ECE 110 September 21, 2009
Professors Brunet and Loui

HOUR EXAMINATION #1

Write your official (not a nickname):

Last Name (use capital letters): &3} “'( oo | & VerSIonD
First Name (use capital letters): Mmh_emm&)
Netld & UIN:

2) Write your name and section at the back of the test.

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD

Make sure to write your name AGAIN at the top of every page of your
exam.

A. Write or print clearly. Answer each problem on the exam itself. If you
need extra paper, there is an extra sheet at the end of this exam. Clearly
identify the problem number on any additional pages.

B. In order to receive partial or full credit, you must show all your work,
€.g., your solution process, the equation(s) that you use, the values of the
variables used in the equation(s), etc. You must also include the unit of
measurement in each answer.

Students caught cheating on this exam will earn a grade of F for the
entire course. Other penalties may include suspension and/or dismissal
from the university.
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Problem 1 (15 points)

oo 60 b D

5V %1 o+ Li

®, V3 2 1Q
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(a) (2 pts.) Count the number of nodes in the circuit above and label them on the diagram:

Labota a.‘(o,c, 3

(b) (3 pts.) Count the number of unknowns in the circuit above and name them:

5

number of nodes

number of unknowns

]

unknowns A\ ) A2‘) A%) \)‘ ) \)3

(c) (10 pts.) Write as many basic circuit equations as necessary to solve the circuit. No need to
solve!

Ohm’s law Kirchhoff current law Kirchhoff voltage law
(use currents only! no voltages) | (use voltages only! no currents)

'\)\5 Q)ﬁ'\ Mb Lo-cv®
“"5 = ‘l{s }‘\ ':';g_‘\“lis \)\*\,3: 5

Loop®:

Vg = 3




Problem 1 (15 points)

(a) (2 pts.) Count the number of nodes in the circuit above and label them on the diagram:

number of nodes 3

(b) (3 pts.) Count the number of unknowns in the circuit above and name them:

number of unknowns 5

unknowns L\)v‘ ) 'S / \3/\(3

(c) (10 pts.) Write as many bas basic circuit equations as necessary to solve the circuit. No need to

solve! nead S qua&@v\o (5 unknouwmo) —

Kirchhoff current law Kirchhoff voltage law
(use currents only! no voltages) | (use voltages only! no currents)

Jresicto. (o ode & \eﬂ“@_@

= i;:i&ﬂ—i?; -S4V 4va=2
Ay :

Ohm’s law

va ﬁg\\& \ODTP ‘.

Nz 42 = ©




Problem 2 (20 points)
For each statement, check the one best answer.

(a) The I-V characteristic of a circuit that contains only ideal current and voltage sources and resistors is

always linear O sometimes linear O never linear O asine wave
(b) The magnitude of the current through an ideal voltmeter is
O infinite O very large O very small G/ Zero
(c) When the ground is changed from one node to another node in the same circuit
U every current increases or decrease 0O the node with the lowest voltage changes
every current remains the same as before O the node with the highest voltage changes

(d) When computed in the standard reference system, the power for a resistor is
O strictly negative O negative or zero positive or zerg, O strictly positive
Wlex curraent iy yero
(e) When computed in the same reference system, the sum of the powers of all circuit elements is
O always positive v always zero O always negative O none of these

Problem 3 (10 points)

We model a real ammeter by an ideal ammeter in series with a 0.7 Q resistor. We wish to use the real
ammeter for current values as large as 30 amps by attaching a resistor R in parallel with the real ammeter,
and scaling the reading. Use the Current Divider Rule to determine the maximum value of R so that the
current through the ammeter remains less than 6 amps, i.e., I, < 6.

—7 s real
// \\\ammeter R= O- \715 QU
0.7Q
30 A R a | Since the VolX Zf ob‘vf Vo,
v ideal I ; O.C 532 -dis-
ammeteel 7 )y tha. Tckso wmﬂzf

|y ‘
X/ & »mv *""MK

' 0 \ @a’v&w N
( . A A _ 07+R
h : ,’( Regy JTE 0T ~ oM R
. R R _ 20R_ £ § iplon
cDPR. Tm=20*739 = o01+R
) R&LO RLod1S L
20R< 6(01+R) ) GRLOTR, 4

O’IR
-0 1+R




Buund™

Problem 2 (20 points)
For each statement, check the one best answer.

(a) The I-V characteristic of a circuit that contains only ideal current and voltage sources and resistors is

ﬂ always linear O sometimes linear O never linear O asine wave
(b) The magnitude of the current through an ideal voltmeter is
O infinite O very large O very small % Zero
(c) When the ground is changed from one node to another node in the same circuit
O every current increases or decrease O the node with the lowest voltage changes
ﬂ every current remains the same as before 0 the node with the highest voltage changes

(d) When computed in the standard reference system, the power for a resistor is
O strictly negative O negative or zero /Kﬂ positive or zero O strictly positive

(¢) When computed in the same reference system, the sum of the powers of all circuit elements is
O always positive % always zero O always negative 00 none of these

Problem 3 (10 points)

We model a real ammeter by an ideal ammeter in series with a 0.7 Q resistor. We wish to use the real
ammeter for current values as large as 30 amps by attaching a resistor R in parallel with the real ammeter,
and scaling the reading. Use the Current Divider Rule to determine the maximum value of R so that the
current through the ammeter remains less than 6 amps, i.e., [, <6.

— o real
/ \\\ammeter R=| Q. 1S s
/00
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Problem 4 (18 points)

In this circuit, I; =8 A and ¥, =9 V, but V; is an unknown constant.

I R, ,
_—>

G- AVAVAY '
A + V] - ¢I2

+ I]=8A
o (®) n > g W 4A
4 + V,=9V

(a) (3 pis.) Use KCL at node b to determine the value of the current L.

%KCL okb T,-T +4=8xd

12 A
=\2A h=
(b) (3 pts.) Use Ohm’s Law to determine the value of the resistance R,.
O Lo, Rp= 2o
27— = - "'(S‘JL
2‘23 ’ T, 29", 1 0TS

(¢) (4 pts.) Does the 4 A current source generate or dissipate electrical energy? Explain your
reasoning.

5""“—\)4: "\ji" "(W)‘u“ SRS y&wafwi”mw«m
ABUr e (s —9N x A =-36W <0. 5%«7_"%&

SRS A V\ng’cﬂ&u% o cureedd dowres Zﬁﬂﬁ"g—‘ﬁ
2N cHvical 20y |
(d) (8 pts) Prove that Vs > 1, with formulas and words. (Hint: Start with a KVL equation.)

By KN Loop®, v =Ng -V, By Ohnis Lou w
s V=T, R =R, 70 becomsn o resilance,
. i Ther. Z \JS"\‘Q.:\J\>O)

W G.QJJBOV‘& FM’(Z\\IZ . S

honce Ne> V.
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Problem 4 (18 points)

In this circuit, /; =8 A and V, =9 V, but V; is an unknown constant.

I R
T ANA—
+ V) - ¢ L
v + T 1= 8A
s 4A
SR V=9V
c |
(a) 3 pts.) Use KCL at node b to determine the value of the current J,.
T+ 4 =T = T1:.%¢
enter \eaue I =
(b) (3 pts.) Use Ohm’s Law to determine the value of the resistance R,.
Qa2 _ 3
Ia \A RZ _ Oo‘q’s \D_.

(¢) (4 pts.) Does the 4 A current source generate or dissipate electrical energy? Explain your
reasoning.

N | _ Pege - Afax‘{- :~Q>«L}v

Vo (Phar = - (DA JﬁgnQ&a’G‘&

= ¥ N Yeo ones
= ggr_\%eo gg—

hot in SRs! on SRS »

(d) (8 pts) Prove that V5 > V5, with formulas and words. (Hint: Start with a KVL equation.)

Vs +\Vi -V =o CKVL loft knf) |
- Ve =V, 14\/& SNovo than Sw:a,% VS>V&.

V= RT Livo (T=2R)l_ vy, >o!
-Q\ 7o (TQ&\S
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Problem 5 (15 points)

Show work for all parts.

hint: parts a and b are independent
(i.e. can be done in any order)

I

+ lIO 5Q + The units are amps and volts.

(a) (9 pts.) Prove that I = —%V +§ (use any method of your choice). Partial credit will be

given for correct partial work.

%\3 KCL ok nads o Q:io—\—I;
s Law, V| =ST and Yo=3To

% WAL o Loop @y, =N, +V.

= & 3T, = 3(2-D=6-3T
o B3Ty=Np=VrV=5TrV and 55

(b) (6 pts.) Find the numerical value of 7, .

LN O Mhorodad FHE 96, (0,

W)
50 ~ f;f\:—/\é,("G))""é‘

éAdD 330 < 6

-|2-15 A
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Problem 5 (15 points)
Show work for all parts.
hint: parts a and b are independent
+V;- I (i.e. can be done in any ord
—_ €. y order)
M
+ lIO 5Q + The units are amps and volts.
2A Vo2 3Q \Y%

(a) (9 pts.) Prove that ] = ——%V +§ (use any method of your choice). Partial credit will be

given for correct partial work. _

Ohw Yo .30 Vi.5m @:s:r:.s.n@ by @ 'ﬂg,\/@ ag_,v
To T

V(C‘L &: Toa—t@ .:._> 51 = 6 -%I Y/

k\/L \o-‘—Vl-\—\I:o@ @81: 6-\/ /

(b) (6 pts.) Find the numerical value of 1. , i
this aicasd ndude o left Hhe
L 16V Qrawb Quen

5Q + _
Cl| v ibh’w V= LoVl
2A p 230 - l___ = )
:) I\:~—,—‘- (-‘6)‘\'_6_: &A
& 8 R

.| 22)8 A=a3sA
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Problem 6 (22 points)

A voltage source produces the pulse train vi,() whose period is 0.8 second (sec) shown below.
The voltage source is connected to a strand of 50 Christmas tree lights. The light bulbs are
modeled by identical parallel resistances R; =R, = ... = Rsy = 7. The equivalent resistance Req of
the light bulbs is 380 Q. For safety, there is a thermal fuse, which is modeled by a resistance Ry.

]0 Ro prae Sl
— L - ~o .
/// N
+ VO - / \\\
/ 3
fuse T : Y Christmas

+ / | tree lights
Vin _ Vl '\ R] R2 eeoe RSO ,'
‘ ! Reqg=3800

~
~
-
~o —
~ -

(a) (8 pts.) Determine the frequency of i, and its root-m‘ean—square value vims. Show your work.

A v, (volts) 6'26 °6’ z—Li—_od - ,O.L‘% ._.l .";v.(
120 ———— F r‘ l * 25 HZ(

frequency of v, =
0 0.5 08 13 1.6 (sec)

Voo = P V
Ng(“ﬁ\: 5.5 = qboo

N
2 X
20
| W/;/\ X— Vrws = \[ 000 = §4.9V

=
os 0.8

(b) (5 pts.) Determine the value of each light bulb resistance r. Show vour work.
-—L“ :—-L— _\_"L— IO +’L = E-O— &n&mg&éd& are IMCOQ_
]Zﬁ) R\ Ry Rgb Y
Thoss r=§oR,a=S?>x380 =190000 ,_| 19 kn

(0) (9 pts.) If alight bulb is replaced by a short (ideal wire), the fuse melts and breaks the circuit.
When vi, = 120 V, determine the value of Ry so that the fuse melts when it absorbs 250 joules of
electrical energy within 0.1 sec. (Hint: first determine V5.) Show your reasoning.

The thorbmelss | =0, 4064 KVL, N =N -V, = Vw.}lﬂ-
powes ot w (T, = Vo Vi _ (20™ 250
6"“1 X Re ™ o Reo = 0 e

(ﬂ( - \ZOxO.\— C 6
%= =St - | 5762
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A voltage source produces the pulse train vi,(f) whose period is 0.8 second (sec) shown below.
The voltage source is connected to a strand of 50 Christmas tree lights. The light bulbs are
modeled by identical parallel resistances R; = R, = ... = Rso = r. The equivalent resistance Req of
the light bulbs is 380 Q. For safety, there is a thermal fuse, wh1ch is modeled by a resistance Ry.

Problem 6 (22 points)

IO 'Ro P N
— AA A //’ \\\
e AN
Y
+ Vo - /// N

/ \ -
. . Christmas

fuse t o
+ / ' tree lights
Vin <J>L _ v, | § R, § Ry eee Rso 1
‘ /R =3800Q

(a) (8 pts.) Determine the frequency of vy, and its root-mean-square value v;y,s. Show your work.

A v (volts) . I T~ <=
T ipaded) [T=T% g

frequency of v, =

r 2 qlk.g:"\rou:

0 05 038 1.3 1.6 1(sec) Vims =

X O,
NROYX0.S — Qo
08

~=)\f“ﬂ'\& = %

(b) (5 pts.) Determine the value of each light bulb resistance ». Show vour work.
r ol equds ,and dn ‘P@(g)\l@k,

%Q“i: ¥ _.380 = r= 3¥0x30

\Qk

V=

(c) (9 pts.) If alight bulb is replaced by a short (ideal wire), the fuse melts and breaks the circuit.
When vi; = 120 V, determine the value of Ry so that the fuse melts when it absorbs 250 joules of

electncal energy within O 1 sec (Hlnt first determine ¥,.) Show your reasoning.
b\»no = Vizo ;3¢ Vo=Vin =1aow\l

\ obsavbe& fuwe is P: - a30 ) = 1_3P_ 30
)\Jr\QQowtx «,% =

S.F6 52

=) Ro= LA x0.\ [ASO




