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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 1

Issued: 1/8/10

Due: 1/15/10, 9:30 AM

U&M refers to a problem from Ulaby and Maharbiz.
Problems:

1. A certain cross sectional area lies in the x-y plane. If 4x10*° electrons go through this area in 5
seconds in the —z direction and simultaneously 2x10*° doubly positively charge He nuclei go
through the same area in the +z direction, what is the magnitude and direction of the current
flowing through the cross section?

uam1.8d

U&M 1.10b

U&M 1.15

u&m1.17

U&M 2.3

U&M 2.14

U&M 2.19

U&M 2.25

10. U&M 2.29
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EECS 215 HW#1 Solution

1. Electron charge: 1.6021 *1071° C
Doubly positively charged He nuclei charge : 2 * 1.6021 * 10712 C
AQelectron = 1.6021 %1071 % 4 %1020 C
AQpe nuciei = 2 * 1.6021 10719 x 2% 1020 C

Electron direction : -z direction - current in +z direction
He nuclei direction : +z direction = current in +z direction
The direction of current is opposite of the direction of electron. And the direction of current is

same with the direction of positively charged nuclei flow.

i _ AQelectron _ 1.6021 %107 1941020 _
lelectron = At = : = 128168 4

AQuo Nuctei 2 * 1.6021 % 10719 % 2 % 1020

lHe Nuclei = At = 5 = 1281684

Summing up two currents, i = igectron + LHe Nuclei = 25.6336 A

2. U&M 1.8(d)
q(t) = 1.7+t +[1—e 12 nC
dq(t d
i(t) = % = d—[1 Ttx(1—e 125)] %1077
= {17« (1 —e 12) + 1.7t » (1.2e712t)} x 1077
=17*[1—e 1+ 12xe ] nA
3. U&M 1.10(b)
0.05
4Q = idt= J 4 sin(40 mt) cosi40 mt) * 107° dt
0
0.0
= J 2 * 2 sin(40 1t) cos(40 mt) * 107° dt
0
0.05 0.05
= i 2 +sin(80mt) 107 °dt =2%107° 80mt * (— cos(80mt)) .

=2x10°%x(-1—-(-1))=0C

*Third equality comes from 2sin(ax)cos(ax) = sin(2ax)





4. UGM1.15
2t if 0<t <2

q(t) = 4 if2<t<4

—2t+12 if4<t<8

i(t):dq—(t)= 0 if2a2<t<4

dt 2 if4<t<8

Accordingly,

(@) t=1->i(1)=2A
(b) t=3-> i(3)=0A
(c) t=6- i(6)=-2A

5. Refer to the passive sign convention

2 if 0<t<2

When current flows into the (+) side of the device, p>0 and power is delivered to the device.
When current flows into the (-) side of the device, p<0 and power is supplied from the device.

(a)

(b)

(c)

(d)

(e)

(f)

(8)

(h)

Device 1 : Current flows out from (+) side of the device = current flows into the (-) side of the

device - Device 1 is supplier

P=VI=16x(-4)=-64 - 64W is supplied by Device 1

Device 2 : Current flows into the (+) side of the device - Device 2 is recipient
P=VI=6x4=24 - Device 2 received 24W

Device 3 : Current flows into the (+) side of the device = Device 3 is recipient
P=VI=10x1=10 - Device 3 received 10W

Device 4 : Current flows into the (+) side of the device - Device 4 is recipient
P=VI=8x1=8 -> Device 4 received 8W

Device 5 : Current flows into the (+) side of the device = Device 5 is recipient
P=VIi=4x1=4 - Device5received 4W

Device 6 : Current flows into the (+) side of the device - Device 6 is recipient
P=VI=12x2=24 - Device 6 received 24W

Device 7 : current flows into the (-) side of the device - Device 7 is supplier
P=VI=9x(-3)=-27 > 27W issupplied by Device 7

Device 8 : Current flows into the (+) side of the device - Device 8 is recipient
P=VI=21x3=21 - Device 6 received 21W

Summing up from (a) to (h) > 0





6. U&M2.3
From table 2-1 in page 34, resistivity p of pure Germanuim = 0.47.

And we have R = p%

(a) Top and bottom
A=(2%1073)*(1%1073) = 2%107°
1=02%103=2%10"*

(b) Front and back
A=(02%10"3)*(2%1073) = 4% 1077
l=1%103
B (1%1073)
(c) Rightand left
A=(1%10"3)%(02%1073) = 2%1077
l=2%1073
(2+1073)

R=047 "2 — 47000
T





s USE KcbL ot Node A and B.

A— 3= Ti+To+ | — T,¢T,= 5 — o
@—-7 l+ T, = To —> ~TptTo = | =
. Use VL at loop X .
T U8 = 2x3 + T, xg
| T= 16 A !
° From . b G+ T, = 2

Erom . & —0 bt T, =






3. uU¢gM™M 244,
nede A

22 _I;l/ 62 __Fu
DGl 0 Qe

o At hiode A, Use kcL

2 To= Ti+ Ig_ — O
* A+ loop X, uUse kvi-
oy = 2xIx + 4x I, — &

At loop ¥, Use KVL
-4 XT +6¥rg, —"f—xrrx:—o_ —_ @

From pg © - T = Ta -y

SubstTtute o eq. @ oaud @

@ = 10V= 2Tx + 4x(Tx-Ty) = 6T ox - LTy
@ = —4x (Tx-Ty) + Ty ~4Tx = ~FBTx+ 0Ty =
4x®D + 3x Q)
= 4o = 2UTox— (bTy
¥ L: — 24 Tx+ 20T
o = 4Ty

— @





“The cTreurH Can be bedrapn os 40//0“)5.

R
[—‘Wr""d [l 7
S I i ‘3______08 1

Avd, we know Peq = 452, We con veplace  restctances between c© oumd

o p!

—.:;ao_____,\(v\,_,———-’\(\l\""‘?b .
| N kl






/0. ue (M =229
a R [kr2

=¥

Because |kfz vesTetance T3 Lot conested Tt 75 OpCn ClreuTt
No cuwent flowes +[,,/,Du?ﬁ [ES2 VvecTstohce
2 NMNo eftect on L

We can hemove (k32 ecictance Withont am7 effect.

Wetng e»g,u'lm/vn+ VoHage émn‘e
Ve = Ib Rﬁ

°c A
b

. =
_— AN, = — = Z.Hom
L 2&s52 G mA

We kwow Wo=6&V

usmg kv
2 =(E00%) ¥ b0 )+ RX (26X 2) + &

= |2.6 +8 + Rx(2tX/0 )

n¢ =Rx2tx10? = R= 3x10% = 2LI2.





Q \vl'cfnﬁ'}‘ivc ({,\/w\ &Miuf) ﬂ’ﬁa{o?ch o

2.2 |
® K C5® I











L)l o\\ful-g;{' \»/47,

= he h 4o
S} l( Y\(e_u{ 0 (}‘
Sab\lf&, %Vayxgﬁarmql»mnj {/’(L CV@(%}’
- ke
smlp oM A
K
sk K ( )
2 kS \/L,
+) 2SSV B






[ K

s
7 [RFskn) Rfthe - -

QT (ke o b

CR + 1k

Ve
ne v 0 50 Ao before
(7_5\/)(%/1_) ~ = SV
(K ¥ 10 - V>U<+7/<ﬂ/)

QUKVZ(_ZL? B VACE

g T -
v e S o AP W
db(yc (\’J’ ‘LJF— Ve ”Lr
Q‘r g /W/Q/}_





Fred Terry





		EECS 215 HW1 solution

		Scan001




EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 2

Issued: 1/15/10

Due: 1/22/10,9:30 AM

U&M refers to a problem from Ulaby and Maharbiz.
Problems:

1.
U&M2.52 as stated
Get the “exact” answers (to 4 significant figures) assuming that all three diodes are
identical and that the diode current follows the ideal diode equation with the following

parameters:
I, I, =1, (eVD/Vth _1)
with :
. v, ) l, =10 A
V, =25.85mV

2. U&M 2.57 (Multisim Problem)
Nodal Analysis Problems:
u&m 3.1

u&Mm 3.7

u&m 3.9

U&M 3.16

U&M 3.20

A A






/(A UGM 252 »
Refer + "’7#'/49 233 fpp drpde cHAVALleNT SFT<

pPéL—45 TF he407°u/ 4o helierd.
* F-

v Use KVl Ovound +he loofo.
+ | b fooz U

W= TX bo + Ve + Txjop -+ Ve 1T Txer+ 14
= Lix(75+ zxlp

We have VE = 6.0V,

= 4V = I, x/06 + 3x0.% = 4.4 = T; x/08
= I = ——M
e £.9 6,9 L
/ — Pt =2 , T2 :
= V=7 xor = "m_')(/p-ﬂ_- - X 2o z 41—7





Problem 1.(b)

Using KVL, 9=1I[ x175+ 3%V
Then, we can change the parameters from Professor Terry’s code.

format long;
vth=25_85e-3;

R=175;

VDD=9;

10=1e-14;

verr=@(vd) (VDD-R*10*(exp(vd/vth)-1)-3*vd);
vd0=0.6;

vd= fzero(verr,vdO)
id=10*(exp(vd/vth)-1)
vr=R*id
verror=verr(vd)

Then, the result is

vd =0.74916706915895

id = 0.03858570738585

vl =3.85857073858500

verror = 1.421085471520200e-014

Problem 2. U&M 2.57
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 3

Issued: 1/22/10
Due: 1/29/10, 9:30 AM

Note: Problem sets are DUE at the start of lecture on Friday mornings. Do not skip class to work on
homework further. Your paper may not be accepted.

U&M refers to a problem from Ulaby and Maharbiz.

Problems:
1. U&M 3.25 (10 pts)
2. U&M 3.31 (15 pts)
3. U&M 3.36 (15 pts)
4, U&M 3.48

a. Do problem as statedin the text (10 pts)
b. Whatis the equivalent resistance “seen” by the 8V source? (5 pts)
U&M 3.49 (15 pts)
For the circuit on the following page
a. Use Node Analysis, find the unknown node voltages V1, V2, V3 (20 points).
b. Using Multisim or Pspice, verify your results from (a). Indude print out of your

o v

schematic and the DC analysis results. (10 pts)
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Problem Set 3 # 6 (a) Elegant Solution
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Dep Searee Vamables
N/ | ij\;\«/\j \fj
L - \/3 — U2 ~— g f
= ke s o "
v) \/3 =5 ( V3- VZ/> 15kQ  |v, (750K =" 15i ~
- o /\/\/\/\/ ® 4 V
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= snkcl = (v3-vin) / (25%1073) + (vl -vin) / (15%1073) +vl/ (40 % 10"3) +5« 1a+Vv3/ (35%10"3)
vl v3 vl-vin v3-vin

ouffij= 5 1a+ + + +
40000 35000 15000 25000

)= kvll = vl -v2-750 %1073 % ia

outz= -750000 ia + vl -v2

in@= kvl2 = vl -v3-15x*vb

outa= V1 -v3-15vb

in4:= vb = v3-v2
outl4)= -V2 + V3

insl= kvIl2
ous]= V1 -v3 -15 (-v2 +v3)

ne:= 1a=15%is+2%10"-3+Vv3/ (35%10"3)

1 ) v3
+151is +
500 35000

Out[6]=

7= @S = (V3-vin) / (25 % 1073) + (vl -vin) / (15 % 10°3)

vl-vin v3-vin
Out[7]= +
15000 25000

Ing]:= 1a

1 v3 vli-vin Vv3-vin
outlgl= —— + +15 +
500 35000 15000 25000

o= Solve[{snkcl =0, kvl1l =0, kvl2 == 0}, {v1, v2, v3}]

32 (-45375+ 11494 vin) 16 (-161625+ 42112 vin) 7 (-333375 + 86956 vin)
out[9]= {{Vl - - , V2 > , V3 > }}
10117 10117 10117

32 (45375 + 11494 )
10117 ’ ]

inf10]:= N [—

16 (-161625+42112)
10117 ’ ]
outj11]= -189.009390

In[11]:= N[

7 (-333375+ 86956 ) 9]
10117 ’
outj12)= -170.498468

In[12]:= N[
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(=)
ABM_VOLTAGE
(Probe5
V(dc): -170 V
R4 1(dc): 395 uA 1 va
— 0V
V(dc): 107 V §30k9 T
1(dc): -3.91 mA|
V2 13
o 2 = 6
—AA\NN w 7
15kQ Probe6 < Yorobes
ABM_VOLTAGE
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 4

Issued: 1/29/10
Due: 2/5/10, 9:30 AM

Note: Problem sets are DUE at the start of lecture on Friday mornings. Do not
skip class to work on homework further. Your paper may not be accepted.

U&M refers to a problem from Ulaby and Maharbiz.
Problems:

1. Suppose we have the resistor networks shown below. Find the equivalent resistance between

terminals (a) & (b). (15pts)
a. Arresistor bridge
M
29KO 16KQ
b

b. A resistor cube






ok wnN

U&M 3.53 (15 pts)
U&M 3.54 (15 pts)
U&M 3.58 (15 pts)
U&M 3.68 (15 pts)
For the annoying circuit from problem set 3, number 6, we attach a pair of output terminals a, b
as shown in the following picture:
a. Use Node Analysis, to find V1,=Voc=V,, under open circuit conditions. Using Multisim or
Pspice, verify your results. (5 pts)
b. Use Node Analysis, to find Iy=Ilsc under short circuit conditions. Using Multisim or
Pspice, verify your results. (10 pts)
c. Use Node Analysis and a test current source to find Req. Remember to do the right thing
with sources. Using Multisim or Pspice, verify your results. For both your analytic work

and Multisim work, do you get Req=Vr/In? (10 pts)

25KQ
15Vb
+ \ (
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6. Solutions
a. Partaisthe same as problem set 3 number 6. Please refer to this solution for details
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modifications in red.

These circuits are straightforward
modifications of the simulation file |

used for PS3#6b and provided on the
course website. | have circled the key

R2

25kQ

V3

&/
ABM_VOLTAGE

R4 I(dc): -801nA | | wva

5
/Probe5

—_— 0V
V(dc): -563 mV| §30kQ T
1(dc): 160 uA
V2 13
15kQ Probe6 W I((dcc))'. 162 uA
ABM_VOLTAGE -
{Probel YProbe2
V(dc): 1.00 V 1 V(dc): 37.5 mV
VA I(dc): -14.1 uA R3
—1 Y
_— 1V §40k0 Yprobed Probe
T _1 V5
ABM JABM_CURRENT R5 T
35kQ
1 2 3 4 5 6 7 8
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These circuits are straightforward modifications of the simulation file I used for PS3#6b and provided on the course website. I have circled the key modifications in red.





Problem set 4 number 6 b
DC Operating Point
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Probe3)
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Probe5)
Probeé)
Probe7)
Probe7)
Probes)
Probe8)

-563.08806 m
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37.53920 m

-563.08806 m

1.00000

-144.20587 u
-14.07720 u

-2.00400 m
0.00000

-800.83635 n
160.33522 u

37.53920 m
2.16309 m
0.00000

162.28726 u
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‘ R1 2 @
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 5

Issued: 2/5/10
Due: 2/12/10, 9:30 AM

Note: Problem sets are DUE at the start of lecture on Friday mornings. Do not
skip class to work on homework further. Your paper may not be accepted.

U&M refers to a problem from Ulaby and Maharbiz.

Some of these problems are pretty easy, some more involved. Problem 7, the non-book problem has a
long statement, but is not bad. | do recommend starting early, however, in case you hit points of
confusion and need assistance. Point assignments to each problem will be added by Monday.

Problems:

U&M 3.77
U&M 4.10
u&m4.11
U&M 4.32
U&M 4.42
U&M 4.43
This problem will explore the results of non-ideal characteristics of op-amps. However, do the

N o Uk WN R

problem requires only the use of nodal or mesh analysis (nodal is recommended). It also shows
some of the utility of Thevenin equivalent circuits.

We want to build a gain of 100 amplifier for to measure a weak signal from a sensor with a
maximum output voltage of 1mV output and a series resistance of 100MQ. We are going to use
op-amps with the following characteristics:

V=0 R=2MQ R =75Q A=2x10°

a. First we build a single stage op-amp using the non-inverting topology with R;=990KQ
and R,=10KQ. Thus, the ideal gain is 100. Using nodal analysis, we can reduce the non-
ideal op-amp problem to the network shown below:

1 I
2
—> A%]\ZAZA -
[e] O
WA
V=V, 912l Vo=Vout

> <:> 921V1
L

(@]
=
[EN
AAA
ARAY
N\






Where the parameters g1, 812, 822, £21,82, are given in Prof. Terry’s lecture notes (“11-
Op Amps 1” and on the following pages). A MATLAB function m-file is included on the
course CTools site for computing the g-parameters

Thus the full circuit to model our problem is:

R=100MQ 1 922 I2
>

012l

Find the Thevenin equivalent circuit seen at the terminals a&b. Find the gain of the full
circuit (G =V, /Vs ). Also compute the percentage error vs. the ideal gain (

NGyyror = [(G ~ Gigea )/ Gigear ]*100 .

Repeat (a) but now ignore the effects of the output on the input (i.e. assume g;,=0). Is
there any significant difference in your results using this simplified model?

R=100MQ 1 022 l2
—

L

To improve %G a smart 215 student decides to use a 2 stage design where stage 1

error /

stage 1 is a unity gain buffer (a non-inverting op-amp amplifier with R;=0, R,=open
circuit). Find the Thevenin equivalent circuit for this circuit. Hint: You should be able to
reuse your analysis work from (a) but the number will change.

Now we complete the circuit with a 2" stage using R;=990KQ2 and R,=10KQ. Find the
Thevenin equivalent as seen by the output terminals and the gain of the full circuit (
G=V, /\/S ). Also compute the percentage error vs. the ideal gain (

%Gerror = I:(G - Gideal

work from both (a) and (b).
Compute G and %G, if we now load the output of the circuit with a 1KQ resistor.

) / Gigeal ]*100 .. Hint: You should be able to reuse your analysis





g-Parameters for the Non-Inverting Op-Amp Amplifier

}/ R+ R,(AR +R, +R,)
9

(R+R,+R,)
=R|1+A R, .+ Ra(R*R,)
(R+R,+R)) ) (R+R,+R,)
_ RZRO
O = R[(A+1)R,+R +R, |+R, (R +R,)
A(R +R,)R +R,R,
Oy =

R[(A+1)R,+R +R, |+R,(R +R,)
[R(R+R,)+RR, |R,
R[(A+1)R,+R +R, |+R, (R +R,)

0, =
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 6

Issued: 2/19/10
Due: 2/26/10, 9:30 AM

Note: Problem sets are DUE at the start of lecture on Friday mornings. Do not
skip class to work on homework further. Your paper may not be accepted.

U&M refers to a problem from Ulaby and Maharbiz.

Some of these problems are pretty easy, some more involved but none are too bad. For those of you
finishing early to head home for Spring Break, this should not be a big deal. Remember, use #100
sunscreen or Professors who stay in Michigan will be envious and cranky.

Problems:

U&M5.13,c, e
U&M 5.8¢c, d
U&M 5.13
U&M 5.14
U&M 5.28
U&M 5.39
U&M 5.47
U&M 5.53
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 7

Issued: 2/26/10

Due: 3/12/10, 9:30 AM Note: Problem sets are DUE at the start of lecture on Friday mornings. Do
not skip class to work on homework further. Your paper may not be accepted.

U&M refers to a problem from Ulaby and Maharbiz.

This assignment is not that bad; however, making a good start before Thursday, 2/25/10 is highly
advised.

Problems:

1. Rise time, t,, is usually defined from the 10% to 90% points of a transient response to a step. Assume
we have a source V;,(t)=1Vu(t), a source resistance R;=1KQ), and load capacitance of C,=1nF (circuit
below). Find V,(t) for t>0 and find the rise time.

Rs

AN
+ VYV

2. Now the source is buffered by a BJT common collector amp as shown below. Find V,(t) for t=0 and

find the rise time. Assume our standard linear model for the BJT in forward active mode operation.

R, =R.=1KQ A =100 V,_ =+12V
Vce

o]

ANAA
VVVY






3. For the circuit below:

N o vk

a) Find the differential equation that relates i (t) to ig(t)
b) Now assume L=1 H, R;=R,=R,=10€2, and R3=5 Q. Find i (t) for t=0 if
iy (1) =(1A)u(t) +(-2A)u(t—0.2s)

Plot your result using Matlab or another good scientific plotting program for —0.2s <t <0.8s

U&M 5.50
U&M 5.51
U&M 5.59
U&M 5.63
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 7

Issued: 2/26/10

Due: 3/12/10, 9:30 AM Note: Problem sets are DUE at the start of lecture on Friday mornings. Do
not skip class to work on homework further. Your paper may not be accepted.

U&M refers to a problem from Ulaby and Maharbiz.

This assignment is not that bad; however, making a good start before Thursday, 2/25/10 is highly
advised.

Problems:

1. Rise time, t,, is usually defined from the 10% to 90% points of a transient response to a step. Assume
we have a source V;,(t)=1Vu(t), a source resistance R;=1KQ), and load capacitance of C,=1nF (circuit
below). Find V,(t) for t>0 and find the rise time.
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2. Now the source is buffered by a BJT common collector amp as shown below. Find V,(t) for t=0 and

find the rise time. Assume our standard linear model for the BJT in forward active mode operation.

R, =R. =1KQ A =100 V. =+12V
Vce

o]

ANAA
VVVY






3. For the circuit below:

N o vk

a) Find the differential equation that relates i (t) to ig(t)
b) Now assume L=1 H, R;=R,=R,=10€2, and R3;=5 Q. Find i (t) for t=0 if
iy (t)=(1A)u(t)+(-2A)u(t-0.2s)

Plot your result using Matlab or another good scientific plotting program for —0.2s <t <0.8s
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1of1

%plotting solution of problem set 7 question 3 (b)
clear all;
close all;
t=-0.2:1e-4:0.8;
1L02=2/3*(1-exp(-3)):
B=4/3+iL02;
for jj=1:length(t),
t0=t(gi):
if t(j)<o,
iLg1)=0;
else if t(jJj)<0.2,
iLgi)=/3)*(1-exp(-15*t0));
else
iL(Jj)=-4/3+B*exp(-15*(t0-0.2));
end;
end;
end;
plot(t,iL, "linewidth",2);
set(gca, "fontsize",16);
xlabel("Time (s)", "fontsize",16);
ylabel("i_L (A)", “fontsize®,16);
title("EECS215WN10 Problem Set 7 Number 3 b*","fontsize®,16);
grid;
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 8

Issued: 3/12/10
Due: 3/19/10, 9:30 AM
U&M refers to a problem from Ulaby and Maharbiz.

Problems:

U&M 6.6

U&M 6.14

U&M 6.23 (also determine and plot v(t))
U&M 6.28

U&M 6.38

U&M 6.43

For the circuit shown below:

Nou s wN e

a. Find the general differential equation that relates i\(t) to is(t).

b. If R =1000Q R,=50Q A=996Q L=ImH C=1u4F,we get

d’i, +(6x103s‘1)%+ (9x1063—2)i = (1x1095‘2)i
dt? dt )

g

where s here is the abbreviation for the unit seconds
If i, (t)= (1mA)[u (t)—u(t —O.4ms)] , find both i (t) and V.(t) and plot them (Matlab or

other programs) for —0.5ms <t <3ms
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%problem set 8 number 7
clear all;
close all;
t=-0.5:1e-4:3;
t=t*le-3;
i10=1/79*(1-2.2*exp(-1.2));
vI10=0.4*exp(-1.2);
d1=il0;
d2=v10/1e-3+3e3*d1;
alpha=3e3;
for jj=1:length(t),
if t(j)<o,
i11(gj)=0;
vi(j)=0;
else if t(Jj)<0.4e-3,

113J)=1/9*(1-(1+3e3*tUJ))*exp(-alpha*t(3j)));
vigji)=1e3*t(j)*exp(-alpha*t(dj));

else

i1 j)=d1+d2*(t(Jj)-0.4e-3))*exp(-alpha*(t(jj)-0.4e-3));

vi(j)=1le-3*(d2-alpha*d1+d2*(t(Jj)-0.4e-3))*exp(-alpha*(t(jj)-0.4e-3));

end;

end;
end;
ve=vIi+il*5;
plot(t,il, "linewidth"®,2);
title("PS 8 Number 7 b");
xlabel("time (s)");
ylabel ("Current (A)");
grid;
figure;

plot(t,vl,t,vc, " linewidth®,2);

grid;

title("PS 8 Number 7 b V_L plot not required™);

legend("V_L","V_C");
xlabel ("time (s)");
ylabel("Volts™);










EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 9

Issued: 3/27/10

Due: 4/2/10,9:30 AM

U&M refers to a problem from Ulaby and Maharbiz.
Problems:

U&M 7.18
U&M 7.20
U&M 7.29
U&M 7.33
U&M 7.39
U&M 7.40
U&M 7.42
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 10

Issued: 4/2/10

Due: 4/9/10, 9:30 AM

U&M refers to a problem from Ulaby and Maharbiz.
Problems:

1. AC Steady State Analysis Problem. For the circuit shown below, if Vg (t) :1OCOS(a)t)V , find the

simplest Norton equivalent for this circuit.

5KQ
a
omH /mH
Vg(t) + eses
! 10mH
3mH 4mH

U&M 8.4

U&M 8.16

U&M 8.27

U&M 9.14 a, e only. For both parts, list the pole and zero frequencies. You can use Matlab or other
tools to actually do the plots; however, on the amplitude part of the plot, show the hand-
constructed estimate (straight line asymptotic plots).

6. U&M9.18

7. Comprehensive Problem

vk wN

For the circuit shown below:
a. If R =1000Q A=996Q C=14F i (t)=1mAcos((2000s™)t)u(t), find the load

impedance Z, such that the AC steady state power dissipated by the load is maximized. The
load should be either a resistor and series inductor or a resistor and series capacitor. Specify
which one you need and what the values of the resistor and reactive element (F’s or H’s).





b. Find the function describing i (t) including the transient region start-up and plot i (t) from
t=0 until AC steady state behavior is approximately established.

c. Keeping the component values you found in (a), now assume ig (t) = ‘ig‘cos(a)t) and find

i

the transfer function H (a)) =L, the poles and zeroes of this transfer function, and do a
g

Bode plot (using Matlab or other tools) over an appropriate frequency range.

d. Use Multisim to verify your results from (c).

R, liL(t)
+ C

1,() D \ V. T~ Z

Al {
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U&M 9.14 (a)
>> g=tf({[240000 2400000],[16 2432 84800 160000])

>> bode(g)

Bode Diagram

40

Magnitude (dB)

»
<

o
-

Phase (deg)
¢

Frequency (radfsec)





U&M 9.14 (e)
>> g=tf([10000 100000 0],[1 20 2500])  >> bode(g)

Transfer function :

Magnitude (dB)
\
b

Phase (deg)

(10000 s2 + 100000 s) / (s"2 + 20 s + 2500)

Bode Diagram

oy v\ A @
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%problem set 10 number 7

clear all;

close all;

format long;

ri=1e3;

a=996;

c=1le-6;

ig=le-3;

w=2000;

% Part a

zeg=(rl-a)/(A+(*w*ri*c))

zl=conj(zeq)

reqg=real (zl);

L=imag(zl)/w

voc=rl/(1+(g*w*rl*c))*ig

abs(voc)

angle(voc)*180/pi

pl=abs(voc)”™2/8/req

r2=req;

% Part b

alpha=0.5*(1/(r1*c)+r2/L)
w02=(rl1l+r2-a)/rl1/L/c

wO=sqrt(w02)

wd=sqrt(w02-alpha”2)

S=j*w;
h=r1/(r1*L*c*s""2+(L+rl1*r2*c)*s+rl+r2-a);
t=0:1e-3:10;

t=t/alpha;

%magnitude of ilf

ig*abs(h)

%phase in degrees of ilf
angle(h)*180/pi

il f=ig*abs(h)*cos(w*t+angle(h));
bl1=-i1F(1)
b2=1/wd*(alpha*bl+w*ig*abs(h)*sin(angle(h)))
iIn=(bl1*cos(w*t)+b2*sin(w*t)) . *exp(-alpha*t);
il=iln+ilf;

h=plot(t*1000, il,t*1000,iln,t*1000,i1lf,"--");
set(h, "linewidth",2);

legend("i_L(CE)", "1 _{Ln}(t)", "1 _{LF}(L)");
xlabel ("time(ms)");

ylabel("current (A)");

title("Problem 7 b");

grid;
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EECS 215: Introduction to Electronic Circuits WN 2010
Problem Set 11

Issued: 4/10/10
Due: 4/19/10, 9:30 AM
U&M refers to a problem from Ulaby and Maharbiz.

Note: This problem set has 6 required problems of varying difficulty. There are also 2 extra credit
problems that require a very high level of competency and computing/analysis skills as well as some
material presented by not required for the class. You are advised not to attempt them unless you have
time, would enjoy the challenge, and are done with the required part. Any extra credit will be applied to
you total problem set point total. However, the maximum average score will be pinned at 100%.

Problems:
1. U&M9.20
2. U&M9.24
3. U&M9.3

a. What kind of filter is this? Briefly justify your answer.
b. Do the problem as stated (symbolic variables)
Now assume the following values for the components

R=500Q C =1/3 uF L =1uH L, =3uH
c. Whatis the numerical value of wy? Using Matlab, plot the Bode plot over an appropriate
frequency range. Verify that you numerical results are consistent with your calculation
of w,. To 3 significant figures, find the value of ® where |H(w)| is a maximum (call this
™). How does ®,, compare with m,?
4. U&M 9.6
a. What kind of filter is this? Briefly justify your answer.
b. Do the Problem as stated
5. U&M9.31
6. U&M9.33





Extra Credit Problem 1 (20 points of extra credit)

For the circuit resulting from U&M 9.6
a) Find the transfer function H=V,/V; for your scaled circuit. (note: this may be a little messy, but
keep your answer as “clean” as you can).
b) Find the poles and zeroes of the transfer function.
c) Do aBode plot over an appropriate frequency range for your resulting H. Does your Bode plot
make sense given the poles and zeroes you found in (b)?

Extra Credit Problem 2: (15 points of extra credit).
For the circuit in problem 3b,c, (U&M 9.3 circuit with component values as given in3b) numerically find
and plot V,(t) if Vin(t) is a 1V 0 to peak 50% duty cycle square wave with:

a) Ata period T=10us

b) At a period T=4.5us

c) Ata period T=3.7us

d) Ata period T=2 pus

e) Ata period T=50 ms

Square Wave with T=2us

15

0.5

vout
=)

-0.5

-15

time N
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