PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING
DEFPARTMENT OF ELECTRICAL & COMPUTER ENGINEERING
ELEG 3301- Network Theory 11
FALL 2021

L COURSE DESCRIPTION IN ABET FORMAT

1 ASSESSMENT RESULTS FOR CURRENT AND PAST PERIODS
Program Outcomes Assessed in Course
Assessment Summary of Class Semester Averages for Outcomes
End of Semester Course Outcomes Assessment Reports

IL EXAM
Summary of Topics covered by Exam
Original Exam Questions & Master Solution/grading scheme used
(Summary of topics can be a separate page or include on the assignment itself)
Above Average (Graded original work )
Average {(Graded original work )
Below Average (Graded original work )

III. COMPUTER ASSIGNMENT
Summary of Topics covered by Computer Assignment
Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work )
Average {Graded original work )
Below Average (Graded original work )

IV. PROJECT
Summary of Topics Covered by Project
Project Problem Statement and Grading Scheme
Above Average (Graded original work )
Average {Graded original work )
Below Average (Graded original work )



Course Description
in ABET Format

1. | Course number and name: ELEG 3301 NETWORK THEORY II
2. | Credits and contact hours: 3 credit hours; 3 contact hours
3. | Instructor’s or course
coordinator’s name: Dr. John O. Attia
4. | Text book: Title: Fundamental of Electric Circuits,
Author: C. K. Alexander and M.N.0O, Sadiku
Publisher, Year & Edition: | 3% Edition, 2013, MeGraw Hill
a. Other Supplemental matenial None
5. | Specific course information
a. Brief description of the content of ELEG 3301 Metwork Theory II. (3-0) Credit 3 semester hours.
the course (catalog description) Continuation of transient and sinusoidal analysis. Study of
average and RMS power, poly-phase circuits, complex
frequency, frequency response, and magnetic circuits.
b. Prerequisites or ELEG 2305 Network Theory |
Co-requisiles Mo co-requisites
¢. *Indicate whether a required, Required
elective, or selected elective (as per
definition provided) course in the
program
6. | Specific goals for the course Students will be able to ;

a. Specific outcomes of instruction
(e.g. the student will be able to
explain the significance of current
research about a particular topic.)

(1) Be able to able to analyze eleciric circuits in the frequency
domain.

(2) Be conversant with different types of filters and their
characteristics.

{3) Be able to analyze three phase circuits.

{4) Be able to understand the operational characteristics of
transformers and two port networks,

(5) Be able 1o design, construct, and test electric circuit that
satisfies multiple constraints.

{6) Be able to use PSPICE or MATLAB to solve electric circuit
problems.




b. Explicitly indicate which of the
student outesmes listed in Criterion

3 or any other outcomes are
addressed by the course.

This course addresses:

Outcome 6

An ability to develop and conduct appropriate experimentation,
analyze and interpret data, and use engineering judgment to
draw conclusions.

Brief list of topics to be covered

Sinusoids and Phazor (6 hours)

AC Steady State Analysis (3.0 hours)
AC Steady State Power ( 6 hours)
Three-Phase Circuits (6 hours)
Frequency Response (4.5 hours)
Fourier Series (3 hours)

Two-port Metworks (4.5 hours)
Magnetically-coupled Circuits {6 hours)
Exams (6.5 hours)




I ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

Outcome 1;
An ability to identify, formulate, and solve complex engincering problems (CEP) by applying
principles of engineering, science, and mathematics.

Assessment Summary of Class Semester Averages for Outcomes
(Should be provided for Fall 2019 through Spring 2022 Assessment Period)

Outcomes 1

Semester Semester Class Average (%)
Fall 2021 83(ELEG) / 69 (CPEG)
Fall 2020 75 (ELEG) / 68 (CPEG)
Fall 2019 79 (ELEG) / 83 (CPEG)

The averages for this outcoms trended downwards
Comments during the fall 2020 semester. In addition, the
on Trend of | expectations were not met for the Computer
Data Enginzering program, but was met by the Electrical
Engineering program. There was increase in the
P L & progra
[Imprnwng OF | average value of the outcome during the Fall 2021
deteri urating} femester _F'Iun_s have been prux-i!:lcd to address the
s,hurt-:nmmgj in the Computer [-.ngumunnwum

*I-pr-cclerl Semester Class Average = 70% (or as defined by the program)
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END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT

ELEG 3013-P02 NETWORK THEORY Il (ELECTRICAL ENGINEERING MAJORS)

FALL 2019 SEMESTER

Report Prepared by: Dr. John 0. Attia
Report Date: December 19, 2019

Crubcome &
Miimber Abdiny 1o develop gl conduct appraprisie copermmi San, ambvee and mierpret dads, and use engineering
Analysis Typu af judpmeat ie drane canclesiam
Semester Sk Eepocsod Clann dveraged m“"mﬁ“-““ i i - Bk wrg Exponiod Aroage
———
Fall 2019 Disest 15 T T 0.2 933
; Items implemented | The students designed circuits that meet some specifications, built the circurt, tested
"S""*"""'“""“ from previous report | the circuit in the laboratory and ascerained that the specifications were met. In
x| or after mecting addition, the students wrote reports that have the following parts: (i) introduction, (ii)
previous instructor | circuit design with caleulations, (i) experimental setup to test the designed circuit, (iv)
conducting the experiment, (v) analysis and interpretation of experimental results, (vi)
discussion of resulis, and (i) conclusions,
Perceived problems
are directly related to | Some of the students did not follow the required format for writing the project report.
Perceived Problems |  the PC and the sub | This resulted in studemts writing reports without describing in detail the experimental

items under them

setup and how the experiments were conducted.

Plans for
Addressing

Frohlems

Plans for adidress
speeiflic measures to
address PC and their
sub areas

The following plans will be imglemented the next tine the course is laught:

(&) require all the students 1o follow the format for writing the design project report.
The instructor will not accept project reports that do not have the required forma that
address all the parts of Outcome 6.

(b} Emphasize to the students the importance of (i) describing the experimental setup
for testing the designed circuit, (i) method they used to conduct the experiments, (i)
the data collected, and analyzed, and (iv] interpretation of results,

Chverall Trend over
Periods

Ascertain if there were
IMPIOYEMEents ower
previous semesters

This is the first time this outcome was measured. There is no previows data to
comment on the overall trend of this outcome,

Were Expectations
Met?

YES




END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
ELEG 3013-P02 NETWORK THEORY I1 (COMPUTER ENGINEERING MAJORS)

FALL 2019 SEMESTER

Report Prepared by: Dr. Johna (. Attia
Report Date: December 19, 2019

Sub-Tlutcome L1

izt ABiility e identily fhe specific needs 16 be mel by defainghinders tindag the Probies sl devdaping plans far e
Anabysis '::"P'I.' af progecl b salisly Qe sl

Semester Students

Expected Class Expected Percent of % Students m::tim_l_

Average! shudents af of above Chiss Average Expected Averape
average
e
Fall 20i% INrect 14 T Tl 831 100

Implemenintion

T implemsenial fram

previvas repert ar afler
reling jrevin i instructar

The students designed circuits that meet some specifications, built the circuit, tested the
circuit in the laboratory and ascertained that the specifications were met,  In addition,

Summary the students wrote reports that have the following parts: (i) intreduction, (i} circuit
design with caleulations, (iii) experimental setup fo test the designed circuit, (iv)
conducting the experiment, (v} analysis and inferpretation of experimental results, {vi)
discussion of reaults, and (vil) concliusions,

Ferceived probiems are | Some of the students did not follow the required format for writing the project report.
Tﬁﬂﬁfﬂi :’:di;f This resulted in students writing reports withouwt describing in detail the experimerital
Percelved T setup and how the experiments were conducted.
Problems
Flans for address The fellowing plans will be implemented the next time the course is taught:
specific measares by (a} require all the students to follow the format for writing the design project report,
Plans for addrem hﬂ:“ﬂ their | The instructor will not accept project reports that do not have the required forma that
Addressing gl address all the parts of Outcome 6.

Probloas (k) Em?hm-m: e Eh': slm!-:nt; lh'_:_ importance of (i) describing the experimental setup
for testing the designed circuit, (i) method they used fo conduct the experiments, (i)
the data collected, and analyzed, and {iv) interpretation of results.

Orverall - Ascertain if there were This is the first time this outcome was measured. There is no previous data to comment
Tread over 'mwmmwh“ on the everall trend of this outcome.
Perinds
Were
Expectations YES

Mlet™







TOPICS COVERED IN EXAM 1

Test 1 covered the following topics:

1. Complex Numbers
2. Sinusoids and Phasors

3. AC Steady State Analysis



NETWORK THEORY I1
FALL 2021

SAMPLE TEST QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR EXAM #1



PRAIRIE VIEW A&M UNIVERSITY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301 NETWORK THEORY 11
FALL 2021

EXAM #1-B

Mote: All the steps that lead to your answer should be shown. In addition, put answers in blanks [ provided.

1. (25 points) (a) Evaluate the following complex number and put vour answer in polar form:
7. G- B10)_

10+ 12) | -
= =252 ) 2,39% <) &

_ 1575 [Z77.80°

N
‘ 15.76 | -77.80°

Answer 15

(b) Evaluate the following complex number and put your answer in rectangular form:
60.245"

Im e 4 +(16+ jl12)

2 = 1061 + (16+)12)
= 2b.41 + )12
= 2919 [24.28°

i

e k)
iy .
Answer is 26‘5'{ +;”E'C'"

Exam #1-B




2. (25 points) Solve for vd(r) in the circuit shown below using the superposition principle. Assume that R1 =

R2 =4 Ohms, and L1 =L2=1.0 H.

L4 L1 L3 H2
i o =
*
10cos(4t) V e = Valt) =16V
Corsrdaciry Hao 10s(4t) V soucg ';T?
e

Zy = ELI,#JNL = @)= 42

el e
Wl oD S,

jo At TS aregr

Lo

Zol =

Eadrawihé Heo cariwif w-amwa .

AL
Zol

L_Pt| 00°

L:;;n_ Jp Hoge duhsien

" ﬁLE’ )3 3”!;5_5_&5;”

(_I-II-UH 'i' B'E*J.ir.—'-&-—-"‘

< olo?)(33) 1265287)

gl e
Stk (1041

= 6:06 [-75.9%" V

Vor () = b-04 Cos a’_ﬁrt-TE-?ﬂ-ﬂ)
)= p 1600 ﬂa&{%-Tf'?ﬁ"ﬂ V

3’)%5

'If
N

.riwaxdun\ﬁ He 16V sowsy
pe fant

b = U rmi,fg
2y = 2L JWL = Dt { Shert tirtvn

-J = (open-irey,
et e = (bXo g

TR -ﬂ.ﬁt-t-"ﬂ_ He earevrt

" W1 it
é 4 Lmﬂ%—;‘:_ LV

Using ﬁh"ﬂ-@{ .im;srr:m
Vo = 1

um

Thus
1-“::#{1':) = \-"ﬂif) ﬂ'Uﬂlit
_ 4.0btos (wE-75.%) 28V
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KEY
* 3.(25 points) (a) Calculate v , (1) in the circuit shown below, (b) Determine the current supplied by the voltage
SOUrce.

500
300

= S00redf
2, = i =) (500)00) —

\@ =)5 DAL | 40cos(500t) V () 0 u¥ =

01K Z Volt)
= __,3___ ), caerer
Ze = e [500)50 2/5%)

:-..J_c.—--—."l'!j| -.-:"JI'“}-.H-

29
V . ' Do
o fey Jg_ﬂl’giuw[\a’ deonoan we
l}[?ipa 1} EIPJL
‘_J"‘*MI' JbaJl
TN e | k3t = 1351 =243
fﬁ5lL_3 =323 | =5k gt
Jlll‘i J%\J 50 0 (HELDDIII'O [}J g
Uﬂmﬁ U;:::J'H:xﬁg diwusien Vo = ;ﬂEDH)f 3 f:ﬁﬁ”—
\ F{’& Efff——“ﬁ‘; = 35 B‘E'L’E'H — (b.ud +J 3).86
D "‘5'5"'“* L_::'
éfé?‘ufl
Wit) = 35 35 Los (500L 7
ﬂ {'HDU’;" - Ly [DY ‘
fﬁ@ U Sihg =y T fa,wjgu:ld-ﬁfﬂ 1'-::" an 55,7y [ 27.35°

o=ty 235

(i) = vrie tos({S00t —2?3*'-')

0-_3F.BB Ls(506L+62.150 v
\\?‘P’ urrent supplied by the voltage source = & .72 £05 {500 £ "E?BED/IIII -’q
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4. (25 points) Determine [ and Z7 for the circuit shown below.

-

| 2 ¢ |—w~.-'u—]

ZT-::- g [(‘r'l"‘jé'jﬁ(g't)‘fﬂ A -

: : o
o4 (4304
;T -2 y-gb 134
e s i
7 =}'e

= 2 4 495 [2.77°
— .97 [90° = 683 -U'J'-ﬂ‘? A

= 17346 #0276 A

z, - LAl ﬁfﬂb’d or (= {135 Lﬂl{???“ G

6%% 1)10G 0hms 173467 j 0276 A Bamip
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Note: All the steps that lead to your answer should be shown, In addition, put answers in blanks I provided.

1. (25 points) (a) Evaluate the following complex numb

_G4-pEeN0

10+ 2 5
[cez ) |- A’
]
(o L) " :
" (EE%':"‘
7= 'EG’:" - 1 Maf form (']"‘“ o
Tk o el W= 22
] r* fﬂ“l'-’“ 3 it
-th E
e {a\ ) {.5"* JZ‘/
1 A
Answer is } \)l

(b} Evaluate the following complex number and put your answer in rectangular form:

g Bedd T 16+ 1)

Exam #1-B




2. (25 points) Solve for- v_(f) in the circuit shown below using the superposition principle. Assume that R1 =

R2=4 Ohms,and L1 = L2 =1.0H. ad
' 0
R L1 L Rz
3 'ﬁl.‘l'l - " — A&
\Lr gl |
& 10cos(4t) v i o= Velt) =15V
LA -

v \ ® )\ e
N j '5 L




3. (25 points) (a) Calculate y (1) 1':& the circuit shown below. (b) Determine the current supplied by the voltage

e y 00
ZC fj-;&c_ Yo JAS)
. + 35
L= fggﬂﬁwﬂj "j 40cos(500t) V 0.1H _vn{t]l

a6 (TR
16,98+ )2 L{l’,"g SR

v (=

\ ]"’“ﬁ"“( Foe Mm#l.ﬂ

Current supplied by the voltage source =




4. (25 points) Determine I and Zr for the circuit shown below.

5'.""':‘:](& % M-l | 19 #e
TR N L
sev 30 p0
e 120/10° ¥ N
“".\"J'(ﬂ H AJ‘JUl o L
'{rﬁ"_-;“\']\'
S
3-)2
= Y% ‘ ,ni

4

;quffl.ﬂ-?'
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Name: TWﬂGﬂ T[ﬂ'dﬂﬂ qIn: P15 35550

Note: All the steps that lead to your answer should be shown. In addition, put answers in blanks I provided.

1. (25 points) (a) Evaluate the following complex number and put vour answer in polar form:

(- 38+ 1)
=+ 0

?\b/ Z {HF—JE"}Uﬁﬂgj: ESETFﬁjE}H

I 4 71

o
Answer 1s 1.33 _315.4 Eﬁi ﬁ:}y‘éjj-w

(b) Evaluate the following complex number and put your answer in rectangular form:
7= 60245

4+

+(16+ f12) : :

Cat -'..Hf-b
4+ 44

+ (16t 912 = 206\ +.§,j?,

Answer is _ 24 - '*Z‘:'V*/’l L%

19.2 £ 243° polev
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2. {25 points) Solve for v, (r).in the circui

:__|l Ll Lﬁ—lﬂ =

|l.:r='c"53}:i'a"-

n below using the superposition principle. Assume that R1 =
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3. (25 points) (a) Calculate v _ (1) En the circuit shown below. (b) Determine the current supplied by the voltage

500
300
Mt
H
50 uP L+

4 D1H= Vlt)

‘ETWB = 150+ By

v, (= % =
/ \/ - 2-:
Current supplied by the voltage source =

/ - o Exam #1-B




4. (25 points) Determine [ and Zt for the circuit shown below,

4 40 -I'f'ﬂ
1 FA———
v 9 e =t |
53 ‘_Li:: MO
n s et W
q_Jumilﬂ_{ﬂ_i
V20 10" 3+ 4 b
—%
f
‘y

{202 © G 4 T
ol
C-9224.1 =
A
. o
Z,- L 4% A 1= V1. ¥+t 0 H‘}”L/i-q
vV J
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EXAM #1-B q_lg
o “+ |O
Mame: SID:

585

Note: All the steps that lead to your answer should be shown. In addition, put answers in blanks I provided.

1. (25 points) (a) Evaluate the following complex number _and put vour answer in polar form:

-3 [O

_ (4~ j3)(8+ j10)
(10+ 712)

Pic s SR TR N I S S e
o0 Ju ) 0

AHEWWJ % ir ik Fﬁ{&#%@«m-._ﬁ

(b} Evaluate 111.: following complex number and put your answer in rectangular form:
6045

W QL= 307+ 02
20{Z + ?:GFZ‘; .
A
Yt 2

Answer is

i fm‘:’““ﬂ AR %@»m
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2. (25 points) Solve for v {E} in the circuit shown below using the superposition pripciple. Assume that R1 =

R2=4 Ohms,and L1 =L2= 1.0 H. IDLD [1 \J(I:‘}q Llﬁrj’! o

- | o B[R4
3 wzfi \/ HO Hﬁi dn lw
\J; :Q 10cos{4at) v G} @ | 2.,:5 J V(1) (’D T ey

e Exam #1-B




3. (25 points) (a) Calculate v _(r) i in the circuit shuwn. ow. (b) Determine the current supplied by the voltage

EMEZ = UYo/o \J/ C:Zi'fﬂ 2¥

Z 5"""'{"‘,_} (O {Wgzﬂaﬁﬂﬂt} v (£)4olo e {w{t: e jE’G

Current supplied by the voltage source =




4. (25 points) Determine [ and Z1 for the circuit shown below

T
S
ZT;Q ;mglﬂ{ffjﬁ}'%ﬁ )I
o _ 1zo/10
-5 MWWZ
I= WM
+’4 ,!Jb ﬁ“
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EXAM 2 (B)
Tovw ATTIA KE
Name: SID: y

Mote: All the steps that lead to your answer should be shown. In addition, put answers in blanks provided.

1. (25 points) For the entire circuit shown below, R, =50, R, =80, ,and ¥5 =25245" ¥ rms calculate:
(a) the cumrent I, (b) the power factor, pf, of the source, (c) the average power delivered by the source, P, and

(d) the complex power, S, of the source. \
Eﬁ- B
I?% W 'J . R R2
e | 50 | Ba |
182 VS = 1002 ?ﬂiﬂ
SRR R
5 .1'.3?5' 5'-“'.' '
-5+ JmIE’ ! E} ' _..@,.XIE 33 WAR
Lﬂ — 10 +8 +) B .
= {EnBJL-J‘“ . c= P +J
. JE‘ = 3).69-,/333 VA
= b 151? ﬂf'i‘ fﬁ”ﬂf_zfﬁ"lu
'y Ve 25[45" -
YEE%] ?eﬂ JH-'E‘MI
= 375)61.8F )
b) ﬁa&iﬂmﬂl\]i los (45 =606/
Eﬁhc = Cos(-2281°) = ﬂ":!}ae
&) P = Veg Tems Gos (Bv- g,
1{?@ _@5)(11375)(5 ‘?EE) 3169 W
L ;
I= H?ﬁﬁﬂﬁt"pf_ i qee p= 21.69W o= 3469 .J;,rs._:j, vA
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EE"{
L. (10 points) In the circuit shown below, R = 1002, (a) What is the Thevenin Equivalent circuit at nodes a and b7 by -~

What is the load impedance Z that needs to be connected to nodes a and b for maximum power transfer to the load? (c)
What is the maximum power transferred to the load. Assume that the current source is given as dcos(100t ) A

"2

. _Jﬁ-ﬂ T I o a
40 u:m,q Jiﬂﬁ\%ﬁ"l“‘ R 2l Fiw0a

&) Foe madimidm pontes

-4
\ ot |
&5 TRovenin vohoge eoleufaton enid s [@

\JTh“ ob "@mIﬁ it 2:..

Using current divis/of e )
Jﬂ? _.M .._EJI-DL_ﬁ ';-'EE‘U&:E]- 3J
o —)5 0 D1)5 @) Lo
_ _23.519 5
e 358 [-24-5 i v & 2,22
~26.57°) £
V =@m)(3’55fi—-—
o
= 35:8[6343° V ; Vo 358 (29
) Thewenn »—;DW“" olusleron T 23N (646)679)
bL3.43°
_Jﬁ__n G,JZT‘I BEEL..— T
00 Jrﬂﬂ = P E"'l'" i..j-jl.—'a' i £
Powrer d.rfv‘?sz’”*‘tﬁd’m AR Sl
- ol (10 -9 o po= Tems RefZJ

_ UD—JE—J 10 * g 2.2y B
\—ﬁ :i’}—rw 1% NL‘ [f);i‘:" 2y 8
M b (348 {opt) =2

_-E.’ff} 07 W
- Exﬂﬁ.ﬂ- |

Thevenin voltage = 35‘5‘{—%-3— g Thevenin impedance = 8""{5-‘1
Load impedance Z = B-jbsL maximum power transferred 1o load = 200 TV
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KEY
3. (25 points). In a balanced three-phase Y-Y system, the source is an abe sequence of voltages and V. =120£0" v

s'.:.h' ission line impedance per phase is 1.0 + 2 £}, while the

; * o v per-phase im

(i) rhnﬁampmﬂeufthuhmum.{u}dﬂmimmmmw st pnﬁlmwfd\nl_nldh-i:ﬂﬂmn_
the total avernge power supplied by the 3-phase source. pated in the 3-phase load, (i) calculate

Van = 120[0°V rms
Z—r — f'f'j.a._fl
2*.'; = & 'ﬂ'J .’Dﬂ

e}
_ Applr 120[0° . _ 120/2
%UQW& RFU'LJ = Zr+ 2y #[HFJHH{N?) 5+l
.1.5 r
B 1, - qnpass [Tl =982 ™ 2p ey
1 Powier chissipated In #ha Lood P = /
B¢ P =3 %923 x4 = 102230 W '

| . Haoo Sowrce js Tt
(@;“1 Etmﬁjf E:EJ 5ufﬂiﬁf{zﬁﬂi it WranSmission
ond The +ood
B It T sjra et 7 3% Re (2]

r;:ruru.- &

fo = 31‘?,333(:} +F 1b22i31
- 7255.50 + ipee3l

—

= 12789 W

2 ' 8
Line curment = ‘? aﬁr‘u total power to load = fﬁfz'.'? W

Total power supplied by 3-phase source = = 1277.9 W
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I&E‘f
4. (25 points) For the figure shown below, load per phase, Zi = 6 + j9 £, and transmission line impedance per phase,

Zra= 1.0 #j1.0 L1 () Calculats the magnitude of the line current, (b) determine the total power absorbed by the delta
connected load, (c) calculate the total power dissipated in the transmission line impedances Znu of the 3-phase system.

ﬁﬁ'm.r{.n'f? Ha debto- connected It
Jo ok ‘fﬂ?‘wt}f{miﬂ-&ft Lood | ¢
7oz B b 24380 G u <
@ Al > 7 " 2
- 7 ,;Ji_r'l I0AN V() () 120 L v L
Longidering ene Phﬂg& ﬁﬁ'm = o L‘Z'TIT;
reaults Wie-Wye 545, o Zrap
i ¢ A

Eﬁﬂ*—-—u—h—— Zrm
o i- |
_ l2olf’ '

_ Ven = ;
to. 2 t £y {;_,,Jj_}-}{&”ﬁj
_ 120[9° o 2483030
3 +)4

JI&’ = 24 A ems ; i |
N Total Poweén o-bsur bed-
(" Jmﬁfﬂﬂ_: lebfzf?’ef vl

i P =3n2ytyx 2 = 3456 W
) Totnl P O e d:’ﬁﬁ:’pﬁ#ﬁ bj '
FeOL NS 56i0n 1i0R, Fr '.

- “Ref Zn
b2 3Rl Rl 2 p

Magnitude of line current = __ .E'!f al Total power absorbed by 3-phase load = 3456 4

1728 W

Total power dissipated in the transmission line impedance =
Exam 2({B)
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EXAM 2 (B)
Mote: All the steps that lead to your answer should be shown, In addition, put answers in blanks provided.

1. (25 points) For the entire circuit shown below, B =50, R, =80, ,and VS =25245" V rms calculate:

(a) the current I, (b) the power factor, pf, of the source, (c) the average power delivered by the source, P, and
(d) the complex power, 8, of the source. -

Zu= S+ (50 [18+]8) 22 . RLR2
- 54 fl. 7@ =iT-2¢ AN, WA f_'“'l
= o =370k V5 5 =i 10K} "-:-_; jRE
. |
o Yo 254887 = 1.37M206781°
E1s fo7s =i T ok
PP = tai(6eoi)= far/M5- ¢7.877) = 29217 I'f‘ @h ==
Y5 F . E1N S A e =— I cprnai =
J (25)(4.1M) s 05
F \i{r ( in Ims) r
5= 7L Rel211) T oms InlZ] '
§ = (LI (e1ER 3013797108
5 I!:H,.*"J“W/ | )
S o
- d—-f- H"“—
i T -\-\-\""-\-\._\_\_\_\_-
s -\-\-\-\""-h\___‘__
.--"'f- -H“-_q__
’J_,ff"f'f. HH"‘“‘-—-

[= Iu}ﬂ- 6185 pf= a.t{}/‘“ p...#ij,&}@: S= Jl.éd g i1311 w

I
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2. {& points) In the circuit shown below, R = 10 £1. (a) What is the Thevenin Equivalent circuit at nodes a and b7 (k)

What is the load impedance Z  that needs to be connected to nodes a and b for maximum power transfer to the load? {c)
What is the maximum power tran

to the load. Assume that the current source is given as 4cos(100t )} A.

= Joz1e8T" —o b
— Jotesfiaat +15:87)

current hvision
t: and Ohm's faw

(v L
Z =510 Il {1e=35)
Tﬂ”f“.jﬂ 4&;&9 H% iz = Zr1,
.-'—‘_-.-__"_
Lt le=ag
I y

Thevenin voliage = e tos {lart +34.8 :rd_]..- Thevenin impedance = 4 &ré
-
Load impedance 7 = m " = ?)

s 2

maximum power transferred to load = !
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3. (25 points). In a balanced three-phase Y-Y system, the source is an abe sequence of voltages and ¥, =12020" v

rimis. The transmission line impedance per phase is 1.0 + 2 £3, while the per-phase impedance of the load is 4.0 + j10 0.
(i) Calculate the magnitude of the line current, (i) determine the total power dissipated in the 3-phase load, (iii) caleulate
the total average power supplied by the 3-phase source.

= Jeele’ . 9931 2-0118, 25

La ”21'*21' 5 *‘”LI/

Total Pavite disnpases ¥ phaseload

F::I?'ﬂ:s E{[z:r ;
p=3(3.211)" ()

p=I1921w

T!’-"-iﬂl Baprsi ‘EUF-:II.I:!,{ b Laufeg
Pz 31 ¢ Felifr+in ]

P= 1082310 (6)

F=127%w

Line current = _ 7. £454 total power to load = Jm

Total power supplied by 3-phase source = __| 278 w /

v
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4. (23 points) For the figure shown below, load per phase, Zi = 6 + j9 £2, and transmission line impedance per phase,
Zou=1.0+j1.0 L1 (a) Calculate the magnitude of the line current, (b) determine the total power absorbed by the delta
connected load, (c) calculate the total power dissipated in the transmission line impedances Ziy of the 3-phase system.

Z,.=2a E-F:i:'ﬁ:if—,'u-: rEXER
1 ‘36/

oo Ve s T g -5303°
el gy 3H

Telal A E-r J padce -9+

Pz 1T2RH / osw 2z
=3 (2% 1;/
= 1Y, W

@ N
Fnal P sy o fitiated sen TTRAIRRSSEN

PziTlin: FelZim]
:;'!"J'U/r’-'ﬁ

1128w

Magnitude of line current = lﬁfg /" Total power absorbed by 3-phase load = - * ¥ /

Total power dissipated in the transmission line impedance = ”2@/

Exam 2(B)
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MNote: All the steps that lead to your answer should be shown. In addition, put answers in blanks provided.

1. (25 points) For the entire circuit shown below, K =50, R, =80, , and 5 =25245" V¥ rms calculate:

(a) the current I, (b) the power factor, pf, of the source, (c) the average power delivered by the source, P, and
(d) the complex power, S, of the source.

sn N (5 . R R2
L'f} i- Sl i Tl

o By Vs

W
T -0 A0

' z C ;=310 =0 Z50°
‘EW; H,,ﬁ»}ﬂé/;t G -:}’”I'“E"f:la-}]
E:.'aW"LI' ¥ L SRR

oD 2o% |

e (e 15_%?% ‘*:"191_.3
S a) Szis|edgpsise

: 15(eeMS8' 1325 S 1S




i

J , .
1. {lz-pnilts'_l In the circuit shown below, R = 1002, (a) What is the Thevenin Equivalent circuit at nodes a and b? (k)
What is the load impedance & that needs to be connected to nodes a and b for maximom power transfer to the load? (g)
What is the maximum power transferred to the load. me that the current source is given as dcos(100t ) A.

jonr 5 /-40°

\F : U( _j?'lﬂ o f
19 / 90° ]
28 o wa@ Rz, Fjwo
ier. ™ . Jo J¥
SR " -5 o b
2m= 10l (10 ) | »

-f E:éﬂl:’axlﬂr‘ﬂliﬂﬂ = S 0% .

S 2 9 | g
II::'L.C:_ i | ‘1_:}.;;

Wax 1= YOV

- b s sy e

S A0+ 10/ ﬂﬂ“_h

) Lood Lmpeduncs = Zy

=

I.- Iq ) 1-1 = FR
f 3 A b r% '.F"'-" =5 -\,_|= _II_E;.E':'_\.. 1
] : - :

~ Load impedance Z = maximum power transferred to load = Y_

Thevenin voliage = ?Z Thevenin impedance = E
/

Exam 2(B)




3. (25 points). In a balanced three-phase Y-Y system, the source is an abe sequence of voltages and ¥_ =120.20° v
rms. The transmission line impedance per phase is 1.0 + j2 £1, while the per-phase impedance of the load is 4.0 + j10 Q.
(i) Calculate the magnitude of the line current, (i) determine the total power dissipated in the 3-phase load, (iii) calculate
the total average power supplied by the 3-phase source. ' A

Von = 120 £0°V

- L M
[1-{:. + a)+(40 +_-;H}} 23 2 4.0 +3\0
L0 a0 &80

_ e 3 w
S5+ 1 i) P Voms Lomslos(Bu- @)

-£1a0) . 33)son- 8,

| = 923 [P 2z ™ lé

- q. a0 A

p—_ |
JE—
-
|

Line current = | total power to load = \/

Tatal power supplied by 3-phase source -\_\ /

/\ Exam 2(B)




L]

4. (25 points) For the figure shown below, load per phase, Zi = 6 + j% {3, and transmission line impedance per phase,
Fom = 1.0 +j1.0 £1. (a) Calculate the magnitude of the line current, {h}dﬂmum the total power absorbed by the delta
connected load, (c) caleulate the total power dissipated in the transmission line impedances 1 of the 3-phase system.

- A
Zz b *f‘l.n.
Lra = L3+j1e:>m_
=
Ly= 2o _ ¥
i
. l.
z:j: ;*jgﬂ
:1-) e = W = 10 Gaj ) T
e s = 5 t‘:i_ —
L+ Ty {i*jﬁjﬂt-ﬂiy.g} 2.6\ o W) £.0%
el 3\75/
o el _.J
r"‘h i ' - = | = . 4 . )
2P =3(3Y (29 ¢ 3(23-9) (2)

Magnitude of line current = Total power absorbed by 3-phase load =

Total power dissipated in the transmission line impedance =

Exam 2{B)







PRAIRIE VIEW A&M UNIVERSITY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
NETWORK THEORY II - ELEG 3301 P01

FALL 2021 0"
EXAM 2 (B) 29
25
Name: "T?_i‘t-fr'i Jpnrs SID:E2|Zn72s= ,*'I;i

Mote: All the steps that lead to your answer should be shown. In addition, put answers in blanks provided.

1. (25 points) For the entire circuit shown below, R =5, R, =8Q,,and VS =25.45" V rms calculate:

(a) the current I, (b) the power factor, pf, of the source, {c} th: average power delivered by the source, P, and
(d) the cnmpiex power, S, of the source.

R1 R2
=AW —T W "'-.-'_""']
D425 _Jlm T =l 5 s
|

24,=5 14 J'ﬂi] B1)8)]

"'.

r# "ﬁ+g+i_-' -"I'E'j F Urmk—»-n-.a'.-.{ \@/E’Ejv E]I;
LT | - 0.5V, rtes Loy —
(2-1oWb 18 |
* ;L E F(F‘::-/j{ Uiﬂ’ﬁjiﬂﬁ{:_f_q 90 ) -*1%&.'?"’—’5
A RV 29-5,25%713 ~H )f‘%f}am( 3,1 ‘J‘D} 3“| #,f.:H

_'l::1'|1 YRes S 39 *—}f:'-:a!,"} ( q\\____ /.<
T@X - 5=Pi)9 e

—_l_ ;_.—1|.'Jllr_r : M — r'i.?u.l'_.]jﬁl 4 YT
= -7 rnqaw’w,, i

-_T el ) 2 I e W | }j?,lﬂ'u'l

]
3 1
-
I=2.03 ‘rHE';,f= .‘T‘?g@/ F=£j_¥-|'5*.- g=4Y, I'],'-,I'_____z
‘,f g f™




P
i
2. L‘W points) In the circuit shown below, R = 10 £2. (a) What is the Thevenin Equivalent circuit at nodes a and b? (b
What is the load impedance Z  that needs to be connected to nodes a and b for maximum power transfer to the load? {c)
What is the maximum power transferred to the load. Assume the current source is given as deos(100t ) A,

- J&i
l
'ﬂi{m&.{!}u{‘}) 05
.f/
4R OB 17je) = gt
SHEEE e i )
i 2T M _ Ao
) - “fﬁwﬁm “ziz Za=0||(0 ) /N
; x

£ Wi
IR IET UEVI duvidon
,fig Hfﬁ ﬂhh:ﬂfﬁﬂhglam] .

L b 3
Ahve = 14, 19 LY = 1,997 7 9 5

— e — —_—

Thevenin voltage = 149, M Thevenin impedance = .-f>'<

Load impedance £ = ‘f - {O maximum power transferred to load -7A: -

Exam 2(B)




3. (25 points). In a balanced three-phase Y-Y system, the source is an abe sequence of voltages and V,, =12020° v

rms. The transmission line impedance per phase is 1.0 + 42 £, while the per-phase impedance of the load is 4.0 + j10 (0.
(i) Calculate the magnitude of the line current, (ii) determine the total power dissipated in the 3-phase load, (iii) calculate
the total average power supplied by the 3-phase source,

0

Lime current = total power to load = ‘.\ /

Total power suppligd by 3-phase source = %

Exam 2{B)




4. (25 points) For the figure shown below, load per phase, Z = 6 + j9 £3, and transmission line impedance per phase,
Ly = 1.0 +j1.0 L2, (a) Calculate the magnitude of the line current, (b) determine the total power absorbed by the delta

connected load, (c) calculate the total power dissipated in the ssion Jine impedances Zny of the 3-phase system.
E e _/z : 5
12&4.&”"” 1 + ::I | X : Rt LT FE
itiin
| *) 1oAY

[ e

¢~ 1.83) L 69,992

30, 3’5)@: yﬁk’{f —~5

Magnitude of line current = Total power absorbed by 3-phase load= | ]37.4.2 v

Total power dissipated in the transmission line impedance = ]‘{”ﬁ/\k{'\;{/m ..-"é

Exam 2(B)
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PRAIRIE VIEW A&M UNIVERSITY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301-P01 NETWORK THEORY 11
FALL 2021 EXAM #3(A)

MName: J‘&'Hﬂ ATTIA SID: HEY

Note: All the steps that lead to your answer should be shown. In addition, put answers in blank provided.

1 (a). (12 points) Given a parallel RLC circuit with B = 20 k£, L= 40 mH, and C= 50 M F, if the circuit is magnitude-
scaled by K = 20 and frequency-scaled by K, =10, find the resulting scaled values of R, L, and C.

R=40k2 L =YHomH, £=5buf,
P! = KR = Zp¥20k - H00KIL

11s Ky 20 woui® = goOXIT = BXIO7H
Hf* - 5"’3"’5{’ 50 302 25w "F

=

4 o T - —
scaledL=_"//0 17, saledc=_2 5 A0 F

AR ! ool 1 s
1(b). (13 points) A JESRI.CnttwurkhasR—i

resonance, (b) the resonant frequency (in rad/s),

2[w) | Y 2
e R

scaled R=_ '”[j#-“

=36 mH, and C'=10.1 uF. Calculate (a) the impedance at

B mms SN 1 9
D-) i{lﬁ‘\]_- £ "*_J Jw
At resononté, Z(w) JG fJfEJ; reod
Maue, Z(w) =R =

} s

i——

f) Tha mesonont oAy, o = e, = FIE

| ol f_.._ - -—-—-— = JI'E!I % el
Mg — 5 T L=z bbby redfc
PO T g 6wo &
. ’
Impedance at resonance = "I'F—'ﬂ- resonant frequency (in rads's) = .Ir El_? Y0 Fﬁd%

]l_@ﬂ \]‘.?F.Fﬂ Exam #3(A)



KEY

2. (25 ircui signa
(2 pnlprnl:l} For the circuit shown below, B = 15 Ohms, L = 10 mH. If the periodic si
o Dnmn;_[.'] = 30+ 10 cos(500f +30*)+3.33cos(1500¢ - 50°) V et e
ine the current i(t) flowing through the resistor R, (b) determine the average di
power dissipated in the resistor .

Deing Hai Suplb. :
3 &u [y FITP%A[W | W;
(I} For Vg =30V, we dorrt | o
' Vs(t) i E
“"'-..!\-5 *—W'&
x\tj? P 30V |53 & ; |
3 - | [ "EJ*‘M 2
:é‘t-} B | :_". 5.33 _5 W I IEJ
{ 15 = £l 1:5;12
Fin Vg2 = 1000 o}y 33 |-50° |':
(H} v Ve : s(5opt +30° V i BiE 33-:§L__"r}_ =016 -gL"Y
f’r:!;fﬁ’u'ég'—” jo [30 J W= 500 redfs SiAe
7, =jwL = ) (500)0%0°) 1 (2) = 01 Los (1500t ~95°) A
= 5N () 2]
s L) = L) 4 Lo (F) 4-‘!_3,{1‘}
- — 2 +0:b30s (500E +1157%)
IE + 0.6 eos (1500t =95°) A
2
2
— K 'E’jij R ﬂl‘—f})
70 b) P (:“ r(ﬁ : v R
w e, P
1577 A ; ﬁﬂﬂfﬁ] 0632, 0615
| P ".:‘J_“? T = P ]1}
), For Ves(® _ 333005 (1500t -50) _fu +0195 4 0 bj2B] %5
ff;"f:" Vs = 3:33/-50° w= 1500 e = [4.210B]%15 = 63.16 W
Ze=)wil=) fn’?ﬂﬂ}ﬂ'w-’ﬂﬁ)fj 150 J N Eﬂr_ﬂ
i) = 2 40 b3Les (50t +H:E?'f} FOulb lps (1500 ¢ -q;ﬂ)ﬂ
Average power =

Exam #3(A)



; KEY
~ 3.(25 points) (a) Find the transfer function H(w) of the active filter shown below. (B) IfR. = 5§ C=1uF. determi
the cut-off frequency (in Hz), (c) What is the gain at frequency of 500 Hz? © . T mine

R = 20K
Ry
R C 1]_{7
+ %
Foor mu{m'imﬂ_ .-;g;,\:b{gum How, L °
Z, | [&J Hiw)| = weky
l"n,é e 1'-":} (5 m
P Heo ut-off 74V
(7 ’-?1 | b= %ﬂ% an |
_1—;’;—:"‘-—2'—“ We = Rl mj
“:,3 - pE. |
Z, = B | 4 JwRC W = L=
7 - +J_=j;;23'" = 200 rods
’ INE fo = = cbb 3182 Ha
U N [ 21
i H{LUJ = '——'_'_"_EE} . -3 = Eﬂ-‘{gﬂﬂ):fﬂ'ﬂﬂm:
Ve (1 +jwReY pw O weand wiEYeone’)
C-Qf f )'f s f;nuﬂﬂ‘l’
ﬁf”]‘ = —;LEJ“W'E }H L= joosl ijfmpﬂr?’;fﬂ[?}f}lﬁé}
H ) v 2ol
20%10° Hio) = 207 =
s () V1 +ln? [rs 157
I ( \ _-?_E.?_I.FL— = ':‘-j—q:"?:' = 399
3 JL,J.{E:uﬂ'EJ __Zn{é:ﬁ'ﬂ il
T 4 w(Ew) | 5pts |

BA wrY
Hi{w) =

Cutoff frequency (Hz) = 382 He

gain at frequency of 500 Hz = 3 ﬂjl'?

Exam #3(A)



I#LL-'\?‘

; . ~ (s+10)(s+ 500 :
d{a). (9 points) For the transfer function H{(s) = (s +70)(s +160) determine the poles of His)?
%.
les: Hs) <= M,.-"-fg'*’
for po H{s) —F2)

D(8) = 5 (5t 70)(s+160) =0, e 8, <7000

Fﬁb]és are 0, -7, ~160
%/tj.‘l:-l
\’_’PE’" O, =70 =160

The poles are:

25
fw

1+ =—
500

4(b) (16 points) The transfer function of a filter is given as: H{s)=

{i) Determine the cutoff frequency {m I-LT.} {ii) Caleulate the magnitude ufH[&: Yat @ = 5000 rad's

(8) = Hiw) = ) ()| =
gy uﬁ@j
D A+ Ho wd-off {ﬂ.qﬂn 'y
We = | = we = 500V
500 fﬂ:ﬁgﬂﬂ_ﬂ#‘m.ﬁ? Hz
1Y P

25 - =¥ —E#QJBL}E{‘

II“} H{ujjlw-;ﬁ-ﬂ'ﬂﬂ'r: Wﬁﬂﬁ } 'U‘D

) = 249

Cut-off frequency = "?q' {7' H‘f magnitude of H{w) = E Lii?

@ @ Exam #3(A)







FRAIRIE VIEW A&M UNIVERSITY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301-P01 NETWORK THEORY IT
FALL 2021 EXAM #3(A) ﬂ
-0/ .

Name: _ iix4 falbv giD:  P2127] Rt

Note: All the steps that lead to your answer should be shown. In addition, put answers in blank provided.

1 (a). (12 points) Given a parallel RLC circuit with & =20 k), L= 40 mH, and C = 50 4 F, if the circuit is magnitude-
scaled by K, = 20 and frequency-scaled by K, = 10¢, find the resulting scaled values of R, L, and .

R'= Km Rz 20 (20uh!) : o qos g1

K L-.T'F(lfaﬂu‘]} H '?h.li?-"‘" ?\5
R 25::!‘-*'

” 'ﬁj'ﬁ" fzun'rjfsal )= -/

scaled R=__ 977 scaled L = E’f// . scaledC= ﬂ'gﬁ_ﬁ‘"s/

1(b). (13 points) A series RLC network has R= 1 k€2, L = 36 mH, and C=0.1 £t F. Calculate (a) the impedance at
resonance, (b) the resonant frequency (in rad/s),

o )
Z = (1307) 4 jweex)+ sy

= 1000 = Jw fox1=) RS RPN I YT
wh = e Jeris Voark™) .I,-'”"'J

Exam #3(A)



2. (25 points) For the circuit shown below, B = 15 Ohms, L= 10 mH. If the periodic signal v, (f) is given as:
Vi(f)= 30+ 10cos{500f + 3ﬂu}+3.33 cos(l Sﬂﬂr—ﬁﬂ"] ki
(a) Determine the current i(t) flowing through the resistor R, (b) determine the average power dissipated in the resistor R.

P Tupwd _ﬂﬂ. Feapd R
Vye =30V Ly =500, V=0 L3I0 At s
14,0 = |5ae, ¥ T J-11 Pt L i(t) ==

vs(t) @ L

12y k/ \% .
el e 3
. e
Uias VaHase Pintian . - H _

E
LJg = §oe Va = E'lr_] fr:;l =
| | s __,H:_-—-—-— Wae- I = I_'S.J.r_.-.
= 3?.‘3:?{‘54,‘;%“:”']}) _'_.-"l g '?i 'E‘
= 2%49¢ £ )51 — I.= ﬁi |

3 )
Ws; =500 .= 333250 ( 5300 )

W 3
= -¥5" =Y. p572-95
= 2,36 /L-75 . - a V
P=VI

po(io)) = bog o

w2 | ;
Ff = (234 £U-ET 190 21157) + (236 e} 157£-95) = 5;_—_?'_%_4.5'-.3'-3
a: = —_

gq.e7/23.36) ¥ . 1785 £ {7

) 2 i
F:’Wju{ $231.26) 4 0. 2755 rai

e

—
—

———

43.0%) LalTaiearfidssg ey

-\
i{t}-l/f'f'*iﬂw}fwt J-J—H,'iﬁ-f' rn;r’.lgmg..-'_;}f average power = Gotihm:
L ‘ 'H.\. v

Exam #3(A)
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3. (25 points) (a) Find the transfer function H{w) of the active filter shown below. (b) If R =5 K, C = | pF, determine
the cut-off frequency (in Hz), {c) What is the gain at frequency of 500 Hz?

Ry=208n

;M?@l;

104 !
= e W _.__'_L-—l-h—'-
5k ¥ Junms®)foee’)
(i
||'5.| ."l
-'llllll

f
/
|III
IIII
|'IIII
Cutoff frequency (Hz) = & gain at frequency of 500 Hz= [ ;N})
s

30 “E Exam #3(A)



{5+ 105+ 50)
s(x 4+ T0W s + 160)

4(a). (9 points) For the transfer function H{s)= determine the poles of H(s)?

‘V/M‘J - ar:n:r«‘// O —3

The poles are;

4(b) (16 points) The transfer function of a filter is given as: f(5) = 15.

1+ 2=
500

(1) Determine the cutoff frequency (in Hz) , (i) Calculate the magnitude of H{ & ) at @ = 5000 rad/s

= s
| = —3; 5 (e Soe = ;:ﬁli?w/
2T
25 3
|'__|'||:5:| :._1'5 - ‘%ﬂﬁ'ﬂu'zﬁ
T

£na

Cut-off frequency = F"‘F;Fﬁ_ﬁé magnitude of H{w) = M‘

Exam #3(A)






PRAIRIE VIEW A&M UNIVERSITY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301-P01 NETWORK THEORY II
R FALL 2021 EXAM #3(A)
|

0
5 b
Name: < / :'-H:”'Ji L"b'rtﬂ HE ﬂ SID: LJ _?/Tg rﬂ}r Fl h]

Note: All the steps that lead to your answer should be shown. In addition, put answers in blank provided

1 (a). (12 points) Given a parallel RLC circuit with R = 20 k£2, L=40 mH, and C = 50 g F, if the circuit is magnitude
scaled by K, =20 and frequency-scaled by K , = 107, find the resulting scaled values of R, L, and C.

P |
R'= KR L=t f“ftfthf
HJT {'Eﬂ.:'(lﬂ’”"j) L’: m{‘?ﬂ;m} H:—J [Foxi)
-1.

veol e g =¥l

S

4 R | 2 .
scaled R=_F0X (0 scaledL=__ 0 X fﬂL/sca]ean 2,9 ,1[;#’””#

1{b). (13 points) A series RLC network has R= 1 k02, L =36 mH, and C=10.1 g F. Calculate (a) the impedance at
resonance, (b) the resonant frequency (in rad/s),

(b) v = T

3
P — o G bG, &
Wo - Haxrﬂq‘”p,;;m“"__j - 6 7 H'f

e e

£ e I
ﬂfz..r_';'w;l: Kriwl * Twe

J Wi 4
. . =1
“lxd ) + Jwlietio )+ ST

W= [he 666 7 oy 4
7 ([ria®) 4 JUIweebT)(3LX 10 PR S W E TR

2 - low ti(pvie’)

5,

= - i 4
Impedance at resonance @" resonant frequency (in radgs) = | 56 F/r"ﬂ &5
Exmn #I(A)
o TP bl | n\i;ad_a na_ )b I:»u).u.j




2. (25 points) For the circuit shown below, R = 15 Ohms, L = 10 mH. If the periodic signal v, (f) is given as:

Folt) =30+ 10cos(500¢ + EHJ"}+3 33 cos(1500f - EI]"} W
(a) Determine the current i{t) Nowing through the resi {b) determine the average power dissipated in the resistor R.

R 501

Vo
(a1 ' 30 i) ?f’“hj
- Vs{t} L Elnnl.r
4 2 5/%11 et H

26"

i

Wz o0 |
_ jcoe) CiExle )

Lsrln EL._ 15 T3 W'dl_r

i . .
UTER T o X 3

[ asé ;ju’: 1,33 A P
g-ﬁw}[wm}

"*)Df‘{ L|5

i 'Iﬁi'.'

e L~ 3
(&) i ”J-.h___ ?j;;(‘il{ 504 tafi( p)ﬁi{lﬁnf ))ﬁ'j l
ALE

i 7 El

Exam #3{A)



. 3.(25 points) (a) Find the transfer function H(w) of the active filter shown below. (b) IFR =5 K£, C = 1 uF, determine
the cut-off frequency (in Hz), (c) What is the gain at frequency of 500 Hz?

) sk T

\g MH t—uiws.m—

Ry O &ﬂ""ﬂ

L.

| -
E;:Hﬂl’[m\l =
zﬂ:iﬂh ‘

i

@) v _ oz _ _ _20
) - - &

<
(

W)

. 106 K

T —

|—‘J_“_

5 I +[;w[~r:n#' ) }
Cutoff frequency (Hz) = _| q-%ﬁ'j He gain at frequency of 500 Hz = EM

-~
Exam 83(A)



d(x). (9 pulnts) Far the trapsfer fimction  H{(s) = —+10X2+30)

determine the poles of H(s)?

(& +T0N 5 +160)

4(b) (16 points) The transfer function of a filter is given as: H{s) = 28 -
I+ =
500
(i) Determine the culoff frequency (in Hz) , (ii) Calculate the magnitude of H{ @ ) at & = 5000 rad's
- 25
s If ) i {] — ———
1) i) i e v
HOS ) = i 4
= s ouy

= 8.l
H{wfl - i ,{_p,_l[.{.dﬂd'ﬂf

X gparen ol o "

= ff T4 sk dedermint
Wl Rl e

Exam #3(A)
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Cut-off frequency i H: magnitude of H{w) ]
re P






F) PRAIRIE VIEW A&M UNIVERSITY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301-F01 NETWORK THEORY 11

FALL 2021 EXAM #3(A) > E}' Ag 7 %-]I ?D

Mame: :E, .‘"hl""“ !I \0&d SID: Y2.1542422.

Mote: All the steps that lead to your answer should be shown. In addition, put answers in blank provided.

¥(a). (12 points) Given a parallel RLC circuit with =20 k0, L= 40 mH, and C =50 g F, if the circuit is magnitude-
scaled by K = 20 and frequency-scaled by K,= 10%, find the resulting scaled values of R, L, and C.

K =20 Lnbuj:L.ﬂer%
LT §
£F= 1
Losw = (10.072) (22 1)
erﬁm:h{m'?" =¥y1075 =
H-mu =20+40 0000 'y

““J:tfﬂ K
ks

':-rul (5010 :l‘j/
(20.107)

=2.5xlge F
scaled R = Y00 scaled L = E;M!EQ . scaledC= F

1(b). (13 points) A series RLC network has R = 1 k£, L =36 mH, and C=0.1 g F. Calculate (a) the impedance at
resonance, (b) the resonant frequency (in radfs),

: 1|:'.I1:]r"|‘_-!"-\.|"|l"."il.l" pn:.q-_lf.ﬂ{.ld

=UDok

b,y '
Jmpedance ab Mesanance

. |
| wo= ([T
P.\_ r;!u_‘:.l__ + IIIII:J L) I; / ____,...-
B 2Lx1072 )L uin” "
= 1000 1073y ¢! I

+ lJLuJ{3ILJU.J ::H- f:ml:.h I-SI-LJ' e s

_ B : r"JS-::n'*i"‘

W= 1075
Wy = 1, bbb, LT oadfsac,
';:'.'ni.l‘-:f.:
Impedance at resonance = resonant frequency (in rads/z) = [ vd[aad

/ Exam #3(A)



(Z) (25 points) For the circuit shown below, B = 15 Ohms, L = 10 mH. If the periodic signal v;(f) is given as:
Fe(1)=30+10cos(500¢ + 30"+ 3.33cos(1500¢ — 50°) v
(&) Determine the current i{t) flowing through the resistor R, (b) determine the average power dissipated in the resistor R.

GitR
. :l gurnrent Lhrgugh K 5.0 —AN
oy | L HE i(t) ==
: g vﬂ{t] L I'I:i I'-',T|;
*u'n#.@ E 10 mH
|
| |
bj ;‘Jl-l'-fnard fa an i ted

o/ e \/




, : 3. (25 points) (a) Find the transfer function H{w) of the active filter shown below. (b) If R =5 K£2, C = 1 uF, determine
the cut-off frequency (in Hz), (¢) What is the gain at frequency of 500 Hz?

0.} Toans fep “Funr;tmr'.
Nw)= Y3, ()

- W
#15 st ||
I __-ﬁ

Y Yo

&)

|||'-""
L=

. ‘:I'Elﬂin at 500Ha

Hi(w) = -3
Cutoff frequency (Hz) = 'E i gain at frequency of 500 Hz =

Exam #3(A)
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t

H

d(a). (9 points) For the transfer function H(s)= ;::;E:Tg]u} determine the poles of H(s)?

{?::r_:}) {5+5[§.J %_E‘_Eﬂsﬂbﬂj —7

= ~ i —
Ifg:_m.r--_.ﬁﬂ": : ﬁ_ﬂquﬂa_”"ﬂ x'|
5 -'“H._____;__FL"'-:I e
- é‘;’
The poles are: "j,- I, G5 = | (]

4(b) (16 points) The transfer function of a filter is given as: A(5) =

w

1+ =—
500

(i) Determine the cutoff frequency (in Hz) , (ii) Caleulate the magnitude of Hi @ ) at @ = 5000 rad's

)[‘.u,.';,gl:'ﬁ’ Fll:.ql-.-m AN H")mnﬂh't'”d':’ at 5Dﬂi"”-ﬂd.]||ﬁ{.|:

25
3)= Ty yw

500

= a?.i-uﬂ/
T}{Jn:'"!ll.'l

= in L

Exam #3(A)
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TOPICS COVERED IN FINAL EXAM

1. Magnetically-coupled Circuits
2. Two-port Networks
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PRAIRIE VIEW A&M UNIVERSITY
DEPFARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301-P01 NETWORK THEORY 11
FALL 2021
FINAL EXAM {(A)

Name:  JoHN ATTIA SID: IKEY

Note: All the steps that lead to your answer should be shown. In addition, put answers in blanks provided.

L. (12 points) Using the two-parameter conversion table shown below, calculate the equivalent y-parameters
of a circuit whose z-parameters are given as: zi1 = 100 £, ;2 = 20 £2, #2; = 20 1, and z22 =40 £}
Conversion of two-port parameters.

E o h B T i
T N ™ W ™ R
a, i, L b B By C [ g £
Tai o by o B Ay I i} &, &
£z oo & dy L hys En Bii C L .: ;
¥ :EJ :—II I i hL % = Sz o . 2 3
] an 1 Baa B B [ [ [
o, by A, B [ i A 4, d
Il? ﬂ :‘:I T I.Il I ._ll - E i:ﬂ.: 5 i E _F i
b iy Tis . h " [ Brz b by Iy I
By L= ¥ii ¥ i = -Il‘ ) .ﬂ-: n T3 : ;
:_; E: ? T T TR | £ 4 £
n Tu A, 4, I 1] H a
" 1 k] 4, ¥iz by hys C Ay r I
Lin Ty ¥ L Ay A in Eix -l'-i = M ; I--E
Lo 4 . 1] 1 hy, by ] I . h
Bij LT L rr] i - -ﬁ-_u &, B i I I 4 _;
r 4 & e 1 & W 1o, . d
L] En ¥x a hiz by, B B Tr A,
L T TR I B4 € n
By 2 Fan ¥ h-cu - 1'; ‘:Il. E « o &; ?.-
i L e S SR A by &% D B
)z LIE Niz ¥z hiy by; B Baz Ay ; ! .
e In I _ﬁ_!_ _Ma - ﬂ Bii 1 [ A
£ I ¥ ¥iz b b 2 Re Ay = g .

Ay Bl = Ty, Sy = Byl = hyghy, A = ALV - I
A, =y - ¥iaka 3, = gk - R - ¥

|

W
O
o
=

Y= Xy T g '™
5 e
— -Zz _ =EY --= = = 0552
Ter = EJ- = R0 180
- 21 gV L = p.bETE
Yez = b2z - 3hor &
F“II 1{}-':.:“ Yiz= _"DJU'[:'Eb_ Y21 = —nﬂlueggg }"Iz=' ﬁ-DE'I'IE (I/g\]
TR L, - Yigo Final Exam (A)/ 30



KEY

2. (25 points) ) For the terminated two-port network with h-parameters given as: hy; = 1.0 K2, hia=0,hy =

200, hxa = 1x107 §. Determine the voltage gain, Vo/'Vs and current gain, 13/1;. ﬁasmuntlmﬂs—ll-‘iﬂmd
RL=5 K.
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—
+
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KEY
3. (25 points) In the circuit shown below, (a) find Vo(t), and (b) determine the impedance seen by the source.
aH

+

[ ] L]
Cf H0cos(8t) V m %H% ?lH (ﬂﬁng val)

b
w = Bradls : i : | (24)2) 40
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4. (25points) In the circuit shown below, (a) determine the currents iy(t) and ia(t)

Ts) P
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i) atT
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KEY

5. (13 points) Two cascaded systems is shown below. if the ABCD parameters of Network A, and B are

[} 1 4 3 i :
Ty = 2 4] and Ty = [2 5], respectively. Determine the equivalent ABCD-parameters of the cascaded

system.
; r_.‘ _______________________________ ]
I‘__.. [ S — _“—1—u4- i .f." — ! :—-lr !:'
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b e o s ST R R
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l
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| I A b II
Answer: g

Final Exam (A)






PRAIRIE VIEW A&M UNIVERSITY W
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nme AdVON SN o0 230E6YT

Note: All the steps that lead to your answer should be shown. In addition, put answers in b provided.

1. (12 points) Using the two-parameter convesi le shown below, ﬂi:lc-y‘]m the equi D DA
of a circuit whose z-parameters are given as(z;; = 10 1= zn‘x‘r_,;p. =206, and z22 =40 €1
I

Conversion of bwa-port parameters. — -
z ¥ h B T

5 e | A b 1 g L_ "
bz, h:y 4T R L8 C [ ;
% Yu by 1 o A& Dooa a
¥ iy hi; hay #n Bii i c L e
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" y
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I ¥i3 hi; LI Eiz Biy Ay dr * h
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Ty L ¥i1 Tn bz by Ei iz diy ay ° .
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2. (25 points) ) For the terminated two-port network with h-parameters gi : hy = LOKQ, hiz=0,hz =
200, hzz = 1x107 8, Dctcnnmthevnlmgegam,?ﬁsmﬂ¢m¢mgam ;ﬂ. Assume that R = | KQ, and

=i +,- Yo = 200 (24T T
! ﬁ “SpoD
Rs I hy I - ,,35-‘,;;*‘-15?-

By 2 Vo { R

@ Vo="hy T ('?’]_ﬂja HR’Q :--ameI(T:Tﬁ%HSK\)

-:‘) - am*]fl QEIIE'S ‘] 1?5;-' | pes Lj _ﬂ"f3| 1
(1%15°) + (500" ik iﬁT)
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{ e
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_ 3 2K k+ Ik = @K
OR)+( Ik ) = L :,5__ ?-FJLI
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(U ;;knf?{j‘-'{i?‘uf'_l \ = U6,
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~-280°092 T
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3. (25 points) In the circuit shown below, (a) find Vo(t), and (b) determine the impedance seen by the source,
1

?‘5 40c0s(8t) V m I—H.% .lH m 6 E vlt)
O &7 S {>
' :
owl, = H(BE) =9 Vot = bT2
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_ S8, +)2T, - ,2T, T H0LY
0% +6I, =521, =
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1_| 5 b&_@ {(J—_’lj = (” ‘,_I)-J_'J-:'l 1_1_

AL
Shbattadts Ty wm (-3T, and 2T, j
--—~_> Q‘(Li J%) T—L +\j2(u J%}—I—h = EEL - LIDL{...—
W
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< Lm/[} Sb+3852=0
I?- HF'I \Qj 516 = /4
oy lomy™ T ARSTA
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o[ B o
Zns ’ﬁi-_ T oz _BREAH 50 f{‘s?;ﬁ% a2 ufu*f

AL Ij'f'l (b5 {MV | s,
Vo(t) = impedance seen by the source = {J)b(z‘/}k ipx *"2_
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4. (25points) In the circuit shown below, (a) determine the currents iy(t) and is(t)

: * 03N
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3. (13 points) Two cascaded systems is shown below. if the ARCD parameters of Network A, and B are

Ty = [g E and Tﬂ..= [; g], respectively.  Determine the equivalent ABCD-parameters of the cascaded
system, k.
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PRAIRIE VIEW A&M UNIVERSITY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301-P01 NETWORK THEORY 11
FALL 2021 ,
FINAL EXAM (A) (14 U

MName: [ pily  wesk _ SID: AT YL LN

Note: All the steps that lead to your answer should be shown. In addition, put answers in blanks provided.

1. (12 points) Using the two-parameter conversion table shown below, calculate the equivalent y-parameters
of a circuit whose z-parameters are givenas: z;1 = 100 £1, 212 = 20 £2, 23, = 20 £, and 222 =40 0.
Comversion of two-port parameters,

z ¥ h E T i
N ow om B Bt A W 1 m A & 4 1
4, a, lizy hy; Bxl i C L& P ©
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]| ) Tu ¥ hy, hy & B 4, 4,
- &= N M M 1 B A . D e 2
Ty 1 ¥ T iy b, B3 fa Ay, A
- S " /TR E I Y SR T L} b

iz Y3 ¥iz Fix LT by Biz Bz iz Ay B

A W % M by B B0 1 € LY |
Eya Tix Ys ¥z b3 liyz Biz EBiz A L ; !
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&= Nides = Nidhe A= PR - Rt A ® bl - he

= Ty S
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2. (25 points) ) For the terminated two-port network with h-parameters given as: hy = 1.0 K€, bz =

0,hy =
200, hzz = 1x107 8. Determine the voltage gain, v,[.-"\i’?pd nt gain, [/[;. Assume that Rs =1 K{,
R =5 KL, 6

I

—

L\h: ih o Vo RL

Ve

7
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3. (25 points) In the circuit shown below, (a) find Va(t), and (b) determine the impedance seen by the source.

|
iH

H( Lu%ﬁﬁ;a;LLm"(J - (WDl

ANl e
Volt) = \]\# impedance seen by the source = \Z
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4. (25points) In the circuit shown below, (a) determine the currents i;(t) and iz(t)
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5. ( 13 points) Two cascaded systems is shown below. if the ABCD parameters of Network A, and B are

Ty= g 1] and Ty = E gi, respectively.  Determine the equivalent ABCD-parameters of the cascaded
system., TN
L e e?
vooipet 1 A 12 Teewt N8 2l Te ot
I X P |
I = | e

e e R e i T

Answer:
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Vil ﬁﬁthm @@ si:92,154242.2.

Note: All the steps that lead to your answer should be shown. In addition, put answers in blanks provided.

WA (12 points) Using the two-parameter conversion table shown below, calculate the equivalent y-parameters
of a circuit whose z-parameters are given as: zi = 100 £, zi2 = 20 £1, 22 = 20 £, and zz; =40 (2.
Conversion of two-port parameters.
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(2)(25 points) ) For the terminated two-port network with h-parameters given as:
200, hz = Ix107 8. Determine the voltage gain, Vo/Vs and current gain, I2/1;.
Ry =35 KL -

hin = 10K, hiz=0, hy =
Assume that Rs = | K02, and

haily ;hk: Vo

Dhbwmnb ‘#Dltujh jany :‘I{] ﬂf’
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5 =
-~ 200 » 2> *|0
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& 3 |
Voltage Gain = —1% : current gain = ;

Final Exam (A)



(3) (25 points) In the circuit shown below, (a) find Vo(t), and (b) determine the impedance seen by the source
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# (25points) Inthe circuit shown below, (a) determine the currents i)(t) and ix(t)

d x e
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# (13 points) Two cascaded systems is shown below. if the ABCD parameters of Network A, and B are

T, = g 1 and Ty = [: g],mspmtlvcly. Determine the equivalent ABCD-parameters of the cascaded
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4. Frequency Response Plots
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s +16.0x10°
£ +26.0x10% 5 +16.0x10

1. The transfer function of a filter is as; H(s)=

(a) Use MATLAB to determine the zeros of H(s)

(b} Use MATLAR to plot the magnitude response.

(¢) Determine the center frequency.

(d) What type of filter is represented by the transfer function His)?

2. For Figure shown below, R1=R2 = 1.0 KL}, C1 = 100 pF, and C2 =0.001 pF,

A
A6
(b) Use MATLAB to plot the magnitude characteristics.

(e} Determine the center frequency.
{d) Find the bandwidth of the filter.

() Find the transfer function H(s) =

AW
R2
i
Rl C1 C2
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NAME OF STUDENT:
ITEMS POINTS MAXIMUM
ACHIEVED POINTS
Problem 1 10
MATLAB program for zeros and magnitude
Tesponse
Problem 1 (a) 10
Zeros of His) e |
Problem 1 (b) 10
Magnitude Response
Problem 1 {c) 3
Determination of Center Frequency i
Problem 1 (d) 5
Tvype of Filter
Problem 2 (a) 20
Determining the transfer function His)
Problem 2 10
MATLAB program for magnitude response
Problem 2 (b) 10
Magnitude Response
Problem 2 {¢) 10
Determination of Center frequency
Problem 2 (d) 10
Determination of Bandwidth of Filter




ELEG 3301-P01
COMPUTER ASSIGMMENT

SOLUTION
Problem 1
MATLAS Program

L

% Magnitude response of a transfer function

num = [ 1 0 1a.0eB); % coefficients of numerabtor polynomial
zeras = rpoobts{num}

den = [1 26.0e8 16.0ed8]; % coefficients of denominator polynomial
poles = roots [den)

w = logspace (-2, 10}; % range of freguencies

hs = fregal(num, den, w);

f = wf(2*pi}l; % freguency in Hz.

hs mag = 20%*logl0(absihs)): % HMagnitude in decibels

% Flot the magnitude response

semllogx (£, hs_mag)

title ("Magnitude Besponse')

xlabel ('Freguency, Hz')

ylabel | 'Magnitude, dB")

Answer:
»>e3301_pri
Ieros =

1.0e+04 *

0.0000 + 4.0000i
0.0000 - 4.0000i



Magnitude Response
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Fireque = 6517 Hz

(d) The filter with the transfer function His) is a band-stop filter,

Problem 2

Circuit:



Thie transfer function is derived as follows:

_pfl L -R2
H': }=FI:||:‘:}= EC2=I+H;2EZ
A I, 1 1+sC1R1
51 51
H(s) —R2C1s —-R2C s

Hi(s) = s
FCRCR +3(CoR, +CR ) +1

i) MATLAE Pregram

T (1+5C2R2N1+5CIRI)  SC2R2CIRI+s(C2ZR2+CIRD+1

¥ Problem #2, Fall 2020 - ELEG 3013-202

ol = 100e-6;

o2 = 0.001le=%;

rl = 1.0&3;

r2 = 1.0eli;

al = gl*r2;

BO = 1.0

bl = {(g2*rd2 + cl*rl):
b = cl*c2*rl*ri;

num = [-al ];

den = [bZ Bl bO];

W = lagspace (-1, &1}

h = Ieedgs(num, den, w);
f=wli2%pi);

mag = 20*loglifabs{hl];
gemilagx (£, magl
title|'Magnitudea Response')
xlabel | ' Frequency, Hz']
ylabel | 'Gain, dB']
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Center frequency = 621.8 Hz

Bandwidth = 1.518e5 -1.67 Hz = 1.51e5 Hz






Jarrod Ballow

MATLAB Computer

v Documents » BATLAR

 Command Window ] R g Pt 1 = B e
ﬂgyhhﬂﬂﬂ!ﬁemuuhm _Fdl Edit View Insert Tools Dvbug Desitep Window Help iax|
w5z = [1 0 16ed]: Deads @ 08 E BDB a0
P = [l 2628 lesgj}: '-m = r NS R T | =]
Toots(z) - '
amia = Boda Diagram

i -
1.0e+04 * ‘-x
00 F r,.-—-—""“

0.l 4+ 400004
0000l — 4.0000i

Magnitude (dB)
F
B

Sysam: sys
3 fam =z} Frequency [radisy de+0d
dep = g =300 F Magnitude (B -336
»» Bode [ &
k> 400 -
E:I[ &)
g"
g 0
&
oL .45
a0 - = r-— —
e i 104 1 108
Frequency [rad's)

a)l The zeros of His) are 1.0e+04, +4i, and -4 \/
b} Magnitude response is -336dB \/,r

¢} Center Frequency is 4e+04 rad/
d} This is a band reject filter \/
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4, Due to the bode diagram we can state that the filter is a band as the magnitude is
decreasing until the cut off frequency and increasing after the cut off frequency,

1. H(s)=.1s + (1* 107°s" + .10001s + 1) You ded ot done
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1. The transfer function of a filter is as: H{s)=

(a) Use MATLAB to determine the zeros of H(s)

(b) Use MATLARB to plot the magnitude response.

(c) Determine the center frequency.

(d) What type of filter is represented by the transfer function H(s)?

cle; JEF)LQ .
clear; £l *"”ui ‘Elf.t_l,tﬂ
close all; h 7
b=[1, 0, (16e6 merator coefficients
f# Denominator Coefficients fo) ‘;_/ [

disp('The poles of H(s) are at. "); J'-f?;l @ ,’FE‘

P = pole{Hs) ;

disp(The zeros of H(s) are al: °); / ﬂ) = /g

Z = zero(Hs)

After executing we get 1d) Oy

Th I H - -
P:pﬂ&‘-ﬁﬂf (s) are at [P ATLAD 5};@
1.0e+07 *

=2 6000

-0.0000

The zeros of H(s) are at:
L=

1.0e+03 *

0.0000 + 4.0000i
0.0000 - 4.0000i

e
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MATLAB Script
cle;
clear;
close all;

= [1, 0, 16e6];% Numerator coefficients
a=[1, 26e6, 16e6],% Denominator Coeflicients
[Hw. w] = freqsib, a);
M = abs{Hw);
M_dB = 20*log 10(M};
figure
semilogx(w. M, 'linewidth', 2);
orid;
slabel'Angular Frequecny, ‘\omega (rad/s));
ylabel(’ [H{'omega)| °);
title("Magnitude Response');
figure
semilogx(w, M_dB, linewidth', 2);
grid;
xlabel"’Angular Frequecny, ‘omega (radfs)');
ylabel(' Gain in dB ');
fitle('Magnitude Response[Gain in dB]');



After executing we get
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Gusstion iz
Tor etemeing the caner frequency we wil find the paint which somespands ba e minimum dB. This pant inmarked in the figuns below

W agrinida Anspona{GEa in 6B]

S0 the center frequency is

wy = 4060 rad/s

Center frequency in Hz will be

_ %o

fo = Yr §
4060

Jo= 2%

fo=0646.169 H:



2. For Figure shown below, R1=R2 = 1.0 KL}, C1 = 100 pF, and C2 = 0.001 pF,

v
(a) Fidl the timafior unction J3) = l;::} .

(b} Use MATLAB to plot the magnitude characteristics.
(c) Determine the center frequency.
(d) Find the bandwidth of the filter.
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clear;

clc;

close all;

SYMSs s W,

r1 = 1000;

r2 = 1000;

¢l = 100"10%-8;

c2 = 0.001*10"-6;

H = s*c1*r2/{1+s*r1*c1)/(1+s"c2"r2);
Hw = subs{H,s,1i*w);
fplot(20%log10{(abs(Hw)) [-2*10%6 2*10°6],linewidth’,2);
grid on

xlabel("f (Hz)" ‘fontsize’ 20);
ylabel("|H{w)| (in dB)" ‘fontsize’ 20);
hold on
yline(-3,"--'"linewidth’,3.'color’,r")
legend("Magnitude Flot®,"-3 dB line");






Magniude Plot using MATLAB:
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PROJECT TITLE: DESIGN OF A BANDPASS FILTER

TOPICS COVERED IN PROJECT

bt o

Frequency Response

Design of Bandpass Filter
Breadboard of Design Circuit
Analog Discovery Board
Network Analyzer
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DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301-P01 NETWORK THEORY 11/ FALL 2021
DESIGN PROJECT

In this project, a team consisting of about four students, must design and construct band-pass
filter that will meet some design specifications. A project report is required.

Design Specifications a

{a) Design a bandpass filter with the fnllnwmg specifications.
Growp 1: Center frequency of 4 KHz and quality factor of 0.3
Group 2: Center frequency of 8 KHz and quality factor of 0.3
Group 3; Center frequency of 12 KHz and quality factor of 0.3
Ciroup 4; Center frequency of 16 KHz and quality factor of 0.3
Group 5: Center frequency of 20 KHz and quality factor of 0.3
Group 6: Center frequency of 24 KHz and quality factor of 0.3
Group T: Center frequency of 28 KHz and quality factor of 0.3

{b) The maximum tolerance of the center frequency and quality factor should be less than 10%

(€) The power supply, if used, should have a voltage equal or less than 5 volts.

(d) The total cost of the components of yvour design should be less than $5.00. The components cost
can be found at Mouser Electronics (www.moucer.com). In calculating your cost, assume the price
of one component in a lot of 100.

{e) To reduce the environmental impact of the design, the total number of elements used in the
design should be less than 7 electronic components.

() Other considerations not relevant to this design project are public health and welfare, as well
as global, cultural and social factors,

Project Requirements

. Design the circuit, specify the components, test the circuit in the laboratory and ascertain
that the specifications have been met.

2. You can use the electrical elements and electronic devices you can find in the laboratory.

3. Use the Analog Discovery Board to plot the magnitude response of vour filter and include
the plot in your report.

4, Call the instructor to verify that your circuit meets the design specifications afier it has been
built in the lab.

Report Writenp: The report should have the following Sections
(i) Title of project with Group Members’ Names,

(i) Introduction and Design Objectives (include basic of filters and design requirements)

(iii) Circuit Design (include circuit diagram, design equations, component values)

(iv) Design of Experiment (identify parameter to be measured; list the instrument being used for
measurements; and draw the experimental setup)

{v) Conduct Experiment (describe steps for obtaining magnitude response with ADB Network
Analyzer, considering safety precautions in the lab; provide the magnitude response figure obtained
from ADB; provide the eritical frequencies (center and cut-off frequencies) and quality factor of
designed circuit,

(vi) Analysis and Interpretation of Experimental Results {present in tabular form critical
frequencies, bandwidth from your experimental results, and eritical frequencies from the design
specifications; determing the percentage deviation of your measurement data from the design
specifications

(vii) Discussion of Results and Conelusions {draw appropriate conclusions and recommendation
using engineering judgement)




Notes on writing the formal report: The report should be carefully written, with proper grammar
and spelling. You are advised to make use of well-designed tables and graphs to present your design
and measurement information, Each figure and table should have a numbered caption, and they
should be referenced in the text.

Indicate in your report the amount of work done by each member in your group. Signatures of the
metnbers in vour group indicating they participated actively in the project are required.

Submission (Twoe Submissions)
(i) Each team member must submit a copy of vour team project report t0 Ecourses (under Design
Project) by Thursday, November 18, 2021 by 11:59 p.m.

(i1} Each member of a team must submit a softcopy of the team project report to Taskstream: ELEG
3301-P01 by Thursday, November 18, 2021 by 11:59 p.m,
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RUBRICS FOR GRADING DESIGN PROJECT
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GROUP NUMBER:

GROUP MEMBERS: 1.

RUBRICS FOR GRADING DESIGN PROJECT

ITEMS POINTS
ACHIEVED

MAXIMUM
FOINTS

I Circwit was bailt and mer design specifications
»  Technical specifications were met.
#  Design was checked by the instructor

30

2 Fetrodduction and Design Objectives

| 3. Circuit Design

o Circuit diagram, design calculalmm, component values, total cost of
COMmpOonents

= Simulations, if applicable

1

4. Design of Experiment to Test Designed Clrciilt (Siudens Cateama 8.1
¢ [dentify parameters i be measured, list of equipment for measurements

»  Provide a figure of the experimental set-up

LA fﬂﬂdﬂt‘-‘ Experiment (Student Chacome 6.2)
Deseribe procedure for obtaining the required response from the
Metwork Analyzer of the Analog Discovery Board, consider safety
precawtions in the lab, if any.
»  Provide the magnitude response plot
*  Obiain the critical frequencies and quality factor from magnitude
response of the filter.

[ .-'Inn{m:; ard fterprefafion af Experimental Resalts (Siudens Ctcoma 8.3)
Present in tabular form the center frequency and quality factor of wour

experimental resulis
#  Provide in tabailar form the center frequency and quality fictor from the
design specifications.
*  Lse the appropriate statistical method 1o determine the percent deviation
of your experimental data from those of design specifications.

7. DNscussion af Results and Conclusions (Siudens Chdcowe 8,31
* Draw appropriate conclusions and recommendations using engineering

judgement,

8, Gremeral Write-up of Report
o Crammar and Adequacy of plots and figures
®»  Proper labeling of graphs and tables
*  Proper references to graphs and fables
¢ Clear and meaningful sentences

8. Cowipasite Repord Grae

100

10. Grade for ABET Student Quicome 6 (ltems 84, 5, 6, and 7)

1]

11, Grade for ABET Student Outconee & (Normalized to To0%)

10
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DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
ELEG 3301-P01 NETWORK THEORY 11
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RUBRICS FOR GRADING DESIGN PROJECT

GROUP NUMBER:

GROUP MEMBERS:

[}

y

ITEMS

POINTS
ACHIEVED

MAXIMUM
FOINTS

L. Clrendt was bullt and met destgn speciffcations
*  Technical specifications were met.
__® _ Design was checked by the instructor

30

2. Introduction arid Dresign Objeciives

———

Lt

3. Circuit Design
#  Circuit diagram, design calculations, component vahses, total cost of
COmponents
*  Simulations, if applicable

|0

4. Design of Experiment to Test Designed Circuit (Student Ouicome 6.1
#  ldentify parameters to be measured, list of equipment for measurements
* Provide a figure of the experimental set-up

9

5 Cenduct Experiment (Siudent Qurcome 6.2)

#  Describe procedure for obtaining the required responss from the Metwork
Analyzer of the Analog Discovery Board; consider safety peecawtions in the
lab, if any,

&  Provide the magnitude response plot

»  Obtain the critical frequencies and quality factor from magnitude response of
the filter,

——rea

14t

6. ,-lw.fpm and Interpretation of Experimental Results (Student (haicome 6.3)
Present in tabular form the center frequency and quality factor of your
experimental results

*  Provide in tabular form the center frequency and quality Factor from the design
specifications.

¢ Use the appropriate statistical methed to determine the percent deviation of
your experimental data from those of design specifications.

I3

7. Discussion of Results and Conclusions (Studest Owicome 6,.3)
#  Dwaw appropriate conclusions and recommendations using engineering
Judgement.

10

& General Weite-up of Report
o Crammar and Adequacy of plots and figures
*  Proper labeling of graphs and tables
*  Proper references to graphs and tables
#  Clear and meaningful sentences

. Compasite Repart Grade

100

10, Grade for ABET Student Qutcome 6 (Items #4, 3, 6, and 7)_

i1, Grade for ABET Student Qutcome 6 (Normalized to 100%)

100
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Introduction and Design Objectives:

For the design project, our group was given the task of designing a bandpass filter with a
center frequency, fo, of 12Khz and a quality factor, Q, of 0.3. While completing this design
project, we were first required to draw the schematics of the eircuit and use it to find the values
of the resistance, capacitance, and inductance. Using these calculated values, we constructed our
circuit on the breadboard, After this, we were able to use Waveform, which gave us the graph
required to find the upper and lower cutofT frequencies, center frequency, and the quality factor.
For our project, we were given a tolerance of ten percent, which means that both our center
frequency and quality factor should be within the given parameters of 12 kHz and 0.3,
respectively. Other requirements for this project included a power supply with a maximum of
five volts, less than five dollar equipment costs, and finally to take into account the
environmental impact by using no more than seven different electronic components, Because we
were tasked with creating a bandpass filter, it is important to know and understand the different
types of filters in order to differentiate them from one another, There are 5 different types of
filters: band-pass, low-pass, high-pass, band-stop (notch), and all-pass. Filters are considered
circuits with the ability to amplify certain frequencies while simultaneously attenuating other
frequencies. A low pass filter m‘?ﬁi@éhm frequencies than the set cutoff frequencies and
lets the lower frequencies pass. A high-pass frequency ultimately does the opposite, as it
constricts frequencies that are lower than the set cut.off and lets frequencies that are higher pass.
Band-stop filters, also calb;.d notch filters, m;?h[?ﬁequemies that are in a certain range, but
allow the other frequencies around it to pass. All-pass filters allow all frequencies to pass
equally, but change the phase relationship amongst other frequencies. Finally, a band-pass filter,

which is the one used in this project, combines the likes of the two other filters, as bandpass L/



filters allow a certain range of signals with certain frequencies to pass, in its so-called passband,
and attenuate all the other frequencies in its mnpham%\{fia:l 2020). By completing this lab, we
delete

will demonstrate how a band-pass filter is supposed to look, as well as showing its function,
Circuit Design and D

For the project, we were asked to design a RLC circuit that can actively reflect the
measurements of an experimental circuit, and measured to be similar while adhering to the
restrictions presented in the introduction. In order to find the measured values for the circuit, we

had to finish the experimental results and calculate the values of the RLC circuit for the

resistance, Capacitance, and Inductance, as shown in Figure 1

|',_1

Figure 1: This figure provides a diagram of a typical RLC circuit. Each aspect of the circuir that
must be calculated is labeled appropriately, including the voltage, induciance, capacilance, and
Fesisiance.

Along with the given design, we are to utilize the given values to calculate the missing
variables; a Center frequencyifs) of 12 kHz, and a Quality factor{(}) of 0.3, along with our
Inductance value (L), chosen by the group, of 4.7 53’[:[ For our results to be accurate, we must

calculate the values of the final two variables: Resistance(R), and Capacitance(C).



The first calculation was to find the capacitance. In order to calculate the capacitance, we
need to find the Angular frequency, given by the equation wo = 2 x o, After plugging in the
value of the center frequency, we can use the angular frequency to calculate the capacitance with
the equation wa =1/ H'{L\C/.’Plugging in the given values and solving the equations, we achieve
the following results:

& Angular Frequency,
Wo=2rnx(12x 10
Wa=24000n
* Capacitance,
(24000m) = 1/ W C x (4.7 x 10%))
V(€ x (4.7 x 10°%) ) = 1 / (240007)
Cx (4.7 x 10% = ( 1/ (24000m7) )*
C=( (1/(24000m) »* )/ (4.7 x 107%)
C=374x 10%F
After finding the capacitance value, we have all of the information needed to solve for the
resistance, K. We use the equation ) = (W, x L) / R. The result we found was:
* Resistance,
0.3=( (24000m) x (4.7 x 10%) )/ R
R= ( (240007) x (4.7 x 10°%) )/ 0.3 ‘/
R=1181.24 ©
Mow that we have all the variables needed, we can build the circuit with the estimated values that

will be similar to the calculated values in Figure 2.
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Figure 2: This figure shows the updated schematic for our group's RLC circuit with the resistor,
inductor, and capacitor labeled with their respective values, calculated abave,

The last thing to be accounted for before we can build the circuit is to find the price
estimates for each part of the circuit. Using Mouser.com, we found the bulk prices of each piece
and divided it by one hundred, as we only require one of each part. Prices for one piece of each
component are as follows:

¢ Cost of Parts,
1.2k £} Resistor: 5 0.49
4.7 mH Inductor: § 1.61
0.0374 pF Capacitor: $ ﬂ.I{EV
Total cost: § 2.32

Because our total cost, $2.32, is less than $5.00, we can conc that we have adhered to
the restrictions of the project by staying within our given budget,

Due to equipment limitations in the laboratory, we were forced to adapt and slightly alter
the values of our RLC circuit, The estimated values that we used for the Analog Discovery board

are a5 follows, and will be shown in Figure 3./



® Estimated Values of Circuit,

Resistor- 1000 Ohms

Inductor- 4.7 mH (value did not change)

Capacitor- 47 nF

Figure 3: This figure shows the RLC Circult schematic wMﬁw estimated values of our
calculations. These values were used due to a lack of resowrces in the laboratory.

Though our group made the decision to shightly alter the values in the circuit, our values
continued to meet the ten percent tolerance requested, as well as the other requirements expected
in the project, and this will be mathematically proved in the next scctinn.b_./
Conduct Experiment;

After making the mock up before building the circuit, we can now measure the
Maximum Center Frequency and Quality Factor for the soon to be built circuit, which should match the
values given in order to prove that the resistor, capacitor, and inductor variables were caleulated accurately.
The instrument that we used to calculate these values was the Analog Discovery Board.

1. Construct the circuit on breadboard & connect analog discovery

2. Generate the sine wave in Wavegen module with a 3V and frequency of 1kHz



. Select "Run™ and measure peak-to-peak voltage at node Channel 2+ of the module
. Change frequency of the Wavegen to calculated value
. Measure peak-to-peak voltage at node channel 2+

. Start at 20 kHz up to 100 kHz in increments of 10 kHz

1. Select Set up values for Network Analyzer
Start Frequency : 50 kHz
Stop Frequency : 500 kHz
Offset : 0V
Input Signal Amplitude : 1V
Max Filter Gain : 1X
Bode scale : Magnitude Top HSB’/ Range -10 dB
Phase - Top 90 deg, Range 180 deg.
Seope Channel Gain: Channel 1: 1X Channel 2: 1X
1. Connect the Scop Module indicate in Figure 2: Experimental set up
2. Select the “Single™ to obtain a single sweep of the frequency, oblaining
the magnitude plot of the frequency response in the circuit
3. Record the Frequency where the peak occurs on the Magnitude (dB) vs
Frequency (kHz)
4. Using the Quick Measure tool move to the peak of the plot where resonant
frequency resides & select the -3dB and left click to mark low & high cut

off frequencies
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Figure 4: Shown above are the cut-off frequencies, upper and lower as well as the guality jactor.



Figure 5: This figure shows a picture of the graph obtained, as well as the center frequency of

said graph.
Analysis and Interpretation of Experimental Results:

Table 1: Design Specifications and Experimental Hesults

-
Center Freguency Quality Factor Bandwidth Cut-off Frequency beft Cut-off Frequency Right

Dhesign Specifications 12 KHz 0.3 40 KMz 3.386 KH: 43.323 KMz

Experimentsl Results 132.032 KHz 0.298 40,376 KHE 3.1 KHz 43.852 KHz

Tahle 1: This rable shows a comparison of the values that were given at the start of the project
and the values that were experimentally calculared in the project. The small difference in value
between the numbers tells us that owr calculations were extremely accurate

As stated multiple times in the report, the allowed tolerance of the center frequency and
quality factor was ten percent. The tolerance percentage basically serves as the margin of error,
0 that means that for our experimental results to be feasible, the values obtained from the
experiment would have to be within ten percent of the given values of both the center frequency

and quality factor. To find the upper and lower values of the margin of error for both values, we



must multiply the given values by 0.1, then subtract and add the original values by the result.

This process is shown here:
¢ Center Frequency Margin of Error,

[.-'m.-uplml - Measured | r
—

Aceepled

%o error =

Center Frequency Percent Error = ({12.032 kHz - 12 kHz)/ 12.032 kHz) x 10{0%%
Center Frequency Percent Error = 0.26% /

Margin of Error = (given value x 0.1)

Margin of Error= 12 kHzx 0.1 = 1.2 kHz

Upper Margin=12 kHz + 1.2 kHz = 13.2 kHz

Lower Margin=12kHz- 1.2 kHz=108kHz /

I\"

In order to meet the tolerance requirements, the center frequency found in the experiment must
be between 10.8 kHz and 13.2 kHz.
® (uality Factor Margin of Error,
Quality Factor Percent Error = ((0.298 - 0.3) 0,298) x 100%
Quality Factor Percent Error = 0.671% __.,,-’f
Margin of Ermor = (given value x 0.1)
Margin of Error =03 x 0.1 = 0,03
Upper Margin = 0.3 + 0.03 =0.33
Lower Margin=10.3 - 0.03 =0.27
& Bandwidth Margin of Error,
Percent Error = ({40.376 - 40)/ 40.376) x 100%:
Percent Error = 0.931% 7

i

e Upper Cut-off Frequency Margin of Error,



Percent Error = ((43.892 - 43.323)/ 43.892) » 100%
Percent Error = 1.296%
*  Lower Cut-Off Frequency Margin of Error,

Percent Error = ((3.1 - 3.386) 3.1) x 100%:

/

In order to meet the tolerance requirements, the quality factor found through the experiment must

Percent Error = 9.226%

be between 0.27 and 0.33,

As shown in Figure 6, our experimental results for both the center frequency and quality
factor fell within the range specified I:r;/ﬂ;e tolerance, with the center frequency being 12,032
kHz and the quality factor being 0.298. Because of this, we can assume that our design met all of
the required specifications, and is therefore acceptable.

Discussion of Resulis and Conclusions:

The values that were calculated before the creation of the RLC circuit and band-pass
filter were reflected correctly through mathematics as well as the Analog Discovery board, and
we were able to prove that our values stayed within the ten percent tolerance window that we
were presented at the start of the project. Because of this, we can accurately conclude that our
project design does meet the required specifications of the project, making this a successful and
feasible design.

After conducting this experiment and succeeding in creating the desired circuit whilst
adhering to the required specifications, we can conclude that we understood the purpose of this
design project, By undertaking this project, we are more knowledgeable about not only band-
pass filters, but all filters. We also have become more adept at finding the center frequency, the

two cutoff frequencies, and myuality factor. After constructing the actual band-pass filter on



the breadboard and waveform generator, we are now able to differentiate band-pass filters from
other types of filters and see how it ;iﬂ;hﬂ;tﬁm frequencies around it. This design project
allowed us to finally implement everything that we learned in the course and work as a team to
determine how to most efficiently complete the task assigned to us, which is important because

projects similar to these are exactly what we will have to undertake in the workplace, thus

making this knowledge and experience vital to our success in the near future. /

e
\Jo M C‘Gﬁd M
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(IT) Introduction and Design Objectives:

The objective of this project is to design a bandpass filter circuit with certain
specifications, as well as obtain and analyze data found using a breadboard and
Waveform software. A bandpass filter is a device that passes and rejects frequencies
depending on if they're within a specified range. Bandpass filters are commonly used in
wireless transmitters and I'E:DEW%T% .The main function of this filter in a transmitter is to
limit the bandwidth of the -{El-"p slénal to the band allotted for the transmission. This avoids
the transmitter from mterfm'mg with further Slatlk?a./

Design Specifications are as follows:

I. Design a band pass filter with a Wm&@ﬁmumm@f

0.3

2. The maximum tolerance of the center frequency and quality factor wasﬂ%ﬂh&m
10%

3. The power supply, if used, should have a voltage equal or less than 5§ volts.

4. The total cost of the components of our design was less than $5.00. I//

5. The components cost can be found at Mouser Electronics (www.moucer.com). In
calculating your cost, assume the price of one component in a lot of 100,

6. To reduce the environmental impact of the design, the total number of elements

used in the design should be less than 7 electronic cwv/




(III) Circuit Design:

2
By identifying the calculations of figure 1.a whe bandpass filter was created When

the central frequency was 24 * lﬂngz we found W, to be 1. 51 “,ﬁ)g rad/s. We
utilized the resonant frequency equatmn and set the inductance to 10 mH to calculate the

capacitance, which was 4, 39x10° E Finally, using the quality factor equation, the

resistance was determined to be 5. 03 "/Il} €1, which was approximated to 5{\}’1 The

bandpass filter (Fig. 1.B) was then drawn using these values, with the circuit component
values given,
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Figure 1.A: Calculations used to obtain data used in design
W,=1.51 * 10" rad/s ,L=10 * 10 " H,R=5.03 * 10° 0= 5k Q , Q= 0.28088231

After calculating the equations above we have now found our values and are now able to
find our components. iy



Figure 1.B; Band filter using Calculations

(I'V) Design of Experiment:

Figure 2.A: Here above is the Analog Discovery Board circuit to find the magnitude response of the

filter,

List of resource used in the Experiment include:

Waveform Software
Breadboard
Analog Discovery Board utilized (Channel 1, 2, ground)

4.7uF inductor
10mH capacitor \/
3k € resistor



(V) Conduction of Experiment:

We constructed a bandpass filter with the components values of L= 10mH, C=
4.7uF, R=5.1K£. After constructing our circuit on the breadboard using the Analog
discovery board we successfully got a center frequency of 24kHz and quality factor 0.3
on the waveform generator. Then we also used the waveform generator to get the
magnitude response low cut off frequency ut’ﬁ-il]j}aﬁz, and the high cutoff frequency of
94,067kHz. Therefore we achieved the required results for this said project experiment.

;

- L
Smeworp B i e 11 ¥ D i

Figure JAG Magnitude Response Low cutoff Frequency = 6.2117 kHz ?ff'
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Center frequency = 24.677kHz ,
High cutoff frequency = 94.067 kHz,
Low cutoff frequency = 6.2117 kHz

(VI) Analysis and Interpretation of Experimental Results:

I i e

Results from the Experiment
Center Frequency, (Wo) 1.51 * 1{]5 rad/s
Capacitance, (C) 4.39 * 10°°F
Resistance, (R) 5.03 * 10k = 5k
Inductance, (L) 10 * 1[]_31]1H
Quality Factor (Q) 0.28088231
High cutoff frequency 94.067 kHz
Low cutoff frequency 62117kHz
. = f TﬂhlE IA‘ -Resul-tlﬁ __#,,f:'

—(

The experiment follows all of the specifications previously stated above in the design.
Furthermore, the quality factor and maximum tolerance are less than ten percent. Only 5 volts

was needed for the design of figure (1.B) and only three electrical com ts were required.
Overall, with the parameters given all instructions were carefully followed.

L,',__‘l M Q,L:-{M{ 'HH.'L ;-'.I:_;.m-!'_' ' d-ri-"l.-'l"ff-:’l. -#'n"{i- i
Conl b M-]LT'H-HP; ¢ Aﬁ



Discussion of Results and Conclusions:

The purpose of this project was to design a bandpass filter circuit using a breadboard and
Waveform software with certain specifications. The bandpass filter circuit was constructed using
calculations that were made from the given center frequency and quality factor, After creating a
bandpass filter, the circuit was implemented into the Waveform Software, where we were able to
simulate the circuit design and acquire the magnitude response, Using Waveform Software, we
were o calculate the Center Frequency, and the Low and High cutofT frequency. At the end of

our experiment our quality factor had to be within a certain range. The results of the guality

factor had to be no higher than 0.3 and with ours being 0.2%, our qualil}‘r\ﬁc/mr»{s in range.
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Network Theory 2 Group 5 Project

Jarrod Ballou

Wesley Ponder



Report: Wesley Ponder and Jarrod Ballou met with Dr. Attia in the lab, and together we
selected a 10 miFInductor in order to help us find the proper capacitor that will equal our
group's assigned center frequency, 20k He, and would later use that capacitor value to find the
necessary resistor value which would give us the given quality factor of, 0.3, In our original
calculations we concluded that our ideal capacitance would be around 6.33nF, and our ideal
resistance would be 4.189k ohms. In reality we used two capacitors each having *LHF: equaling
9.4nF, and we used a 4.2k resistor. When the circuit was set up and the Analog Discovery Board
was connected, we plotted our center frequency and magnitude and acquired a center frequency
of 18.34k Hz with cutoff frequencies of 3.94k Hz and 78.5k Hz, which gave us a quality factor of
0.246. The quality factor was too low and the center frequency needed to be adjusted as well, so
we tried resolving the issue by reducing our resistance to match the quality factor. The change in
resistance would also change the center frequency, and after recalculating the math we settled on
a resistance of 3,16k ohms. This resulted in our center frequency becoming 20.8k Hz with cutoff
frequencies of 5.19k Hz and 58.27k Hz, which gave us a quality factor of 0.39. These values
were now too high for our given quality, as it cannot be higher then 10% of the given quality
factor (0.3) and we found our math was oft as the capacitance value was lower when caleulating
for resigtance. In order to correct this, we simply increased the resistance from 3.16k ohms to
3.3 s, which resulted in us acquiring a center frequency of 18.1k Hz with cutoff frequencies
of 5.0k Hz and 60.53k Hz, and a quality factor of 0.32. Dr. Attia seeing that our work was within
the acceptable range approved us on the good work.
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Circuit:




WaveForms Results:
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