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EECS 21 5WN10 Midterm 1 Results

-
C bined EECS21WN10 Midt 1
105 Students ompine aterm

S I L L

Took the Exam

B Midterm 1 Scores |

Approximate Minimum 121 — ———1 & T |
Letter Grade Score EAv'era'ge:'66.'2 AR
A+ 95 10 |--+Median: 72 """ 7

A a5 ESt:De\i/: E 235.2

A- 80 8
B+ /3 A :

B 65 g e B
B- 58 e :

C+ 50 4
C 43 A
C- 35 o i di
D+ 27 P

D 20
D- 12 0O 10 20 30 40 50 60 70 80 90 100
E 11

Count






Exam Design

- J
0 65 Points of Straightforward Problems

o#la: Node Equations
0o #2a: Mesh Equations
0 #4: ldeal Op-Amp

o 10 Points of Number Crunching
o #lb: Node Equation Results
O #2b: Mesh Equation Results

0 25 Points Of 2-3 Combined Concepts

0 #3 a,b: Basic BJT Circuit Gain & Input Resistance
® Replace Device with Linear Model & Then Analyze

0o #3 c: Apply Thevenin & Max Power Ideas to Analysis
started in #3a





Expectations
I

Category A% A# B% BH#H C% CH D% D#
straightforward 65 90% 58.5 70% 45.5 50% 32.5 30% 19.5
number crunching 10 80% 8 60% 6 40% 4 20% 2
combined concepts 25 70% 17.5 50% 125 30% 7.5 10% 2.5
total 100 84 64 44 24

Rough Letter Grade Numbers on First
Page Are Slightly Adjusted From These
Targets





Problem 1 Performance: Node Analysis

0 Average Score 30

23.3/30
(77.7%)

1 Median Score

27 /30

0 High Class
Competence on

25 -
20 B--ioreaedes

15 k

Count

10 f-bebeddodid

Node Analysis Sl

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
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Problem 2 Performance: Mesh Analysis

0 Average Score 3
22.8/30 o |l
(75.9%) i

0 Median Score EERES
26/30 s |

0 High Class 1 .
Competence on 10 4

Mesh Analysis

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Range





Problem 4 Performance: Ideal Op-Amp

0 Average Score 50

10.3/15 (68.8%)
0 Median Score 11/15

0 Very Good Class 0 _ """ """ """ """ _
Competence on ldeal A A :
Op-Amp Analysis

g0 ftttib b L
0 Time Factor, Less .

Repetition of
Problems May Have
Influenced Slightly
Lower Results Here

Count

7 No Real Reasons for
Concern






Problem 3 Performance: BJTs, Thevenin,

Max Power
N

1 Average Score 12
9.8/25 (39.1%)

0 Median Score 10 [
8/25

0 Applying Our
Tools to Less
Straightforward
Problems An

Area for Both ‘T
Students and
Instructors to 2T
Work on ’

O 2 4 6 8 10 12 14 16 18 20 22 24

Range





Conclusions/Comments
B

1 Demonstrated Class Competence On Critical Concepts is
Extremely Good
0 Some Issues for Mutual Effort But No Serious Problems

O Transistors & Generally Stacking Together 2 or More Key
Concepts

00 Return Papers to Me If You Have Grading Fairness
Issues (by Thursday March 9)

O May take several days to address to maintain overall
consistency

1 See Me ASAP If You Have Concerns

O | cannot predict final grades, but | will give the best advice |
can






EECS 215 Winter Semester 2010 Midterm Exam I

Name (last, first): So/q f’ionj

Lecture Section @ Guo
N

Rules:

1. Friday, February 19, 2010, 9:00 to 10:30 AM nominal exam time.

DO NOT DISCUSS THIS EXAM WITH ANYONE PRIOR UNTIL RECELVING
CTOOLS Announcement!!

2. Closed Book, etc.

3. 1 Page (8.5”x11”, double sided) of notes allowed

4. Calculators Needed and Allowed. No devices with full alphanumeric keyboards are
permitted.

5. Exam is given under the College of Engineering Honor Code principles and
practices.

6. No communications of any kind are allowed. Use of cell phones, cameras, personal
data assistants, computers, or any other electronic devices, besides approved
calculators, will be treated as an Honor Code violation.

7. Work to be done in Exam booklet. Turn in all pages of the exam.

Do not unstaple the pages.
8. DO NOT WRITE ON THE BACK OF PAGES.
Work on backs of pages will NOT be graded.

9. Show your work and briefly explain major steps to maximize partial credit.

(for example: i3=i1+i2, node A, KCL).
NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN.
10. WRITE YOUR FINAL ANSWERS IN THE AREAS PROVIDED

This Exam Contains
4 problems over 19 pages (including ample workspace).

Sign the College of Engineering Honor Code Below.
(NO credit will be given for the exam without a signed pledge):

I have neither given nor received aid on this examination.

Signed:

Do not write below this line
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Problem 1: Node Analysis (30 points)

a) For the circuit below, carefully write down the full set of 5 linear equations that you
would need to solve for the 3 unknown node voltages (V;-V3) and the two unknown
dependent source variables i, and i;. Label them with the major principle that they are
based on (KVL, KCL). Do not yet solve these equations. (25 points)

L Ry

1) M: ]/5 KVI/

2) Vo —V3 = éés HVL

3 s TL\/s-V?Q//{JﬁqL To [CL+0hn’s Law

4) l;q - (VZ‘V3>/K2_ H Vi /W\m'; Law

5 Lo + (Vo-Vo)/R, +PBee +V/R;=0
koo (s,w)






Workspace for 1a)

D

g
VSCP
I Jc’l"'l'oty §,M

V "'\/;’:,465 0"{(. J’o Vo /%9](, SOUYEL
2

g s mcluded
Hence @«@ Farm Super V)D»/c N KL (5 rcte
since 14 CJV)[}cCﬂLj‘ @ 2

Ine
54;/‘/ 5 o o

L 4%/’76
@ Vl - \/5 L/ K,/ [W,fb 9 ¢ (f/))} ‘7/"

crnd)

) vo-vs <A KB »
L ¢
O, Ls= Jo + (‘/5"/1>/7€/ MZ MJL@

m/ Lew
@ g = é/z"%)//?;, kvl fohm ? 3





Additional Workspace for la)

o.M Hco (Lewlnj Vo )
O - +(-)k, #6004, =0

/\/71 KULW’AJ Ar ("7)) l%ﬂ(’ T wr’// {Mo/e/75¢
cruqtioms

a,.;y,b.'ne, @ \LO \/5'1/24’7,‘]
Vy ~ V;“’4°>‘; 4[ K, =2

or v T e - r 2] +\/z7)mi/ L+ R‘,V7 [ET

2 &1, 2uhHKnowns





b) Solve your equations for the case of:
Vi=5V I, =2mA R =2KQ R,=5KQ R, =10KQ A=25KQ B=2

(5 points)
ve + O v
Ve_ T v
Vi= O v

Iy, =5 (#riviv] )
/’ \// éz, ' /‘fjj/‘?j " ﬁ/f kcca/he/
(225) =V3 = 125V an

\/LC‘YXO ﬂ)wg( 3yl a) = 45 mA £/

D.vidin
-S> V(3 —V3 = |5V ELh <+’wyi

by 7075
s btrackiny E2A - &1 yiells
Vo (075) =3.75V
= V, = +5V
f l«gginm bach iyto E il

> V5= oV






Problem 2: Mesh Analysis — (30 Points)

a) For the circuit below, write down, but do not solve (here) the full set of 6 linear
equations that you need to solve for the mesh loop currents (i;-is) and the ) and the
two unknown dependent source variables i, and i;. Label them with the major
principle that they are based on (KVL, KCL). Do not yet solve these equations. (25
points)

L Ry

i | Ry
) + R
order o+ VSCP @ ’
Mmatier ,
n_ b =T KL
2) la = Lo KL

3y Ri(ia=i) A+ Rly = Vs (5.M)HcL

a

4)  Pig = Li—ty HCL

5 (s = cC3 Koo

6 2R, — Ads =0 HVL






Workspace for 2(a)

I, R,
- — W
i, ;
(i)
Ajg
@ AN ‘ . _\\
i 1

Bi, <V> @ R;

jq el /14(5/) Cou//w’)jL Soyrte
/) 1 /096/0/4/7)

For o [#//g L Eens
. Com t?h fr;mjﬂ"}'
by = ¢ k(/L— 249 S52(ns
@ Lg = Lz

@ Ls = (3 HeLo

O B, :LB’("‘/ kel bevifwy
» R (i3-0)t s
@) i, R, —Acs =0 | —
Again not req wired ) by /* IY /”If e

HHD 7 Bl = LT )

e g Frend SeUr<e

A

Losp 4 KVL






Additional Workspace for 2(a)






b) Solve for the mesh currents using the same component values as 1(b).
V=5V I, =2mA R =2KQ R,=5KQ R,=10KQ A=25KQ B=2
(5 points)

USiny my <rtn work in (7)) ¥ f/‘ijj’”j

*n4 )//, - A,

Ob(/w(IS y maq “7‘)‘ W“

10





Vot R €9 y rel

Additional workspace for 2(b)

Voke td b F 25 0%

h mus
7 #{/' v,-Vs _  SY _imhA V’

' - - —_— K-
Le — La KZ d
‘ = _\{2- - 0/4’
LY K2 ud

. VS“V@--p 0
1/3—(/‘ Rl

11






Problem 3: Bipolar Junction Transistors and Maximum

Power Transfer (25 points)

Suppose we have a common collector npn bipolar junction transistor amplifier as illustrated
below:

Vee

i

For this problem we will use the following:

V,207V R, =R, =1KQ f,=100 V_=+12V

We will use the following model for the npn BIT if V,, 20.7 and V. 20 (forward active
mode)

Iy Ic
B 4 _I C
—].— VBE=O7V BFIB
E

a) Find the voltage gain G=V,,/Vi, when the circuit is running in forward active mode
and no load is present at the output terminals. (10 points)

G=Vou/Vir= 0" 7 70 Z

12





\/z /7 Sim :’/‘If 7['0

Workspace for 3(a)

_mokel

O/L'l -’017 V)

13





Additional workspace for 3(a)

/= F&H)RE J(V.m -0,7V)

R +(6+) Re

So (8+1)Ke

Vo _
C = ) Un R5+(ﬁz‘/)K£

_ L oo 0.910%

= Tjoz

14





b) If there is no load at the output, what is the effective input resistance that the input
(Vin) source sees? (5 points)

Rin,eff= } 0 2“ K Q

From ()
| Vin = Ip [_@*(ﬂ*l)f{gj 40,7V

, - avd") B 71— :}OZ,K/L,
R"V")‘ﬁa YT R + (6 DR(

‘ ! iﬁ oY v/h/
Fu// CV»e}I’L' jIVU/) y

L
hDﬂL r<mev€ ‘HR O'7V e FHccC

~ \/Ln)
(1 K(‘,r)) L T Ts

15





¢) Now a load resistor is added (Rp) as shown below. Find the value of Ry that results in
maximum load power and what is that power assuming that Vi;=6V? Also, how much
power is supplied by the Vi, source?(10 points)
V,=6V R;=R.=1KQ B,=100 V_=+12V

Vee
C
R, B
+ —\WW npn BIT
+ E
\"% VsE +
m
RE RL Vout

—

R, = T 804 Q
PVin= Ié 06 - W

K& 5 7%41L we h* 4 Ry as seen / ﬁc}w(’e’h
ﬁ,’y ém/H'ff + jrouﬁ{ ( [oad Herminls 2

A for 1Y AU’)?L) Je +'5 j”l‘ Lsc =Ly
T4 fWQ 56’/- KK:O/ s er wor 114

(q> 3!'\/() B -)*I) VL'M'O’7V>
Te =Lsc ~ (5 H)Ib,sc = " Rs (

16





Additional workspace for 3(c) 6 +/ ) ﬁ £

Since Vo T s+ (04)Re o)
Lo m () we have
K _ \/oG _ Rj RE — /KJL
e R+ (6+)fe 7=
o~ 9,40+
Vi e
P'/ i KT/* 1hen
_ _oqV) £ snEY
<}oZ
pL >~ 07023 W
Hvn = T Vin

7 Replace K& 7 wor
- oW ( f
whit is Tp ¥

Loomy (1) with @g///(:)” 979 10~

o ) 07D o 2,6 1EmA
I = TR+ (or)RelR)

=, |06 m V1/
PV,’V) z fg (63(/)

17





Problem 4: Op-Amps (15 points)

Find the gain (vo/v;) of the circuit below.

o=~ /F

gwom s et i
O/ 50 kQ v, _90,4

—MA- +> Yo
100kQ J § 50 k2 Ve

Vi
AMN—LS—- ToA
_L W&:OU*' yDVc MAN
T ¥ Ag,l} ....L\/L 50 kQ
oV §15m “

—0V sihce
b = ,,)O,v«;(ff, geress 15

+D 3rm‘n4 b
B I
S5IKN- . = -L Ve

/'i)/lu”/“ Cu//</]7L (S 9/4'
/—T e /’-(};’5' }"'r/

—

—

o0 \/c - j0 2K
! //'/’/I VA
gince Fhis &5 elﬁec}f@ an Ve D i
3,
150 KJL — ;3_\/ - -2
VV,/ (50!(%7‘/5‘0/0'\« - g 'C 5

Vo }'/"Qt 41'\/;3((/

18





Additional workspace for 4

Vo n .
M S
100kQ § 0K v /
Vs 0/9
M— P <
v; &3 Vaon/ — 2V

19
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4. Calculators Needed and Allowed. No devices with full alphanumeric keyboards are
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NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN.
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Problem 1: Node Analysis (30 points)

a) For the circuit below, carefully write down the full set of 5 linear equations that you
would need to solve for the 3 unknown node voltages (V1-V3) and the two unknown
dependent source variables i and is. Label them with the major principle that they are
based on (KVL, KCL). Do not yet solve these equations. (25 points)

Io R2
D)
N — W
la
Al
V, . ’\/\/\/\, V, N V3
i T R1 _ %
Vs (P o Rs
L

1)

2)

3)

4)

5)






Workspace for 1a)

Io F22
—(—) | W
Iy

Alg

\% Vs ) \%
——\ S
. f L

Vs T o v s






Additional Workspace for 1a)

=
=

»=
<
?
S






b) Solve your equations for the case of:
V=5V I,=2mA R =2KQ R,=5KQ R,=10KQ A=25KQ B=2
(5 points)






Additional workspace for 1(b)





Problem 2: Mesh Analysis — (30 Points)

a) For the circuit below, write down, but do not solve (here) the full set of 6 linear
equations that you need to solve for the mesh loop currents (i;-i4) and the ) and the
two unknown dependent source variables i, and is. Label them with the major
principle that they are based on (KVL, KCL). Do not yet solve these equations. (25
points)

Iy R,
=
ORN RO
® MM /\-Ais ®
. f R
V, +> iy Bla @ §R3

1)

2)

3)

4)

5)

6)






Workspace for 2(a)

. {

Vs

l, R,
& Wy

I .
S
AANAA
@ VV VYV . <>—0






Additional Workspace for 2(a)

Bi,






b) Solve for the mesh currents using the same component values as 1(b).
V=5V I,=2mA R =2KQ R,=5KQ R,=10KQ A=25KQ
(5 points)

B=2

10





Additional workspace for 2(b)

11





Problem 3: Bipolar Junction Transistors and Maximum
Power Transfer (25 points)

Suppose we have a common collector npn bipolar junction transistor amplifier as illustrated
below:

Vee
[o}
C
R B
+ o— MWW, npn BJT
V+I\A E
- +
VA BE
Re § Vout
= 0 o] -

For this problem we will use the following:

V,, 207V R, =R =1KQ g =100 V_=+12V

We will use the following model for the npn BJT if V,, >0.7 and V.. >0 (forward active
mode)

o]
B + | C
T VBE:O'7V BFIB
E

a) Find the voltage gain G=Vy,/Vi, when the circuit is running in forward active mode

and no load is present at the output terminals. (10 points)

G=Vou!Vin=

12






Workspace for 3(a)

Vee
o
C
R B
AMr— npn BJT
+ E
Ve -
Re

I—

13





Additional workspace for 3(a)

14





b) If there is no load at the output, what is the effective input resistance that the input
(Vin) source sees? (5 points)

Rin,eff: Q

15






c) Now a load resistor is added (R.) as shown below. Find the value of R, that results in
maximum load power and what is that power assuming that V;,=6V? Also, how much
power is supplied by the Vi, source?(10 points)

V, =6V R, =R.=1KQ g =100 V_=+12V

Vce
o
C
+ o— WA npn BJT
+ E
Vg - +
Vi, BE
Re R Vout
= o l -
RL: Q
PL: W
Pvin= W

16






Additional workspace for 3(c)

17





Problem 4: Op-Amps (15 points)

Find the gain (vo/v;) of the circuit below.

(Vo/ Vi):

50 kQ

18






Additional workspace for 4

150 kQ
50 kQ vy
A *
100kQ v §501‘Q Ve
B
A S~
1 L M
Vi = Va
[ 50 kQ
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Combined Results

		Statistics		

		average		69.45

		st dev		18.97

		median		73
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Combined Results, Precentile View



		Statistics		

		average		69.45

		st dev		18.97

		median		73
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Problem: FOC

High Degree of Overall Competence on FOC Issues
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Problem 2: Series RLC

Pretty Good On SOC’s Overall

Some Additional Mistakes Due to Increase Complexity Vs. FOC’s

Minor Effect from Numerical Complexity
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Problem 3: General RLC

More Problems Here

More Complex Problem

Less Comfort Despite Similarity To Homework Problem

Time Factor?

Working with Symbolic Terms Instead of Numbers?
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EECS 215 Winter Semester 2010 Midterm Exam 1[I
Name (last, first): Tf:f{y . F”O\ gol%h'vu

[ecture Section Terry Guo

Rules:

1. Friday, March 26, 2010, 9:00 to 10:30 AM nominal exam time.

DO NOT DISCUSS THIS EXAM WITH ANYONE PRIOR UNTIL RECEIVING
CTOOLS Announcement!!

2. Closed Book, etc.

3. 2 Pages (8.5”x11”, double sided) of notes allowed

4. Calculators Needed and Allowed. No devices with full alphanumeric keyboards are
permitted.

5. Exam is given under the College of Engineering Honor Code principles and
practices.

6. No communications of any kind are allowed. Use of cell phones, cameras, personal
data assistants, computers, or any other electronic devices, besides approved
calculators, will be treated as an Honor Code violation.

7. Work to be done in Exam booklet. Turn in all pages of the exam.

Do not unstaple the pages. You may remove the last 2 pages (19-20, FOC&SOC note
pages)

8. DO NOT WRITE ON THE BACK OF PAGES.

Work on backs of pages will NOT be graded.

9. Show your work and briefly explain major steps to maximize partial credit.

(for example: 13=11+i2, node A, KCL).
NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN.
10. WRITE YOUR FINAL ANSWERS IN THE AREAS PROVIDED

This Exam Contains
3 problems over 18 pages (including ample workspace).

Sign the College of Engineering Honor Code Below.
(NO credit will be given for the exam without a signed pledge):

I have neither given nor received aid on this examination.

Signed:

Do not write below this line
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Problem 3 [a b ]






Problem 1: First Order Circuits (30 points)

Ry

—W

Switch Closes
at t=t, N

Ove c
I4(t) § R,

|
/I
<

For the circuit above, the switch has been open for a long time (infinitely long) prior to t=0:

a) If we have the following values:
V,(t)=10u(t)V R, =500KQ I,(t)=10ud R, =2MQ C=1nF
The switch closes when the capacitor is charged to +5V and this time is defined to be
t) {Vc(t))=+5V}. Find V(t) for 0<¢ <, and find the value of #,. (15 points)

- ~t/x,
V(t) = (lOV)( |- . ) /Cl - 0 bwms (0<r<y,
o=~ U (E)= 1039466 ms

A

H{ L@I’c 5w«'h% C’Og‘i/ Wit ’!‘]q;/(, 1
slfq.\jh’}‘ folwq/"‘) K(— Cl.qul L

Ry
y
W) vy ) i—(l: c TV

o





Workspace for 1(a)
V, (r)=10u(r)V R, =500KQ |, (t)=10u4 R =2MQ C=1nF

Rg

WW

Switch Closes
at t=t,

+
CD Vg(t) C /= V,
14(0) éRo

_]»ll"f gu(%}l"‘/) \’S })ﬁf’?l—jh}‘ P’ f/\[v'd,/o/
_t/’tl) T - K}/C

v, [e) = fovIll-< S
\ -
= S0 5
- 0:5"’45
or 509m5
7
| ! (’ ”b]//(l> L/
= = 0 —0
) = HhV I
V. (& o
- L=l
51T, =
O -





@ This problem can be done even if you did not complete part (a) {just leave t; as a

symbolic constant].
Using the same component values as in part (b), find V(t) for ¢ 21, . (15 points)

V. ()=10u(r)V R,=500KQ I,(t)=10u4 R,=2MQ C=InF

(£-€) /T
V(1) = (12- ~Te ZJ 4
T~ = OlLf ms b' f rorn (e)

7

Fo{ t2¢, v civeur”

—— C

(t=>1)

/

51

Tl” ALY

“o.ﬂ)”

, - b
Ti“ CW’?“W se& 2
alint
5’00K.IL” 2Mx

(twrn o F’L

S oyrcets

FLw

Kew ©
) L 2 M- D oV + Jou B (
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Workspace for 1(b)
v, (1)=10u(r)V R,=500KQ I, (1)=10ud R, =2MQ C=1nF

— Hooh \C
/C7/ é \ >%-‘Switch Closes

- 0, Yms L at t=t, .

o v 10945 () Velt) C T V.

v, (¢) = |2V + A e
= 5V by Con Finui

= |2V T /‘)’

f/ 0 f l/c

Ve (€1)





Problem 2: Series RLC (35 points)

For the circuit below, find v(t) and i (t) for 0. Note that the sign conventions for V. and i,
are defined on the circuit diagram. In the body of your work, be sure to clearly indicate major
intermediate steps (initial conditions, forced solution, natural solution, matching to initial
conditions).

Use the values:

I(1)=2m4 V (1)=12V
R,=1KQ R =4KQ R, =6KQ
L=ImH C=16nF

Switch Opens Switch Closes
at t=0 v, at t=0
- + Rg
[ o
I\
C

w@®)  Zr 3 L =2 () v,

, €
vy = iV + A,J’b M}Les

A= -1,501 \/) A= +0.5907m
Sa
lL(t) = (t) = C[5IA| 65’t 7L SLA'ZQ, t-]

b’}h 2 = '21633/\’/4"/¢—1) sz = ‘2,77‘1X/.96,,'/
) 2 (L IZn AR = 2T h )"

Injrml;w’a} Wf"H"n as ﬂf“’) J’f""dﬂt T’/ab)eﬂzl

: ot bat thoe was no
50'%';0)’0 1 { f""’}y 6457) ‘ ( | .
Ha,{.'nj ffcc‘[# Par o b /"‘“U bais ng Scricy K LC






Workspace for problem 2

R =1KQ R =4KQ R =6KQ at t=0 A at t=0 R
L=1mH C=16nF - + g
[ o
I\
C

w® kL R, (Vo
i

ks sundty C’"”"'L{m}
“‘T’W#’)/ﬂ 'Z ZMA’ (('nluclf:f qc l’? //kc

9&0/ A J' DC)

o) = o






Additional Workspace for problem 2
I(1)=2mA ¥V, (1)=12V Switch Opens
R =1KQ R =4KQ R, =6KQ at t=0

Switch Closes

at t=0

{ o I, (D ? R §L

0oL <

=y

1

Rg
o?< AWV

<+> v

Ve
- 4 (2.4 k)

)16V
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Additional Workspace for problem 2

L(0)=2md V. (1)=120 Switch Opens Switch Closes
R,=1KQ R=4KQ R, =6KQ at t=0 Ve N at =0 R
L=1mH C=l6nF ) g
‘% I 0,7\/» AN
C

Lo () =13 §L R, C) V()
Vi

A= -(1ev Fh)

AI s, ~bzv)s, -A) 02

[ - latrBt BTy ol
! n-%= ~

5 -
= | 25X17°

4, = +o.5100mV
- 5. 6
5.6 + SZ_/Z)ZL /(

, _ A o
Z)L(jc)z Ce ({,) — Cigl J
/;jjf({ﬂ}

C/)’ré [¥] ,u‘/





Problem 3: General RLC (35 points)

For the circuit below

L C R,
N AMM———
by L li"
R
I +
a L
vV.o( C —— .
Ai )
C

b) Find the general differential equation for V(t). The equation should be expressed in
terms ot the symbolic parameters (V,,V,, R, R,, 4,C, L Jand should not be based on

the specific numbers given in part (b). V.(t) (and its derivatives) should be the only
unknown in your equation. (20 points)

JZVC ‘QIR?— 1 :‘\/c,

3= (R,foA) L + (K,fﬁfﬁ) ) E
- R 1

‘}‘fﬁlrﬁz Lc VC, - ﬁlf&_/} LC l;g/

—

v, Feck, FVe FVC

\/{/-: \/L + (’I( ’}ACC

WL
L;R + Al = (*C\é ~h

5 4= K[%m A +V<i]






Workspace for 3(a)

L R,
4 p e WW l
J“‘l, f_l__l_/_c Rl C+
/': LTI/Q, '}—C‘ZZJE*Cv(t)+> CJFV
/%/ZL-ﬂ)q_’l(:,} LJ\/C, Al
Jve
+CR T Ve
Jev. ¢ thi) iér‘é
- 4 /2 e
_ f_l_,ﬁ”—.ﬁ s + g” J
= LC( < )Je

13





¢) This problem can be done even if you did not complete part (a).
For previous circuit with the component values:

R =2KQ R,=500Q A=2KQ C=0.1ufF L=0.1H V, (t):lu(t)V,
find V(t) for ¢ > 0 given that the differential equation is;

2

&, N7 L
e +(4x104s ')7+(4x1085 ')VC = constant ( for 1 20)

Note that the value of the constant forcing function has not been provided. Circuit
analysis is required to find the forced solution. In the body of your work, be sure to
clearly indicated major intermediate steps (initial conditions, forced solution, natural
solution, matching to initial conditions). (15 points)

~ (23l Y
Tvc(t)= | = (14 Cxe’ ) 4 X Vv

CheK  p)
i K,m% (///f IC Lf%/avf /
Lo = (ot~ iteh)C

Y -
= o= 2K =
K- |
| I S
1 ﬂ' i 90”)’/ /f)g

Wo — R Lc
0 \K'{, _ L{)(/OK e

T -
':'7 w‘; = 2‘><}0¢’,

O( = We —""> Cy/;"#'oq//) J“”W‘{PQ/

X6
\/c;/] = (Al Jf/qz’(: )-& o tire] resp e

15





Workspace for 3(b) ~é %

R =2KQ R, =5000
A=2KQ R
C=0.1uF L=0.1H

V()= () /ngt/() c

«_

]
.n<+°

}:afcc{ & 9/’”” §¢/

0 ,//'C y Il}—-

éac, >0

t >80






Additional Workspace for 3(b)

L Rz
2880 MWy
R =2KQ R, =500Q —> lic
A=2KQ \/ OR R,
C=0.1uF L=010 , *
V (6)=lu(t)V \@C’D Cc L VCO\/
Ai i
4 :O'JL z
- -Cc

/ : - = (,'
. +

.- ¢
-t foce
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EECS 215 Winter Semester 2010 Midterm Exam |1

Name (last, first):

Lecture Section Terry Guo

Rules:

1. Friday, March 26, 2010, 9:00 to 10:30 AM nominal exam time.

DO NOT DISCUSS THIS EXAM WITH ANYONE PRIOR UNTIL RECEIVING

CTOOLS Announcement!!

Closed Book, etc.

2 Pages (8.5”x11”, double sided) of notes allowed

4. Calculators Needed and Allowed. No devices with full alphanumeric keyboards are
permitted.

5. Exam is given under the College of Engineering Honor Code principles and
practices.

6. No communications of any kind are allowed. Use of cell phones, cameras, personal
data assistants, computers, or any other electronic devices, besides approved
calculators, will be treated as an Honor Code violation.

7. Work to be done in Exam booklet. Turn in all pages of the exam.

Do not unstaple the pages. You may remove the last 2 pages (19-20, FOC&SOC note
pages)

8. DO NOT WRITE ON THE BACK OF PAGES.

Work on backs of pages will NOT be graded.

9. Show your work and briefly explain major steps to maximize partial credit.

(for example: i3=i1+i2, node A, KCL).
NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN.
10. WRITE YOUR FINAL ANSWERS IN THE AREAS PROVIDED

This Exam Contains
3 problems over 18 pages (including ample workspace).

w N

Sign the College of Engineering Honor Code Below.
(NO credit will be given for the exam without a signed pledge):

| have neither given nor received aid on this examination.

Signed:

Do not write below this line
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Problem 1 [a b ] Problem 2 [ ]
Problem 3 [a b ]






Problem 1: First Order Circuits (30 points)

Ry

AAAN
VVVV

%ii/\t/i:tflh Closes )
<+> Vg(t) ‘ C /— V,
TOEEL |

For the circuit above, the switch has been open for a long time (infinitely long) prior to t=0:

a) If we have the following values:
V, (t)=10u(t)V R, =500KQ I (t)=10uA R, =2MQ C=1nF
The switch closes when the capacitor is charged to +5V and this time is defined to be
t1 {Vc(t)=+5V}. Find V¢(t) for 0<t <t and find the value of t,. (15 points)

(o<t<t,)

Ve(t)

t]_ =






Workspace for 1(a)

V,(t)=10u(t)V R, =500KQ I (t)=10pA R, =2MQ C=1nF

Ry
AW, J
Switch Closes
Xﬂat t=t, +
g(t) | == V.

=






Additional Workspace for 1(a)





a) This problem can be done even if you did not complete part (a) {just leave t; as a
symbolic constant}.

Using the same component values as in part (b), find V¢(t) for t>t, . (15 points)
A (t)=10u(t)V R, =500KQ l,(t)=10uA R, =2MQ C=InF

V(t) = (t>t,)






Workspace for 1(b)

V,(t)=10u(t)V R, =500KQ I (t)=10pA R, =2MQ C=1nF

Ry
AW, J
Switch Closes
Xﬂat t=t, +
g(t) | == V.

=






Additional Workspace for 1(b)

V,(t)=10u(t)V R, =500KQ I (t)=10pA R, =2MQ C=1nF

Ry

Switch Closes
ﬁﬂat t=t,

=

)|






Problem 2: Series RLC (35 points)

For the circuit below, find v¢(t) and i (t) for t=0. Note that the sign conventions for V. and i,
are defined on the circuit diagram. In the body of your work, be sure to clearly indicate major
intermediate steps (initial conditions, forced solution, natural solution, matching to initial
conditions).

Use the values:

I,(t)=2mA  V, (t)=12V
R,=1KQ R =4KQ R =6KQ
L=1mH C=16nF

Switch Opens Switch Closes
at t=0 \2 at t=0
- + Rg
[
ks o?g MW
C

w@®) Sk Gt =2 (V.o

V() =

iL(t) =






Workspace for problem 2

IL(t)=2mA  V, (t)=12V Switch Opens Switch Closes
R, =1KQ R =4KQ R, =6KQ at t=0 V. at t=0 r
L=1mH C=16nF - + e
It o
I\
C

L0 (4) =k, §L = R, <+> v, (0






Additional Workspace for problem 2

L(t)=2mA v, (t)=12v
R,=1KQ R =4KQ R =6KQ
L=1mH C=16nF

Switch Closes

at t=0

Lo ()

Switch Opens
at t=0 \A
I
I\
C

=R,

10





Additional Workspace for problem 2

L(t)=2mA v, (t)=12v
R,=1KQ R =4KQ R =6KQ
L=1mH C=16nF

Switch Closes

at t=0

Lo ()

Switch Opens
at t=0 \A
I
I\
C

=R,

11





Problem 3: General RLC (35 points)
For the circuit below

+
Vg(t) C \A

\|
/I

a) Find the general differential equation for V(t). The equation should be expressed in
terms of the symbolic parameters (V_,V,,R,R,, A,C, L )and should not be based on
the specific numbers given in part (b). V() (and its derivatives) should be the only
unknown in your final equation. (20 points)

12





Workspace for 3(a)

13





Additional Workspace for 3(a)

14





b) This problem can be done even if you did not complete part (a).
For previous circuit with the component values:
R =2KQ R,=500Q A=2KQ C=0.1uF L=0.1H V, (t)zlu(t)V ,
find V(t) for t > 0given that the differential equation is:

dd2¥C +(4x104 sl)%+(4x10851)vc = constant ( for t>0)

Note that the value of the constant forcing function has not been provided. Circuit
analysis is required to find the forced solution. In the body of your work, be sure to
clearly indicated major intermediate steps (initial conditions, forced solution, natural
solution, matching to initial conditions). (15 points)

V(D) =

15





Workspace for 3(b)

R =2KQ R, =500Q
A=2KQ

C=0.1yF L=0.1H
v, (t)=1u(t)V vgo(j)

d, +(4x10“s’1)%
dt

dt’

(4x10°s™)V, = constant ( for t>0)

+






Additional Workspace for 3(b)
R

L 2
(Y YY) /\/\/\/\,

R =2KQ R, =500Q lic
A=2KQ R,

C=01uF L=0.1H
v, (t)=1u(t)V v, <+> c L

Ai

dzvc 41 % [

e +(4x0°s™) ot

(4x10°s™)V, = constant ( for t>0)






Additional Workspace for 3(b)
R

L 2
(Y YY) /\/\/\/\,

R =2KQ R, =500Q lic
A=2KQ R,

C=01uF L=0.1H
v, (t)=1u(t)V v, <+> c L

Ai

dzvc 41 % [

e +(4x0°s™) ot

(4x10°s™)V, = constant ( for t>0)






EECS 215 Exam 2 Equation Sheets

First Order Circuits

Source-free RC (vs=0) Source-free RL (vs=0)

R C_— V¢ R L%lil—

Ve () = Ve (0)e V™ = v (0)e " i (t) =i, (0)e™" =i (0)e™”"
Step response RC (vs=Vs u(t)) Step response RL (vs=Vs u(t))
R R

— VNN
+

Vy(t) CD C— V¢ vy() CD L 3 l I

Ve (1) =V + (Vc (0) -V, )eft/RC . 3 \i ( - \ij aL
Ve (t) =V, (0) + (Vc (0) -V, (oo))eft/RC i ()= R +1,(0) o e

I, (@) =i, () + (iL (0)—i, (OO))e—tR/L

General procedure for first order circuits:
1) Find Thevenin/Norton equivalent
2) Determine time constant (ReqC or L/Reg)
3) Determine initial value for capacitor or inductor.
4) Determine forced solution. For step response, this is the final value. For time
dependent input, use trial function in differential equation and determine unknown

constants.
5) Apply initial/boundary condition to determine unknown constant.






Second Order Circuits

Source-free Series RLC (vs=0)
(or natural solution for series RLC)

Source-free Parallel RLC (vs=0)
(or natural solution for parallel RLC)

R§ L c__V

Differential Equation:
d% R di [

_2+__
dt® Ldt LC

Differential Equation:
dv 1 dv v

_2 + R
dt® RCdt LC

Characteristic Equation:

s24sRi 1 g
L LC

Characteristic Equation:

s4st L _g
RC LC

Source-free Series RLC (continued)

Source-free Parallel RLC (continued)

Roots:
R RY 1
S2="5rE 50| TR
' 2L 2L LC

S; 5 =—ata’ —a)§
R 1

o=—
2L

Roots:

1 1) 1
Se =~ oot 55~ | TR
’ 2RC 2RC LC
S12 =—at,a’ —a)(f

1
oa=—= @,
2RC

1
-~ JLC

Solutions:
Overdamped, o > o,

i(t)= Ae™ + Ae™
Critically damped, a = o,
i(0)=(At+ A
Underdamped, o < @,
i(t) = (B, cos w,t + B, sin w,t)e ™

_ 2 2
Wy =Wy —

Solutions:
Overdamped, a > w,

v(t)= Ae™ + Ae™
Critically damped, o = o,
v(t)= (At+A)e
Underdamped, a < o,
v(t) = (B, cos w,t + B, sin w,t)e ™

_ 2 2
Wy =Wy —a

General procedure for second order circuits:

1) Get differential equation in form % + Za(;jTV +oiv = f(t) (orinterms of i)

2) Determine o and mg and determine natural solution

3) Determine forced solution (for step response, this is the final/steady state value)
4) Determine initial conditions (e.g. v(0") and dv(0")/dt)

5) Apply initial conditions to complete solution to determine unknown constants

20
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EECS 215 Winter Semester 2010 Final Exam
Name (last, first):

Lecture Section Ay Guo
1/ —
Rules:

1. Monday, April 26, 2010, 7:00 to 9:00 PM nominal exam time.

DO NOT DISCUSS THIS EXAM WITH ANYONE PRIOR UNTIL RECEIVING
CTOOLS Announcement!!

2. Closed Book, etc.

3. 3 Pages (8.5"x11”, double sided) of notes allowed

4. Calculators Needed and Allowed. No devices with full alphanumeric keyboards are
permitted.

5. Exam is given under the College of Engineering Honor Code principles and
practices.

6. No communications of any kind are allowed. Use of cell phones, cameras, personal
data assistants, computers, or any other electronic devices, besides approved
calculators, will be treated as an Honor Code violation.

7. Work to be done in Exam booklet. Turn in all pages of the exam.

Do not unstaple the pages. You may remove the last 3 pages (25-27, FOC, SOC, Bode
note pages)

8. DO NOT WRITE ON THE BACK OF PAGES.

Work on backs of pages will NOT be graded.

9. Show your work and briefly explain major steps to maximize partial credit.

(for example: i3=i11+i2, node A, KCL).
NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN.
10. WRITE YOUR FINAL ANSWERS IN THE AREAS PROVIDED

This Exam Contains
4 problems over 27 pages (including ample workspace).

Sign the College of Engineering Honor Code Below.
(NO credit will be given for the exam without a signed pledge):

I have neither given nor received aid on this examination.

Signed:

Do not write below this line
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Problem 1 [a b ] Problem 2 [a b C ]

Problem 3 | ] Problem 4 [a b ]






Problem 1: Transient Response (30 Points)

a) For the circuit below, find the general differential equation for v.(t). The equation
should be expressed in terms of the symbolic parameters (V,,V,,R,R,,A,C,L) and
should not be based on the specific numbers given in part (b). V(t) (and its
derivatives) should be the only unknown in your final equation. You may use either

time domain or s-domain methods. (Prof. Terry found the time-domain approach to
be faster on this one, but either will work) (15 points)

<

A
R,C dt

SV (e b Byl Lo B pp g
+

L Rz,v

— Ltc R

+ o

+
Vg(t) TD v, T C § R2






Workspace tor | (a)
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/¢\
\/
L L /:Yn rAYVe
Rl L \l/CC Lz
vy(t) + Ve /= C R,






Additional Workspacc for 1 (a)
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Additional Workspace for | (a)
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b) This problem can be done even if you did not complete part (a).
If we use the following component values, the resulting differential equation for t>0
is given below. Find v(t) tor t0. (15 points)
v () =lu()V R =R =1KQ A=7x107Q" C=1nF L=1mH

d\

(2010 s

i +(9x10" s )vC:(lxlo‘ZV-s"z) Jort>0
L

V) = %"?) Fl-cos (wde) + 2@9/4(0/45)][0(
e af.?)(/y(’ya/- A= /L/oér/a/

I L §

Vilt) i V, - C §R2

. SR NG 7)(/044
6 e <7>’/0 s = 7

o= X[ e
L. A = L/[nlfrﬂ(amﬂ«} at
V = ([3 coslosde) + P MO(W”/OJ

cV\

RN ({ ,(>’ \/‘7%

s (fuf )

b
=22 X117 Lo





Workspace for 1(b)
v (O=W()V R =R =1KQ 4=7x10"'Q" C=InF L=1mH

% +(2~"|0(‘»V ] )% + (Q\'I(J'z,y’:}v‘ = [1.‘,]0|1 oy :) Jort>0
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F 1 v L X
Jiffn(n}iwf e _
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- V. 29
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Additional Workspace tor 1(b)

v () =lu()) R =R, =1KQ A=7x10"'Q" C=InF L=ImH

L (2-\'1()h.s"l)«(:—;;i+(9\'l(')l“‘.s“j)p( Z (11107552 fort >0
0 N
Bouﬂf CJV])J!%’H/]} / -~
\/(/(0) :; —> (// i L
T W Py |
oo O J -
= _|’\£ = (0/')
[’l R f
_at
. (9*> ZA"//’”) A - t){(/
- 1 (B cos (ad€) T &L;/r)(a/,/ )
V. (t) = TV e Hr
_av s 20
V. (o) ~ = 1

Bl = W7
7 b = ,JL — \/
(/,JZ’X/?A>[ T j
- L T — -‘/‘/t
N e Gintudt) [e
C





Problem 2: AC Steady State & AC Power (35 Points)

For the circuit on the following page:
a) Write down a complete set of tive phasor domain nodal analysis equations that you
would need to find the phasors of the unknown node voltages V|, V2, Vi, V,, and the
controlling variable i.. Indicate the major reason (KVL, KCL) for each equation. You

are not reguired to numerically solve these equations. (15 points)

V"'V?_ V",/?

\/‘//0\/ A

o e

1) [H JHte- g T
Hazjc_l
V.-V ( Ve r vy 1oV Va—Vo 0
2) IR T ik T "\J;élm,' -
SN el
Vo= Vs 3
3) T T Jio =0 el

ST

Node Jo)

"z

I VL/
| fnce -
Cap

T






Circuit and workspace for 2(a)

V()=10Vcos(w t) I (=] ,cos(et)
0=2x10°%r/s 0=2x10%s

| - sy Hhio
Vi, - oV Vs Vo
cc =V Ve 4 o0y 2
PR AR T SR Tere T eRe
Vo —Vs — 0
(g We L ,-JéKm%fL@






IS:

5,642,000 2,439,000, 4,028 1,894,
v = |( + 2220 ) 0 1y, + (222 4 1224 10v
1,517 1517 7,585 7,585

For (b) and (c) part, do not attempt to numerically solve (a). The following provides
all the information you need: assume that the exact phasor domain result for part (a)

Additional workspace for 2(b)

)= 114747 nft
A0~ 00315 1t
A

Az [ Piaser
c - \
Zet L,piri N

w/f Vs hL /J :[;0 VO J/{cl’”llﬁ

:/}//?OS’;
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For (b) and (c) part, do not attempt to numerically solve (a). The following provides
all the information you need: assume that the exact phasor domain result for part (a)

1S .
5,642,000 2,439,000, 4,028 1,894,
v = |( + )01+ (222 4+ 222 10y
1,517 1,517 7,585 7,585

b) For the circuit in the box (the dashed box), what is the open circuit output voltage
Vo (t)=V u(t) (the measurable, time domain response) and what is the short circuit or
Norton current In(t) (the measurable, time domain response)? What is the complex
output impedance Z, at o=2x10" /s in a+jb format (10 points)

V (—6) . r ; o
@%ﬂ- [ So9u0) osflrrtle + 251272 )

()= | S Lpae. o [(2xpf )€ + L5257 pa
Lo~ (/57[7 +] ],4337 ] KQ

G_\Lw-t:/“_?’ilf/l-ﬁ 70
A e

) J
| ) S
( j»}mw) _ K/J//l"/ y qui

~ (kg + ootsey)mh

12





For (b) and (c) part, do not attempt to numerically solve (a). The following provides
all the information you nced: assume that the exact phasor domain result for part (a)

1S:
5,642,000 2,439,000 ., 4,028 1,894 ,\ .
Vo= |( + ) Q] 1 + (22224 222 10v
1,517 1,517 7,585 7,585

It a passive load 1s connected at the output of the boxed circuit (as illustrated below),
tind the load impedance (Z1) that results in maximum power transter. What is the
average dissipated power (Payv)? If the load Z is modeled as a resistor in series with
cither a capacitor or inductor, find the R and L or C required. (10 points)

Z[‘: gi 7/T ‘}/’Tl/— +j l" I,é:ﬁ'g /’r QB
P,~= |'y ( 57 mwW
e 3711 K

And either:
L= H
S—a P Es

P — 7/////'}; 14






3. Passive Filters and Bode Plots (15 points)

For the circuit below, if we have the component values below, the following 4 Bode plots
all correct for the transfer functions

H('I (S) = vr‘l /vin s [IL'E (\) - "(-z/"m 2 11/ (\) = ‘)I,,/Viu > (lnd H (S) = ‘}oul/viu *
Which Bode plot represents 7/ (s)=v,, /v, and how do you know? Note: solving for

in

the transfer function is not requived and attempting this is not recommended. (15 points)
C =C,=9.50548nF L=111.813uH R,=R,=50Q2

VC] i 4 Vc2
Y VL
VWV | —©
+ R +
1 C + G
Vm L VL R2 Vout

The correct bode plot is (circle only one):

Explain your reasoning clearly and succinctly. No credit given
| without valid reasons.

Frﬂﬂ/) Cl(V"c ur/% ’GVH/V 5,5 ) This ' g

s orde Vigh P Filte o
7/ \%0 voer) L3 GA)/}" V""f’ 2
/M%O CaJ 5 f ) 2

ke chord LR ot 2a,

e —————— .

Y T T e I I





(A) Magnitude

s e e e L Y S

-30

-35

-40
10

10°

L,
)2 1/ ! hiyn I
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(B) Magnitude
10/ . S S

frequency (r/s)

Yo fligh P Respnte

d;) A ’7L ~h I}’/ (; V) .>;, - ,” '( v

PC 7460

19





-

(C) Magnitude

frequency (r/s)

%éf}' ”4“(/1[ ’LC
H,)% Paf? +

20





10

o

(D) Magnitude
AR RN B .

10° 10’
frequency (r/s)

M>7L 2 %9/7 f?fﬁ






Problem 4: Active Filters (20 points)

L . C e v .
a) For the circuit below, derive the transter function H (s) =% (15 points)
V.

H(s)~ '(@a C,s) 4]

(R, C.5 +1)%

Ry
WA
R ok
Vin o - -
1
) L ¢
C R,
il R,
MAN
\/ = J::IL V/ 8 - RQ CJ—Z—’M‘ CV)
7 1, 2y Co T+ |

O Vout

22





Workspace for 4(a)

Vin o f\/\/\/\/ \ > -
) l % / C
C R,

V/}’/Zl/}a/‘/“,) = FK—Q——?—‘ ~/ l/c/?

= (ﬁzcls ~| > Vi

R,C,5F)

(\/owr/]/r“r)cf * (M’MF/ZVO'V’) — hc L
\/(ﬁ#&KLB = Vbq4—V%&gC S
ot [/ [ CQ ,_(> {ﬁ C 53 _)L /:{
— Ven Cus

+/

Sy [ (Ryces)” 2 _poc, sk R
p (05T R Rt T
. KLCgS +

23





Additional Workspace for 4(a)

Vin o

AAAA
W -."wv‘

24

O VU\H





b) Either from your transfer function and/or circuit analysis, what type of filter is this)?

(S points)

Filter type is (circle only one):

Low-Pass Hi gh-Pa‘s.msdw_w e
T

Band-Pass QBand-Stop/Band-Reject/N oth

No credit without a clear, concise, correct set of reasons in your

o Vout

work.
R,
R,
AANA
v O SATATEYS A ‘
I /1
.
L C
-
C Ry ==
‘Al‘u"f\‘v‘f“\'(b\‘\’







EECS 215 Winter Semester 2010 Final Exam
Name (last, first):

Lecture Section Terry Guo

Rules:
1. Monday, April 26, 2010, 7:00 to 9:00 PM nominal exam time.
DO NOT DISCUSS THIS EXAM WITH ANYONE PRIOR UNTIL RECEIVING
CTOOLS Announcement!!

2. Closed Book, etc.

3. 3 Pages (8.5”x11”, double sided) of notes allowed

4. Calculators Needed and Allowed. No devices with full alphanumeric keyboards are
permitted.

5. Exam is given under the College of Engineering Honor Code principles and
practices.

6. No communications of any kind are allowed. Use of cell phones, cameras, personal
data assistants, computers, or any other electronic devices, besides approved
calculators, will be treated as an Honor Code violation.

7. Work to be done in Exam booklet. Turn in all pages of the exam.

Do not unstaple the pages. You may remove the last 3 pages (27-29, FOC, SOC, Bode
note pages)

8. DO NOT WRITE ON THE BACK OF PAGES.

Work on backs of pages will NOT be graded.

9. Show your work and briefly explain major steps to maximize partial credit.

(for example: i3=i1+i2, node A, KCL).
NO CREDIT WILL BE GIVEN IF NO WORK IS SHOWN.
10. WRITE YOUR FINAL ANSWERS IN THE AREAS PROVIDED

This Exam Contains
4 problems over 29 pages (including ample workspace).

Sign the College of Engineering Honor Code Below.
(NO credit will be given for the exam without a signed pledge):

| have neither given nor received aid on this examination.

Signed:

Do not write below this line
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Problem 1 [a b ] Problem 2 [a b C ]

Problem 3 [ ] Problem 4 [a b ]






Problem 1: Transient Response (30 Points)
a) For the circuit below, find the general differential equation for v¢(t). The equation
should be expressed in terms of the symbolic parameters (V,,V,,R,R,, A,C,L) and

should not be based on the specific numbers given in part (b). V¢(t) (and its
derivatives) should be the only unknown in your final equation. You may use either
time domain or s-domain methods. (Prof. Terry found the time-domain approach to
be faster on this one, but either will work) (15 points)

Av,
<
I L
/\/\/\/\/ (MM






Workspace for 1 (a)






Additional Workspace for 1 (a)






b) This problem can be done even if you did not complete part (a).
If we use the following component values, the resulting differential equation for t>0
is given below. Find v(t) for t>0. (15 points)
v, (t)=Iu(t)V R =R,=1KQ A=7x10°Q" C=InF L=1mH
d?v,
dt?

+(2x10651)%+(9x101252)v0 =(1x10*V(57) fort>0

V() =

Av.
A
I L
/\/\/\/\/ : seee






Workspace for 1(b)
v,()=u(t)V R =R,=1KQ A=7x10°Q" C=InF L=1mH

ddzt\gc +(2x1055’1)%+(9x10125’2)v0 — (110 V(5?) fort>0
Av
C
‘—
iL L






Additional Workspace for 1(b)
v,()=u(t)V R =R,=1KQ A=7x10°Q" C=InF L=1mH

ddzt\gc +(2x1055’1)%+(9x10125’2)vc — (110 V(5?) fort>0
Av
C
‘—
iL L






Problem 2: AC Steady State & AC Power (35 Points)

For the circuit on the following page:

a) Write down a complete set of five phasor domain nodal analysis equations that you
would need to find the phasors of the unknown node voltages Vi, V2, V3, V,, and the
controlling variable i.. Indicate the major reason (KVL, KCL) for each equation. You
are not required to numerically solve these equations. (15 points)

1)

2)

3)

4)

5)






Circuit and workspace for 2(a)

2 mH v (2KQ)ic 6 mH
OO I P e & e o
_ Vs
§ 1KQ L .
5 KQ
MWW A
~ 500 pF

1 b
V,y(t)=10Vcos(wt) I (t)=1_.,cos(mt)
©=2x10°r/s

®=2x10%r/s





Additional workspace for 2(a)

4 KQ
2mH V. (2KQ)i 6 mH a
V, 2
OO + o
. V3 +
§ 1KQ L fe :
5 KQ :
M—T KO
Q"gm 00
il b
V,4(t)=10Vcos(wt) I (t)=1 ,cos(mt)
g
®=2x10%/s ®=2x10°r/s

10





Additional workspace for 2(a)

4 KQ
v 2 mH v, (2KQ)ic 6 mH a
1
laaa'a) A [aaas)
. V3 +
§ 1KQ L le :
5 KQ :
M—T Ve (P
1 b
Vy(t)=10Vcos(wt) 1L ()=1_,cos(ewt)
©=2x10°r/s ©=2x10°r/s

11





b)

For (b) and (c) part, do not attempt to numerically solve (a). The following provides

all the information you need: assume that the exact phasor domain result for part (a)

is:
_ 5,642,000 2,439,000 . 4,028 1,894 ,
Vo= [( 1,517 + 1,517 ]) Q] Io + (7,585 T 7,585]) 1ov

For the circuit in the box (the dashed box), what is the open circuit output voltage
Vo(t)=V1u(t) (the measurable, time domain response) and what is the short circuit or
Norton current In(t) (the measurable, time domain response)? What is the complex
output impedance Zeq at »=2x10° r/s in a+jb format (10 points)

Vru(t)= \
In(t)= A
Zog= + ] Q

12






For (b) and (c) part, do not attempt to numerically solve (a). The following provides
all the information you need: assume that the exact phasor domain result for part (a)

is:
_ 5,642,000 2,439,000 . 4,028 1,894 ,
Vo= [( 1,517 + 1,517 ]) Q] Io + (7,585 T 7,585]) 1ov

Additional workspace for 2(b)

13






For (b) and (c) part, do not attempt to numerically solve (a). The following provides
all the information you need: assume that the exact phasor domain result for part (a)

is:
_ 5,642,000 2,439,000 . 4,028 1,894 ,
Vo= [( 1,517 + 1,517 ]) Q] Io + (7,585 T 7,585]) 1ov

If a passive load is connected at the output of the boxed circuit (as illustrated below),
find the load impedance (Z,) that results in maximum power transfer. What is the
average dissipated power (Payv)? If the load Z,_ is modeled as a resistor in series with
either a capacitor or inductor, find the R and L or C required. (10 points)

Z.= + ] Q
Payv= W

R = Q

And either:

L= H

or

C.= F

14






4

2 mH (2KQ)i 6 mH
v, m V, ¢ m a
aaaa) d h laaa'a) o
V3
§ 1KQ L t
5KQ :
W— Vo
v, ~T~500 pF
L b
Vy(t)=10Vcos(wt)

®=2x10r/s

15





Workspace for 2 (¢)

For (b) and (c) part, do not attempt to numerically solve (a). The following provides
all the information you need: assume that the exact phasor domain result for part (a)

IS.
B 5,642,000 2,439,000, 4,028 1,894,
Vo= [( 1,517 + 1,517 ]) Q] Io + (7,585 + 7,585]) 10v

16






3. Passive Filters and Bode Plots (15 points)

For the circuit below, if we have the component values below, the following 4 Bode plots
all correct for the transfer functions

Hcl(s) :Vcl/vin ’ Hc2 (S) :VCZ/Vin ’ HL (S) :VL/Vin 7and H (S) :Vout /Vin -
Which Bode plot represents H (s)=Vv,,/v,, and how do you know? Note: solving for

the transfer function is not required and attempting this is not recommended. (15 points)
C,=C,=9.50548nF L=111.8134H R,=R,=50Q

Ver Ve
- + + -
i) ) °
Ri ¢ + G
Vin I_ % VL R2 § VOUt
. .

The correct bode plot is (circle only one):
A B C D

Explain your reasoning clearly and succinctly. No credit given
without valid reasons.

17





dB

(A) Magnitude

10

pd

10

10°

frequency (r/s)

10

10
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dB

(B) Magnitude

10

10°

frequency (r/s)

10

10
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dB

(C) Magnitude

-5

/ ™ et

-10
-15

-20

-25

-45

-70

N

-90

10

10°

frequency (r/s)

10

10

20





dB

(D) Magnitude

10

10°

frequency (r/s)

10

10
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Problem 4: Active Filters (20 points)

a) For the circuit below, derive the transfer function H (s):v—0 (15 points)
V.

in

H(s)=

V; -

in o /\M/\/ \ )I o Vout
|
| / C

22





Workspace for 4(a)

R
MWV
Ry
Yin o VWY \ \| o Vout
\| N /|
/| C
C R,
L R,
MWW

23





Additional Workspace for 4(a)

o Vout

Ry
AMAA
VWWr—
Ry
o M
\|
/1 g C
C R,
= R2
M

24





b) Either from your transfer function and/or circuit analysis, what type of filter is this?
Hint: Look at H(w) not H(s) (5 points)

Filter type is (circle only one):
Low-Pass High-Pass
Band-Pass Band-Stop/Band-Reject/Notch

No credit without a clear, concise, correct set of reasons in your
work.

Ry

o Vout

+ 1

o L
2y
N

O 4

25





Workspace for 4 (b)

Ry
—\WW\—
Ry

Ve AL ||

\| /]

7l b c

C R,

L R,
W

o Vout

26





EECS 215 Final Exam Equation Sheets

First Order Circuits

Source-free RC (vs=0) Source-free RL (vs=0)

R C_— V¢ R L%lil—

Ve (t) = v, (0)eVR¢ = v, (0)e ™" i () =i (0)e™" =i (0)e"
Step response RC (vs=Vs u(t)) Step response RL (vs=Vs u(t))
R R

Et AYA e
+

vy(t) C_f) C= V¢ V(1) <t> L % |

Ve (t) =Vs + (Vc (0) Vs )e_t/RC - - \é ( i \&j o
Ve (t) = Ve (20) + (v (0) — v (0) e VR L)=—+ L0 -2 e

i, (t) =i, (o) +(i, (0)—i, (0))e™™"

General procedure for first order circuits:

1) Find Thevenin/Norton equivalent

2) Determine time constant (ReqC or L/Reg)

3) Determine initial value for capacitor or inductor.

4) Determine forced solution. For step response, this is the final value. For time
dependent input, use trial function in differential equation and determine unknown
constants.

5) Apply initial/boundary condition to determine unknown constant.






Second Order Circuits

Source-free Series RLC (vs=0)
(or natural solution for series RLC)

Source-free Parallel RLC (vs=0)
(or natural solution for parallel RLC)

R§ L c__V

Differential Equation:
d% R di [

_2+__
dt® Ldt LC

Differential Equation:
dv 1 dv v

_2 + R
dt® RCdt LC

Characteristic Equation:

s24siy Lt g
L LC

Characteristic Equation:

s 4L
RC LC

Source-free Series RLC (continued)

Source-free Parallel RLC (continued)

Roots:
R RY 1
So=—7 |7 =
' 2L 2L) LC

S; 5 =—ata’ —a)§
R 1

o=—
2L

Roots:

1 1)V 1
S12 =———=* |l == | =
’ 2RC 2RC LC
S12 =—at,a’ —a)(f

1 1
oa=— @,
2RC

Solutions:
Overdamped, o > @,

i(t)= Ae™ + Ae™
Critically damped, o = @,
i(t)=(At+A, )
Underdamped, o < @,
i(t)= (B, cosw,t + B, sinm,tle™

_ 2 2
Wy =0y —a

Solutions:
Overdamped, a > @,

v(t)= Ae™ + Ae*
Critically damped, a = o,
v(t)=(At+ A e
Underdamped, o < @,
v(t) = (B, cos w,t + B, sin o, t)e ™

_ 2 2
Wy =\O; —a

General procedure for second order circuits:

1) Get differential equation in form % + Za(;jTV +wiv = f(t) (orinterms of i)

2) Determine o and wo and determine natural solution

3) Determine forced solution (for step response, this is the final/steady state value)
4) Determine initial conditions (e.g. v(0") and dv(0")/dt)

5) Apply initial conditions to complete solution to determine unknown constants

28





Factor Bode Magnitude Bode Phase

Constant 20 log K T80T IFK <0
K 0dB 0 O 0°ifK>0
o (9ONY’
Zero @ Origin slope = 20N dB/decade
Gy 0dB l= ®
Pole (@ Origin 0dB ; o U
()N ! slope = —20N dB/decade (~90N)°
(90N)”

Simple Zero
slope = 20N dB/decade

(1+ joo )Y 0dB- : o S ' }
[ON 0.1, W 106,
Simple Pole = 0lo, . 1060,
I 0 dB . (‘E:'C @ -U : C {-E:'L. i (v
( 1 )*"* slope = —20N dB/decade i
1+ jolay, ' (—90N)"
T
1 (180N)"
dratic Z :
i A v
Quadratic Zero slope = 40N dB/decade '
. L
[1+ 28/ + (jolng)? 1Y !
0dB-—— o L : ;
g 0lw, o 100,
®¢ 0° 0.1, W 100w,
0dB- } - : } +
Quadratic Pole , !
"
_ 1 : : slope = —40N dB/decade !
[1+ 28mim, + (jofoe)* ]V '
i (—180N)°
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EECS 215 Winter Semester 2010 Midterm Exam I: Corrections, Clarifications & Hints

Problem 2

b) Find the mesh current iy, i,, i3 i;. Show your work but clearly box-in your answers and express
them including units (A, mA, etc.)

Problem 3

a) The gain (G) should not include any effects of DC offset voltage. First find V, as function of V;,
and the other parameters, and then Define G by:

b) Similarly, the effective input resistance should not consider DC offsets. First find the input
current /;, flowing out of the input source. Then find:
R -
in,eff 8|
c) This problem can be done correctly in several ways, but you may want to consider finding the
short circuit current as a first step.

in





