Folder Number Name
ECE 2210/00 homework #1 Due: Mon, 8/26/19

There are a number of lockers on the 2nd floor of the MEB, in the center hallway. These lockers have slots cut in their
doors so that homework and lab notebooks can be dropped through the slots. Turn in your homework in the locker marked
"ECE 2210/00 Homework". (Sometimes lockers are separated as "ECE 2200 Homework" and "ECE 2210 Homework",
look carefully the first time.) Homework is due by 5:00 p.m. on the due date

a5

The following problems are not meant to be hard. You should be able to do most of them in your head with no special
formulas or calculations. In fact you should find them rather dumb and trivial. That's the point, | want to drill these concepts
into your head so that you'll find them easy.

1. The figure at right shows a hydraulic system with a pump that converts
rotational energy to fluid energy and two turbines which convert that l4
energy back to rotational energy. Do NOT assume that the turbines are —= —=
equal in size. This is a closed system containing an incompressible fluid J; Iy Jy 4
with no places for that fluid to collect; i.e. flow in = flow out of any point or
object. Kirchhoff's current law applies. The volumetric fluid flows are P
indicated by the arrows. m3 m3

1= 0.01-? l 5= 0.007-?

i
T

I3 = g = lg = lg =

2. The figure at right shows an electrical circuit with a battery that converts = I=
chemical energy to electrical energy and two resistors which convert that Iy
electrical energy to heat energy. Do NOT assume that the resistors are
equal in size. All electrical circuits are closed systems containing L ;
incompressible charges with no places for those charges to collect; i.e.
flow in = flow out of any point or object. Kirchhoff's current law applies. . |
The electrical currents are indicated by the arrows. = =}

|1 =0.0LA I, =0.007-A

lg = lg = lg = lg=

3. The figure at right shows a similar electrical circuit only now the electrical
currents are indicated by the arrows next to the wires. This is a more J7 Iy J] Iy
common way to show the current flow because a little arrow in the wire is
too easily confused with the electrical symbol for a diode. You'll learn p— § §
about diodes later.

— — | |
I 5:=20-mA l5:=14mA 5 5

= 1= lg=___ 4=

4. h 1 I Ly 3 3

m m
—=| —i= —i= | :=0.004-— | £:=0.001-—
] J} |3 J] |5 3 S 5 S

N
I

N
|

H
|

[op)
1

lg _— 7 lg _ _

| e -— l7=_ lg =
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ECE 2210/00 homework #1, p.2
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| g =0.03A

lq =

g =

|8—
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| g =0.06-A
s o =006
IE‘J? I3 =
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|, =0.08A

5 =

lg =

l'g

I3

l10=

o m
| g =0.03"



ECE 2210/00 homework #1, p.3

10. mr—— | 4 =20-mA | 5 =10-mA | g =22:mA
|
5 'z I
YT AYAY

TH L4 R 12

- lg = I7

11. Careful here, there are now two pumps. Also, given the flow arrows shown, one or more of the flows must come
out negative.

3 3 3
lg =003 | ,:=0015™
S S
|3 =
|5 =
13. ——— | =0.0LA Ig =-20mA | g =35mA
|
1. 'z I
A =

LI .

14. What does a negative electrical current physically mean?

15. ] 3 3 3
. —t= | 2
{ P | 4 =005 5 =003 1 ;=0045 ™
S S S
Ef] I3 1 I'g
—= —=
. 3
|
I IE J,u |9::0.06-ﬂ Iy =
S
IGJ;
|2 = |3 =
I I'g 7 ;/l:/
—_— = P — |
| e U
A e — ] |6 = |8 =
l10= 1=
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ECE 2210/00 homework #1, p.4
16.

| ¥ |
2 S
< oy Y

S lg =

l10=

17. The figure at right shows the pressure differentials across elements in a
hydraulic system. The side indicated by the + sign is the higher
pressure side. Conversely, - indicates the lower pressure. APg is the
pressure difference supplied by the pump (S for Source). AP, is the
pressure difference driving the left turbine and AP, is the pressure
difference driving the right turbine. Assume no pressure losses or
discontinuities in the pipes, joints, or corners; i.e. all connected pipes are
at exactly the same pressure. Finally, the fluid has no mass, so gravity
and Bernoulli can go take a hike.

Apszzlz-ﬁ = 12-Pa AP, =
2
m

—& I 1 =100-mA | 5 =50-mA

AP4:

Yes, | know that these are ridiculously low pressures for a hydraulic system.

18. The figure at right shows the voltage differentials across elements in an
electrical circuit. The side indicated by the + sign is the higher voltage
side. Conversely, - indicates the lower voltage. Vg is the voltage
supplied by the battery. Vs is the voltage across the left resistor and V,
is the voltage across the right resistor. You may assume no voltage
drops across any of the wires or connections in practically all electrical
schematics; i.e. all connected wires are at exactly the same voltage
(electrical potential).

Vg=12V (V = volts) Vo =

| 3 =30mA

AR

Vg

(—H AP g = 400-kPa AP | =180-kPa

5 AR LR
- AR _ - APg =

-
‘——_\_\_\_\_\_
20. A
"

- V=10V V=3V

VS:

BN

ECE 2210/00 homework #1, p.4

AP7 =

AP 5 = 100-kPa

V=2V




ECE 2210/00 homework #1, p.5

21 - ]
I [ iR
. - z ! 1, AP, =50kPa
AFs 4F5n AR, AR
il P, _
:( T aPy=_

closed closed

22 i + vz — V Sl = 6V
+ +
+ Vg =24V
“'_VS‘I = ng A 6
W
-7+ _
V=
23 - SlllE ™, AP - 120-kPa
~ L\_\_\_\_\_\_\_\_ - 3 T
AR
APS =
APS =
A
‘—-.______\
24. What does a negative pressure difference physically mean?
25. A Vg3i=23V
+ \-"5 - . + V5 - V s =
+ W
—__—_\-"S fﬁ
%, Vg =

AP, - 140kPa
AP, =50-kPa

APS:L =

APS =

27. Vg “14V Vg =3V

AP, =80-kPa

V=05V

AP6 '=60-kPa
AP7 =
V5= 2V
V4 =32V
V4 =
AP6 '=110-kPa
APZ =
\% 6 =3.2:V
V2 =
AP3 :=230-kPa
AP6 '=210-kPa
APSZ =

Vo, =6V Vg=4V

+ vz -
P VA o B B
? + i Y] + V 4 - V 5 -
+ F——
_L* W) -
T ¥ * Think about the current through the 2nd
LY Vg = battery. What is happening to that battery?




ECE 2210/00 homework #1, p.6

28.

C

29.

Ans

wers

1.

11.
13.

15.
16.
17.
19.
21.
23.
25.
27.

29.

EC

. = Y AP = 200-kPa AP :=1100-kPa
+ AP 5 = 600-kPa AP g = 1800-kPa
:Iﬂpg ea ) ':_
] P
APS = AP4 =
APS = APG =
: = =/
| LR
A V51:18-V V31:6-V V41:8-V V51:2-V
N
s A A
. + Vl = V2 =
T % Y
K
+ V6 = Vg =
_“gﬁ\«,,
= Vo=
m° m°
I3 = I4 = I51:0.003-?, I61:O.01-? 2. I3 = I4 = I51:0.003-A , I61:O.01-A
3 3
- B - B - m B B B - m
|6 = Il‘—34-mA, I3 = I4‘—14-mA 4. I4— I6‘—O.001-—S, Il‘ I2— I7— |8"0'005'?
|4: |6:12mA , |1: |2: |7: |8:57mA 6. |1: |2: |8:80mA , |3:50mA , |4: |5:30mA
3 3
_ _ P _ _ _ ‘7 m 8 14= 149= 1 4= Ig:=0A,
1= 110= 14= 1570, 15= I3 = 17= Ig:=0.04— 17 7107 '47 '5
s S |2: |3 = |7: |8::O.06-A
3 3 3
;= 150080, 1, =0016", 1, =0064™  10. 1,= 1,=42mA , |, =12mA , |, =30mA
1 7 s 2 s 3 s 1 7 2 3
3 3 3 3 o )
I ::0_015_1 g ::0_010_1 , |4::0_045_ﬂ s ::70_035_1 12. Actual flow is in dlrectlon opposite
S S S S to the arrow direction.
I2 =-15-mA, I3 =25:'mA , I41:45-mA , I7 =10-mA 14. "
3 3 3 3 3 3 3
- m - m - m - m - m .m - m
Il‘—0.155-? , |2‘—O.015-? , I3‘—O.080-? , I6‘—O.045-? , I8‘—O.095-? , '10‘*0'? , '11‘*0-060'*5
I4::14-mA, I5::16-mA, I7::66-mA, I8::80-mA, I9::20-mA, I101:0-mA, I11::20-mA
AP, = AP, :=12-Pa 18. V = V4 =12V
AP51:100-kPa , AP71:120-kPa 20. V51:15-V , V31:3-V
AP, =0-kPa , AP = 40-kPa 22. V g =76V , V 4 =0V

APSIZZOO-kPa , AP 5 = 90-kPa APg '=-30-kPa
Vg=6V , K V,=28V, 6V, =37V
\% 4 =10V, V 5 =2V ,V 6 '=-5-V battery is charging

24,
26.
28.

AP g '=280-kPa, AP g, =350-kPa, AP g :=-90-kPa

APS::ZOOO-kPa, AP 4 :=1200-kPa, AP '=500-kPa,
AP6 = 700-kPa , APlO:ZO-kPa

V=4V ,V, =8V, Vg=6V,6Vg=14V,V 5 =0V

E 2210/00 homework #1, p.6

The actual + & - should be reversed from those on drawing



Folder Number Name a5

ECE 2210/00 homework # 2 Due: Thurs, 8/29/19
Don't forget: Write your  folder number in the upper-left corner of ALL your homework.

Graded homework, labs and exams will be returned to a file cabinet in MEB 2101, filed by your alphabetically-assigned
folder number.

You may do the following problems here or on your own paper. But, since you have the answers,
you MUST show your work to get credit

—[}J
1. Ohm's law
Consider the figure at right + +
For each of the cases below, __1 _ Vv Vv R
find the missing value. T _ S R
a) 1:=0.0LA VR =4V R="7
b) 1:=50-mA R :=560-Q VR=?
c) Vii=12V R =1.5-kQ | =2

2. Power and Ohm's law. Same circuit as above. For each of the cases below, find the missing values.

a) |'=5mA R =2-kQ VR= Pr=
b) VR=25V R =100-Q I = Pr=
c) VR=20V | ' =0.01-A R = Pr=

Ignore the fact that the following items run on AC

d) Pgr:=900-W V g =120V | = R =
Toaster

e) PR =1500-W R:=9.6-Q | = \Y s=
Hair drier

f) PR =2500-W | ' =10.5A R = \Y s=

Electric oven

3. Find the equivalent a)
resistance of each of Ry = 1.0-kQ
these networks, i.e. /\/\\/ /\/‘\/

what would an
ohmmeter read if
hooked to the terminals.

R1:=1.8kQ R3:=2.5kQ

ECE 2210/00 homework #2 p.1



Answers
1.

2.

R, =22:kQ

b) o
R11.5-kQ§ § § §R43'k9
o
R3=900-Q
<)
R, =120.Q
R, =800 R3 =800
d)
R =110kQ
R4 =180-kQ
R, =68kQ
R 3 =82k
e) o—
R, =560
R, =150-Q
Rg =220
O_

a) R -400-Q

a) Vg -10V Py -50mw
d 1=75A R=16Q
a) Rgq=10.9kQ

d) Ry =81kQ

Don't forget: Write your

b)
b)
e)
b)

e)

folder number_ in the upper-left corner of your homework.

VR=28V c) 1:=8mA

' =025A PR =625W c) R:i=20kQ Pg:=200-mW
'=125A V g:=120-V fy Ri=227Q V g:=238V
Req1:390-Q c) Req1:160-Q

Req =5130 ECE 2210/ 00 homework #2 p.2



ECE 2210/00 homework # 3 Due: Wed, 9/4/19 You should finish p.1 by Mon.

Graded homework, labs and exams will be returned to a file cabinet in MEB 2101, filed by your alphabetically-assigned
folder number.

Answer the following problems on your own paper.

Since you have the answers, you must show the equations and work you used to arrive at the answer to get credit.

Don't forget: Write your folder number _ in the upper-left corner of your homework.

Equivalent resistance
1. Find the equivalent resistance of each of these networks, i.e. what would an ohmmeter read if hooked to the
terminals. Work out and keep all your intermediate results -- they will help you in the problems to come.

R =56k R 3= 97:kQ
R, =100-Q R4 =560

R 5 1=110kQ R 4= 82kQ
Rg=75Q

o
Note: the hard part of these problems is actually seeing which resistors are in parallel and
which are in series. You may want to redraw the circuits a few times to help you figure it out.

Voltage dividers

. . R, =15kQ
2. a) Use the voltage divider concept to find the voltage across each of the 1 >
resistors in the circuitatright. V. g1=? VRgy=? Vp3=?
. . V q=6V
b) Confirm that the three resistor voltages add up to the source s =6 R. -10kQ
voltage, ie, confirm Kirchoff's voltage law. 2~
¢) Without recalculating anything, what would happen to all the resistor
i ? i ?
voltages if the source voltage were doubled? Tripled~ Ry 22kQ

3. The circuit at right is known as a wheatstone bridge, or simply a bridge. Itis a very
common measurement circuit, used with strain gauges, thermisters, and other devices
whose resistance changes in response to something that you'd like to measure. Let's
assume the resistors in this circuit are 100Q strain gauges. The resistance of these
gauges changes slightly when you stretch or compress them. They are glued to a
material (often steel) and are used to measure deformations of the material (called strain).
a) Due to deformation, R, and R, decrease by 1% and R, and Rj increase by 1%. Find V4.

b) Due to a temperature change, the resistances of all the gages increase by 5%. Find the % change in V.

¢) Why do you think the bridge circuit is used in this case?

4. Use voltage divider concepts to find the voltages indicated in the following circuits. You may want to use
some of your results from problem 1. You may need to use the voltage divider equation more than once.

a) b) Rg=120Q R, =27-Q R3:=20Q
R, =56-kQ R 3 =97-kQ
— R, 1000 R4=56Q
T Vg=36V C)
R, =110kQ R4 8240 TV g =10V
Rg =75Q
VA"
R- =51.Q
VRs=? VRg=? VR1=? 7

ECE 2210/00 homework #3 p.1 VrRe=?  VRe=?  VRi=?



ECE 2210/00 homework #3 p.2

Current Dividers

5. The circuit at right shows a current source hooked to a resistor
network. Remember that the grounds are all connected R =11kQ
together. You can draw lines between them if it helps you.

a) Use the current divider concept to find the current CDI s = 35mA
through each of the resistors in the circuit at right.

R4 = 15kQ

AVAY

~ ~ ~ ~ R, =0.68kQ
IRy =7 lRo =7 IRz =7 lRg =7 2

b) Confirm that |R2 + IRB = IRl and that IRl + |R4 = ISa j— — — —
ie, confirm Kirchoff's current law twice. R 3" 0.82-kQ

¢) Without recalculating anything, what would happen to all the
currents if the source current were doubled? Tripled?

6. Refer back to the circuit of problem 4b.
a) Find the equivalent resistance as seen by the source (Rg + your answer for problem 1b) and use that to find the
source current (I or Igg).

b) Find these currents by current divider methods. IRy =7 IR =7 lRa =7

¢) Using Ohm's law and the currents you found in this problem, confirm the voltages found in problem 4b.
Power
7. Refer to the circuit of problem 2.

a) How much power is dissipated by each resistor? Pr1 =7 Pro =7 Pr3 =7

b) Independently determine the power that the source is contributing to the circuit. Pg= Vglg =7

c) Show that power is conserved (X answers to a = answer to b).

8. Refer to the circuit of problem 5.
a) How much power is dissipated by each resistor? Pri =7 Pro =7 Pr3 =7 Pra =7
b) Independently determine the power that the source is contributing to the circuit. Pg= Vglg =7

¢) Show that power is conserved.

9. The circuit at right has five unknown components labeled A through E. — B m lo.z A
a) Which of the components are absorbing power from the circuit? Vg2V - +
b) Which of the components are contributing power to the circuit? iy Dl v DBV
¢) Show that power is conserved. Vg-av %7 L
Answers — F +
1. a) Rgq =825kQ b) Req~417-Q lc=03A
2. a)l91lv, 128V, 281V b) 191V + 128V + 281V =6V c) double, triple
3. a) 100-mV b) 0% change ¢) Reading won't be affected by temperature.
4. a) 554V, 1735V, 1311V b) 223V, 7.77-V, 293V
5. a) 17.67'mA, 9.66mA , 8.01-mA, 17.33-mA b) both check c) double, triple
6. a) 537-Q, 0.186:A b) 77.65mA, 1086mA, 286mA  c)all agree
7. a)244mW, 163mwW, 359mwW b) 7.66-mW ) Pg= PRritPRrot+PR3
8. a) 0343W, 0.0634W, 00526:W, 0451-W b) 0910W c¢) PR+ PRrptPRr3tPrsa = Pg
9. a) C,D,E b) A B c) 6W = 6:W

Don't forget: Write your  folder number_in
ECE 2210/00 homework #3 p.2 the upper-left corner of your homework.




ECE 2210/00 homework # 4 Due: Fri, 9/6/19

Answer the following problems on your own paper. Show your equations and work to get credit on this
and all future homeworks.

Don't forget: Write your folder number _ in the upper-left corner of your homework.

Superposition R;=1kQ Y R,=500.Q
1. Use superposition to find I3. Circle your VAV s AVAV
intermediate solutions on your paper. Vg =8V
Your intermediate solutions show how + R. -1.kO +
much of I3is due to Vg, and how much — 5 3 — ./
is due to V. Vg =10V
2. Use superposition to solve following problems: Each problem asks for both a current and a voltage.
Clearly indicate your intermediate answers, the grader will look for those.
a) o _ The letter "a" is the name of the "node" at the black _
R 1~ 40Q v a~ ? dnt V_ is a node voltage, referenced to ground. v a~ v R3
VAV —=
=7 = .
IR1= " R, =120:Q R4 -120Q
O <
Vv s1 =5V B
Vg =6V
These are ground symbols. They are all connected together,
although that connection is not explicitly shown.
b)
I Ro= .
R2™ R, =220 | g:=0.5-A
i
R,:=11Q Vv T\'
R1™ j
Vg=12V
c) Watch your signs. R =3kQ R3:=1kQ a
% \% a~ ?
IR1=7 R, =2:kQ
R :=3kQ CD
0 TV g=45V
| S 3-mA —
Answers
1. 2mA+ 5mA =7'mA
2.a) 42V , 20mA b) 7.67V, 197-mA Don't forget: Write your  folder number_in
c) 05V , —05mA the upper-left corner of your homework.
ECE 2210/00 homework # 4 HW 5 on Back ----------- >



ECE 2210/00 homework #5 Due: Tue, 9/10/19 a

Thevenin & Norton equivalent circuits
1. For each of the circuits below, find and draw the Thevenin equivalent circuit.
a) R :=36kQ R 5 =12:kQ
VAWV M N

b) The load resistoris R, and is in a

Vgi=9V o
strange place in this circuit.
R 3:=30-kQ R =20kQ Hint: use superposition to find V-,
R =330Q
L L AVAV
I g:=12mA Y R, =50-Q _
C} R,:=10Q §R310-Q
Vgi=6V
2. For the circuit of problem 1a, find the voltage across

R_ (VL) and the current through R (1) using your 2nd hint: Nodal analysis is even easier.
Thevenin equivalent circuit.

3. For each of the circuits in problem 1, find and draw the
Norton equivalent circuit. R 5 =150-Q

4. For the circuit of problem 1b, find V|_and I, using your
Norton equivalent circuit.

5. For the circuit shown at right, use Thevenin's
theorem to find the current through the 50 Q

resistor R,.
I
.qi
N
R4 =50Q
6. For the circuit shown, use Norton's theorem to find the value R, :720Q
of the current in Rs. Hint: You can find Iy either by
calculation of the open circuit voltage (Voc) and Ry or by R. -100
direct calculation of the short-circuit current (Isc), however,
there is something about the values of the resistors which R, -2
. . . 4 720Q
makes the second method easier than it would at first GD
I
appear.
1A
§ R3:720Q %, Rg:=10Q
Source resistance
7. The terminal voltage of a car's battery drops from 12.5V to

8.5 volts when starting. The starter motor draws 60 A of current.

a) Draw the voltage-source model (Thevenin equivalent) of this battery. Include the values of V¢ and R..
b) Draw the current-source model (Norton equivalent) of this battery. Include the values of Ic and Rc.

¢) Which of these two models is more appropriate for the car battery?

d) What terminal voltage would you expect if this battery were being charged at 20 A?

Answers

1. a) 4091V |, 28.4kQ b) 1.1V , 183Q 2. 1.69-V, 84.6-uA

3. a) 0.144mA , 28.4kQ b) 60-mA |, 18.3-Q 4. 3.16:mA, 1.042.V 5. 1.88:mA
6. 0.19-A 7.a) Vg= 125V Rg=0.0667-Q b) Ig = 1875A R 5= 0.0667-Q

ECE 2210/ 00 homework #5 ¢) Thevenin d) 1383V



ECE 2210/00 homework # 6
Nodal Analysis

Due:

Fri, 9/13/19 a

1. a) If you select the bottom node as ground, how many unknown node

voltages remain? (Assume V¢ is a known quantity.) How many R

simultaneous equations would you need to solve to analize this circuit?

b) Use nodal analysis to find all the necessary simultaneous equations.

2. a) Use nodal analysis to find all the node voltages.

b) Your node voltages will depend on your selection of a
reference node (ground) as well as your arbitrary node
labels, so the grader won't look at these specifically.
Use your node voltages to find the potential (voltage)
across each resistor. Report the magnitude and

polarity of each.

3. Use Nodal analysis to find V. and use V to find I5.

4. Use Nodal analysis to solve following problems: Each
problem asks for at least 1 voltage and a current. Use

the voltage(s) to find the current.

17400 V=2
% _[}_
| rg=? R, :=120-Q
+
Rs 120-Q§
Vg =5V 47
S1 Vg =6V

Don't forget your folder number .

Answers Vv
1 1 1
1. a) 3,3 b) Vgl -+ Al Tb_
R1 Ry R3/ Rj
V. V
a Vb 1 1 1
Ry Ry Ry R, Rg

_vs Y

Rq1=4Q

» AVAY
Jlelz? R4 - 2:kQ
R, =3-kQ ~
2 § TV g =45V
R =3kQ 'sm3mA -

hint: you may be able to eliminate one unknown node for the

initial calculation.

a

Ro

Vpl—+—+—|+

Ve

Ry

1 1 1 _ oA

R, Rg Ry

2. a) Answer will depend on your choice of ground, so check your answers to part b to see if you did part a right.

b) 3.077-V , + bottom , 2.308-V , + left,
3.7V , 7-mA 4.a) 42V , 20mA

1.923-V
b) Vg=-15V V=05V

, +top,

0.385:V , + bottom ,

2.692:V , + right
| R1 =-0.5-mA

You may not get this homework back before the 15t exam. Photocopy it if you want to be sure to have it.

ECE 2210/00 homework # 6



ECE 2210/00 homework # 7 Due: Tue, 9/17/19 a
1st exam on Thur. 9/19 will include this material
Answer the following problems on your own paper.

1. For each of the following sinusoidal waves, find: a)
1) peak-to-peak voltage or current, Vo or |, Ui gtilés
2) amplitude, A, Vp, or |p '

3) period, T —
4) frequency f in cycles/sec or Hz 1 time
5) an expression for v(t) or i(t) in terms of Acos(wt + ¢) o Y T

the frequency w is in radians/sec RN w 15\\
the phase angle ¢ is in rad/sec or degrees T

T 0.1

D) A vats -
T 18

JIAVARVERV \A/\

2. For each of the following waveforms, find: 2a)
1) Peak-to-peak voltage or current, Vpp or Ipp Walts
2) Average, (Vpe: Ipcr Vave OF lye) I
3) Period, T
4) Frequency f in cycles/sec or Hz

b
: J*'.\.fdta
T12 =6

(I'I'IE:I I
t f f T f f f T f f
2 4 B B +i1oo
T + time
{ms}
T |:‘jl 2 El)'q. T T |D 8 T
— =100 S

3. For problem 2a above, write a full expression for v(t) in terms of v(t) = Acos(wt + ¢) + V¢

Answers
1. a) 02V 01V 12ms 833-Hz 0.1-V-cos(523.6:t) 2. a) 12.v 3V 6-ms 167-Hz
b) 24V 12V 0.018ms 55.6:kHz b) 12.vV 6-V 4-ms 250-Hz

v(t) :=12-V-cos(349100-t — 90-deg)

c) 16mA 8mA 03:ms 3333-Hz
8-mA-c0s(20940-t + 150-deg) 3. V(t) :=6-V-cos(1047-t— 90-deg) + 3V

ECE 2210/00 homework # 7

c) 2500mA 25mA  0.6-ms 1.667-kHz



ECE 2210/00 homework # 8 Due: Fri, 9/20/19 a2
1st exam on Thur. 9/19 may include p.1 of this homework (Listen for details in class)
1) Find Cg in each case

a) by ——
' Cq=02.pF C, =04pF

Cq:=0.02pF

C,:=0.06HF

2. Each of the following circuits have been connected as shown for a long time.
Find the voltage across each capacitor and the energy stored in each.

R1:=220Q
a) Y
C :=5-pF
Vg=55V — § S
R, =330:Q
VAV
C = 0.47-uF
R21.5-kQ§ CU B
| g=25mA

ECE 2210/00 homework #8



Folder ECE 2210/00 homework #8

Name: You may want to hand in this page with answers to problems 3 & 4.
3. The current waveform shown below flows through a 4. The voltage across a 2 uF capacitor is shown below.
0.025 pF capacitor. Make an accurate drawing of the Make an accurate drawing of the capacitor current.
voltage across it. Label your graph. Assume the initial Label your graph.
voltage across the capacitorisOV.
Volts curve starts at 6ms
15 /
I[rmAd
T tirns
T —t—t Y EH—:IS:I
T tirme 1 2 8 B
(ms}
: : : : : : : L5
0.2 0.4 0.2
— _0_1 -
Valts i
T + time=
. (ms=)
T time —
, , , , , , , (s 2 B G
T I:}ILQ T 0:4 T T T I}Ill8 T T =+

5. The voltage across a 0.68 puF capacitoris v, = 6-V-cos<200-t+ ;) find i

6. The current through a 0.0047 pF capacitor is i o= 18-pA-cos<628-t Z) find v

7. A capacitor voltage and current are shown at right. What value is the capacitor? TH

_/ms 2m=

Answers
1. a) 0.6-pF b) 0.015-pF c) 4.5-uF TG
2.a) 3.3v 0.027mJ b) 37.5V 0.33mJ c) 11.v 0.0411'mJ 5V 275ud lfzmﬂ}
3. 18V 06V 24V 4, -6:mA 122mA ramp to - 8mA
5. i, = 0.816-mA-cos(200-t + 1) 6. V.= 6.1-V-cos<628-t3'7T 7. 0.25-uF : :
4 Tms 2m=

ECE 2210/00 homework #8 T



Folder

Name:

ECE 2210/00 hw #9

You will need another paper for your calculations, but you may want to hand this sheet in with your drawings.

1. Find Leq in each case

a)

§L'12-mH

§L2 =3-mH

2. Find the stored energy in each capacitor and/or
inductor under steady-state conditions. Note:
Treat caps as opens and inductors as shorts to
find DC voltages and currents.

a)

AVAvAY

R =200-Q

10-v

L :=40-mH

Cq:=10pF

3. The current waveform shown below flows through
a 2mH inductor. Make an accurate drawing of
the voltage across it. Label your graph.

L

The curve is 2"d order
/ and starts at 6ms

8__
(mA) 61
4__
2__
] ] ] ) ] ] ] ] ]
1T 2 3 Ja 5 B 7 8 9 n
—o1 time (ms)
4t
ot
gl
Vi T
4 time (ms)
! F ! ! i F ! ! i !
0 1 2 3 4 5 % 7 8 9 10

ECE 2210/ 00

homework #9

Due: Thur, 9/26/19

b)
Lq:=0.222mH
L5 :=0.4-mH
b) - @II
L4:=0.5mH Rq:=30Q
AR AN
V=18V Lo -4 mH
o — R3:=30Q
R, =60-Q
4. The voltage across a 0.5 mH inductor is shown
below. Make an accurate drawing of the inductor
current. Label your graph. Assume the initial
current is 0 mA.
\%
L,
(volts)
2 -4
1 ——
0 (I).l 42 c|).3 c|).4 6.5 (|).6 c'). (|).8 c').g 1 1'.1
1T time (ms)
ol
i T
4 time (ms)
T Ttz %5 %t g5 &7t e T wa




ECE 2210/00 homework #9

5. The voltage across a 1.2 mH inductoris v = 4-mV-cos(300-t) find i .

6. The current through a 0.08 mH inductoris i = 20-mA-cos<628-t Z) find v, .

7. Refer to the circuit shown. Assume that V. is a sinusoidal input voltage whose frequency can be adjusted. At some
frequency of V_ this circuit can resonate. At that frequency i (t) =-i (1). (ic(t) is 180 degrees out-of-phase with i (t)).

i
T
w:i, f

_ 1
e ° amic Vs

Show that resonance occurs at this frequency: - = Jr !
l L
C 47

8. Find the resonant frequency, f, in each case.

a) L, =05-mH ) ]
C]_I:O.l-pF C11:0.12-pF _ L11:10-mH
L 2= 0.5-mH
C, =0.12pF Lo =5mH
C, = 0.22F ]
Answers
1. 1.2:mH 0.62-mH 2. a) 0.05mJ b) 1.62mJ 0.081-mJ 0.09mJ 0.18mJ

3. Straight lines between the following points: (0ms,-8mV), (2ms,-8mV), (2ms,0mV), (3ms,0mV), (3ms,16mV),
(5ms,16mV), (5ms,0mV), (6ms,0mV), (9ms,-10.67mV), (9ms,0mV), (10ms,0mV)

4. Straight lines between the following points: (Oms,0A), (0.2ms,1.2A), (0.6ms,-0.4A), curves until it's flat at
(0.76ms, -0.72A), continues to curve up to (Ims, 0A), (1.1ms,0A)

5. i =11.1-mA-cos(300-t - 90-deg) 6. v = 1-mV-cos<628-t+ %-n

7. Assume a sinusoidal voltage, find ic and i; by integration and differentiation, and show that they are
equal and opposite at the resonant frequency.

8. a) 17.79-kHz b) 5305-Hz ECE 2210/00 homework #9



ECE 2210/00 homework # 10

1. An FE style problem

Due: Tue, 10/1/19

A 10-microfarad capacitor has been charged to a potential of 150 volts. A
resistor of 25 Q isthen connected across the capacitor through a switch.

When the switch has been closed for 10 time constants the total energy
dissipated by the resistor is most nearly

. a) The switch is closed at time t = 0 and v(0) = OV, find v(t).

b) What is the value of the voltage across Cat t :=40-us

. In the circuit below, the switch has been in the upper
position for a long time and is switched down at time t = 0.

A.Stolp

(A) 1.0x 107 joules
(B) 1.1x 101 joules
(C) 9.0x 101 joules
(D) 9.0x 103 joules

C =2-uF

4. The switch below has been in the upper position for
a long time and is switched down at time t=0.
At what time is Vo =4 V?

What is the capacitor voltage (V) at  t:=4-ms
= Rlzle RZZSOOQ %1@}—’\/\/—
t=0
t=0 -~
1oV ] |4V C:=32.uF = = —
R, =200-Q
5. a) What is the time constant of this circuit? ;k{t:{J R1:-80Q R 3:=200-Q
Hint: Use a Thevenin equivalent circuit.
— Vgi=6V §R2400-Q S
. . 5 — _—

b) What will be _the final value of v." C - 22.uF
(After the switch has been closed for a long time)

6. In a circuit with two capacitors, the left capacitor (C,) has an initial i(t)
charge and the right capacitor (C,) does not. When the switch is

closed at time t =0, current i(t) flows, discharging C, and charging C,. . t=0 .

a) Derive the differential equation for i(t). Hint: write an equation in | v Voo ——
terms of i and integrals of i, then differentiate the whole equation. Ci—— © c2——c,
Write your DE in this form:  Constant = x(t) + T-g—x(t) - -

t
What is the time constant (1)? " Rn

b) Find i(t) given C q :=24-pF C, =12pF R :=400-Q vep(0) = 18V Veo(0) = 0V

¢) Find v (t) for the same values. Hint: The trick here will be finding the final condition. Realize that charge will
be conserved. If C,; discharges x coulombs, then C, will charge x coulombs. Charges will stop flowing when )
Ve = Veo. It may help to think of two water tanks, one with half the cross-sectional area of the other. V = P

d) Find the initial and final stored energy of the system (W¢; + W) to find the total "loss”. What happened
to that energy? ot I =R 1

Answers 1.B 2.a) 12V - 12V-e 0.16:ms 3. 6.61.V 4. 644ms 5. 23 g:E\B/Y-ms 6.a) 11
b) 2.65V ot ot C, Co
6.b) i(t)= 45mA.e 2™ c) 12V - 12v-e 32™ gy 13mJ

ECE 2210/00 homework # 10

dissipated in resistor

b.2



ECE 2210/00 homework # 11 Due: Fri, 10/4/19 a

1. A 12V car ignition coil has an inductance of 10 mH and resistance of 2 Q (so its equivalent circuit is a 10 mH
inductor in series with a 2 Q resistor). Calculate how long it takes the current to build up to 95% of its
maximum value after a 12 V battery is connected to the caoil.

2. A constant voltage is applied to a series RL circuit by closing a switch. The voltage across L is 30 volts att =0 and
drops to 6 volts at t = .0025 sec. If L =0.2 H, what must be the value of R?

3. In the circuit shown, the switch is closed at t = 0. 4. In the circuit shown, the switch is closed on position 1 at

Find the transient current expression. t =0, and then instantly moved to position 2 after 1
millisecond. Find the time at which the current is zero
and reversing its direction.

R, =40Q t=0

1 — 2 R =400-Q

t=1ms

_|_

— Vi =40V

L =0.1-henry Ving 40V

R3:=10Q BE ]

L :=0.2-henry

+]

note the different battery directions

If you learn to use the complex math feature of your calculator, you may use that to work the following problems.
In that case you may report the answers without showing any work.

5. Convert the following complex numbers to polar form (m/@ or mei®).

a) 1+]j b) 2.6 + 8.7 c) 3+4j d) 3-4 e) -3+ 4j f) -3-4j
6. Convert the following complex numbers to rectangular form (a + bj).

. . j—-red . . .

a) 10d%0%® by 04.d® () 1500.e 2 d) 10.¢ 450 e) 20g10%9 g 3021000
7. Perform the following additions and subtractions of complex numbers.

a) (3+2))+(6+9)) b)(9-10))-(9+10)) ¢) (-2-2))+(-6+9) d) (3+0))-(0+79)

e) (5+ 6j) + 5399 fy ((2+3)) 8el3"d9

8. Perform the following multiplications of complex numbers.
a) (8r1)3  b)(3+2)j o (20d*%)(10dP) o) (6+9)(10d%* ) (2-))(6- 9

9. Perform the following divisions of complex numbers.

20.¢"40deg b) 9- 10j 0 3+ 0j d) 2-2
10.¢°60deg 3. 1:20deg 0+9 -6+9
Answers ot
1. 15ms 2. 129.Q 3. 1.25-A-<1 e 125‘“) 4. 1.312:ms
5. ) 1414450 b) 9.08 & 734-dey 0 5,531 deg d) 5. 1-531deg o) 5.¢-126.9dey H 5. 1-126.9deg
6.a) 5+ 8.66] b) 0391+ 0.083] c) 1500 d)7.071- 7.071] e) 10+ 17.321j f) 25981 15]
7.2)9+11] b)-20j c)-8+7§ d)3-9j e) 8.009 + 9.993 f) -8.389+ 7.815;
8.a)24+3] b) 2+3j c) 2000 ) 1087w gy 2q0.d 8290
9. a) 2.¢ 1200 b) 4.485.¢ 1-280Ldeg

©) 0333¢ % d) 0051+ 0.256 ECE 2210/00 homework # 11



ECE 2210/00 homework # 12 ECE 2210 Due: Tue, 10/15/19
ECE 2200 Due: Fri, 10/4, may be handed in Tue, 10/15 for full credit
Read about complex numbers and phasors in your textbook (sections 2.26 & 2.27, starting on p.159).

1. For the complexnumbers  zq =-4+5j) and z,:=2+4j Determine the following

a) Does ‘zl-z 2‘ equal ‘lezz‘ ?
? 21
b) Does — equal ?
22 22
c) Does ‘21*22‘ equal ‘21‘+‘22‘ R
2. a) Find the phasor for v(t) = 8.4-cos(100-t— 90-deg) Express in both forms, polar and rectangular.
b) The phasor representation of a currentis | :=(5+j-12)-uA Find the time-domain representation, i(t). f:=600-Hz

3. Add or subtract the sinusoidal voltages using phasors. Draw a phasor diagram which shows all 3 phasors,
and give your final answer in time domain form.

a) v4(t) = 15V-cos(wt+ 10-deg) Vo(t) = 3.2:V-cos(wt+ 25-deg) Find vg(t) = v(t)+ V(1)

b) v41(t) = 1.5-V-cos(wt+ 10-deg) Vo(t) = 3.2:V-cos(wt+ 25-deg) Find v 4(t) = vq(t) - vo(t)
you may add V , to the phasor diagram you've already drawn for part a).

c) v4(t) = 50-V-cos(wrt— 60-deg) Vo(t) = 24-V-cos(wt+ 15deg) Find vg(t) = vq(t)+ V(1)

d) v4(t) = 0.9:V-cos(wrt+ 72-deg) Vo(t) = 1.2:V-cos(wt - 20-deg) Find vg(t) = vq(t)+ V(1)

e) v4(t) = 0.9:V-cos(wt+ 72-deg) Vo(t) = 1.2:V-cos(wt - 20-deg) Find v 4(t) = vo(t) - v4(t)

you may add V , to the phasor diagram you've already drawn for part d).
4. Express the impedance of a 5.2mH inductor at 60 Hz in polar form.

5. a) A capacitor impedance has a magnitude of 240Q at a frequency of 1.8kHz. What is the value of capacitor?
b) What value inductor has the same impedance magnitude at the same frequency?
¢) Find the reactance (magnitude of the impedance with + or - sign) of this capacitor and this inductor at 3.6kHz?

d) What would be the total impedance of this inductance and this capacitance connected in series at 2.7kHz?

6. Find Zeq in each case.

a) b) ] )
R =330-Q Viw)y R
. R =330-Q 10-v-¢°
V(jw) V(i)
10v-¢° /\/ . % f:=4-kHz
10.V-¢° C =0.22.uF
f=1kHz L:=100-mH  f:=2-kHz — @
L
d) —
V(Joo) L = 160-mH C = 0.03-UF .
g.v-e° R = 4-kQ —
f = 1.5-kHz

7. Find the current 1(jw) in each case above. ECE 2210/00 homework #12 p.1



8. a) Find Z. Hint: Find the total impedance (R+Z) first.

b) Which leads, current or voltage?
w:=377

v(t) =14V -cos(wt+ 16-deg)
¢) By how much?
I.LE. what is the phase angle between the voltage and current?

9. a) Aresistor and a capacitor are connected in series to create an impedance of

atafrequency f:=3-kHz Find RandC.

b) A resistor and a capacitor are connected in parallel to create an impedance of

atafrequency f:=3-kHz Find RandC.

i(t) =30-mA-cos(w-t+ 36-deg)
—

R '=180-Q

Vs

Z =50.Q.¢1%%99 — 500 /660

Z =50.Q.¢1%%99 — 500 /660

Hint: invertZeq, Instead of solving this: 50 /-66deg = 1 solve this: 1 =0.02/66deg = E+j-oo-C
1jec eq R
. . R Irm
10. The phasor diagram at right shows the voltage and current in the
circuit below 4014
Yolts | Amps

Assume the load consists of a resistor
in series with a reactive component and
the frequency is 60 Hz.

|l oad

O

]

V 4=(60+)-28)-V

Real
g Amps

a) What is the magnitude of the impedance?
b) What is the value of the resistor?

¢) What is the reactive component (type and value)?

11. For the circuit shown, draw a phasor diagram
showing V¢, |, Vg, and V. Draw the voltages to
scale so that you can show that they obey KVL.

V=12V %0

Answers

1. a) 28.636 = 28.636 Yes
c) 9.22 not=10.875 No

. a)84/-90° = 84.¢/0%®I= gy
ca) v(t)+vo()
b) v q(t)-Vvo(t)
d) V() +vy(t)
. 1.96 Q /90°

b) 1.432 1432 Yes

b) 13-pA-cos(3770-t + 67.4-deg)
4.67-cos(w-t+ 20.2-deg)-V
1.794-cos(wt— 142.5-deg)-V
1.48-cos(w-t+ 17.6-deg)-V

5. a) 0.368-uF b) 21.2-mH

c) -120Q

c) R+

. a)
b)

(330+ 6283 )-Q
(330 3617 )-Q = 489.6Q /-47.63°

709.7Q /62.29°
(D.

10V

f:=500-Hz @VS

wlb- —

1.
p
C

60 wolts

| =3.4.A.g) 3009

+

+

c) Vvq(t)+vo(t) = 60.8-cos(wrt- 37.6-deg)-V
e) Vo(t)-vq(t) = 1.525-cos(wt- 56.15-deg)-V
480-Q

d) 200j-Q

d) 1.82kQ /-15.20

(L)L*i

.a) (66-125j )mA =14.1mA [-62.29

c)

wC

b)
d)

a)

(13.8+ 15.1j )-mA = 20.4mA /47.63°
4.4mA [15.20
8.a) 259- 160:j

J

b) The current leads the voltage  c) 20°
9.a) 2034-Q 116-puF b) 123-Q 0.969-uF
10. a) 19.5:Q b) 11.2-:Q ¢) inductor  42.3-mH
ECE 2210/00 homework # 12 p.2

R2+ <w|_ i

angle: -atan

2
Volts VR =8335 +5527 -V
5

+.2 Amps N
_____ LS
N
I=0208 +0.138] -& '
0.2 0.4y

e

voo12

R
wC

Real
AMpSs
0.6
t
15
Valts
v

-~
-
-
-

11.

¢ =3.665- 5507 W



ECE 2210/ 00 homework # 13 ECE 2210 Due: Fri, 10/18/19 b.2
ECE 2200 Due: Fri, 10/4, may be handed in Fri, 10/18 for full credit
The 2nd exam will include this material

Warning: This homework is longer than normal -- DO NOT put it off until the last minute.

1. For the circuit shown, find the following: R -120.Q
a) At what frequency would the magnitude of the total impedance be 240Q7?
. . . L:=3-mH 3
b) At this frequency, what is the phase angle of the impedance?
c¢) At this frequency, you want to add a capacitor in series to make the circuit appear purely o
resistive (the impedance has no imaginary component). Find the value of the capacitor.
R :=500-Q

2. You need to design a circuit in which the current (i(t))
leads the voltage (v<(t)) by 36° of phase. vg(t) = 160-cos(450-t)-V

i(t)
. f\/ 2
a) What should go in the box: R, L, C? :

b) Find its value.

3. The phasor diagram at right shows the source voltage
and two branch currents of a parallel circuit. Find the
inpedance of each of the two branches.
—L=
21 Z2
Vs
4. a) Find all the currents, I, I,, and I . | =

V g i=24V.d %0
QY-

b) Draw a phasor diagram showing 14, I, and It to
scale so that you can show that they obey KCL.

o j-45-deg
1 Z,|Z,=250Q¢

Z 1 =100-Q.¢"1%%9

5. a) Find the AC current source, |, in polar form. Z q=(120- 90)-Q
| O
b) Find V. /}
¢) Choose one: i |
i) The source current leads the source voltage. Vot —

i) The source current lags the source voltage.
Zy Z,=75/30°Q

ECE 2210 homework # 13 p.1 Z ., 750300




ECE 2210 homework # 13 p.2

—[:-:-;.
6. a) Find Z,. 1 =(54- 8j)-mA
1 I,=45/20°mA
b) To make Z, in the simplest way, what part(s) Vin 21 ZZ Z,=100/-30°Q
would you need? Just determine the needed
part(s) from the list below and state why you
made that choice, don't find the values.
resistor capacitor inductor power supply current source
Thevenin resistor Ideal transformer voltmeter ammeter scope
c) Chooseone: i) I, leads the source voltage (V) ii) 1, lags the source voltage (V;,)
d) Chooseone: i) I,leadsl, i) I, lagsl,
. ‘: . .oJ-105-deg
7. Find Z. | 7 =423 mA-¢ 200-Q
— =
V . 1=100-V ¢ 9009 .
s - 200-i-
7 1.kO 1 200:)-Q
8. a) Find the total impedance of the circuit. R T [
b) Find | 120 e
) Find I+. 10V /00
I 24:j-Q
-20§-Q
9. Find Zeq in simple polar form. L - 8mmH
f :=8000-Hz R :=500-Q
C:=0.02-puF
Answers
1. a) 11-kHz b) 600 c) 0.0694-uF
2.a)C b) 6.12-uF Im
3.Z1=(192-333j )-Q Z 5= (46.0+196] )-Q T '"_”A_ _ e
1 T
4. a) (0.197+ 0.138:) )-A+ 0.096-A =0.293 +0.138] °A b) 2
|
5.a) 60/36.87°mA  b) 11.54/21°V c) i) [
[
6. a) 172/53.4°Q b) phase angle > 0, resistor and inductor ] | | Real
- i p—
©) ) d) i I 5 1>(o 200 300
7. 657 Q/67.4° 8. a) 21.86Q /-20.38° b) 0.457A /20.380 mA

9. 3820 /-40.2° ECE 2210 homework # 13 p.2



