form of the time-domain voltage signals )(2 tv  and )(3 tv  

given by 35510 32
2 jeV j −−== − π  and 35510 3

3 jeV j −== − π , the phasor-form of the 

time-domain voltage signal )(6 tv  can be found from KVL applied around the closed loop 

as πjejjVVV 1010355355326 =−=+−−−=−= . Therefore, the time-domain 

voltage signal )(6 tv  is given by ( ) ( )tttv 55
6 10cos1010cos10)( −=+= π . 

                                                   

v2(t)

v6(t) v3(t)

 
 
5.c.  ?)()()()( 4327 =−+= tvtvtvtv  

Solution: Using the phasor-form of the time-domain voltage signals )(2 tv , )(3 tv  and 

)(4 tv  given by 35510 32
2 jeV j −−== − π , 35510 3

3 jeV j −== − π  and 

10104 −== − πjeV , the phasor-domain voltage 7V  can be found from KVL as 
3

4327 203101010355355 πjejjjVVVV −=−=+−+−−=−+= . Therefore, the 

time-domain voltage signal )(7 tv  is given by ( )310cos20)( 5
7 π−= ttv . 
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v2(t)

v7(t) v3(t)

v4(t)  
 
5.d.  (Optional.) ?)()()()( 3218 =+−= tvtvtvtv  

Solution: Using the phasor-form of the voltage signals )(1 tv , )(2 tv  and )(3 tv  given by 

1010 0
1 == jeV , 35510 32

2 jeV j −−== − π  and 35510 3
3 jeV j −== − π , the phasor 

voltage 8V  is found as 0
2318 202035535510 jejjVVVV ==++−+=−+= . 

Therefore, the time-domain voltage signal )(8 tv  is given by ( )ttv 5
8 10cos20)( = . 

 
5.e.  (Optional.) ?)()()()( 4329 =+−= tvtvtvtv  

Solution: Using the phasor-form of the voltage signals )(2 tv , )(3 tv  and )(4 tv  given by 

35510 32
2 jeV j −−== − π , 35510 3

3 jeV j −== − π  and 10104 −== − πjeV , the phasor 

voltage 9V  is found as πjejjVVVV 2020355103553429 =−=+−−−−=−+= . 

Therefore, the time-domain voltage signal )(9 tv  is given by 

( ) ( )tttv 55
9 10cos2010cos20)( −=+= π . 

 
5.f.  (Optional.) ?)()()()( 43110 =−−= tvtvtvtv  

Solution: Using the phasor-form of the voltage signals )(1 tv , )(3 tv  and )(4 tv  given by 

1010 0
1 == jeV , 35510 3

3 jeV j −== − π  and 10104 −== − πjeV , the phasor voltage 

10V  is found as 6
43110 31035151035510 πjejjVVVV =+=++−=−−= . 

Therefore, the time-domain signal )(10 tv  is given by ( )610cos310)( 5
10 π+= ttv . 

 
Another important reminder: 

EE 261−Final Exam is scheduled for Thursday, May 5, 2011, 8:30-10:00a.m.! 
It is a 90 minute closed book exam. Formula sheets are allowed. 

 


