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Problem 1: Logic Gates and Timing Diagrams [25 points]
Consider the following digital logic circuit:

A B .
d)Asmniemhlogicgatchmauni‘tmdelayr-wOps.
Draw the timing diagrams for t=0 to t=700 ps, for the given logic input values A‘and B. [10 pts]
logic value of A
a) Fill out the truth table for the logic function G. [8 pts] 13
A B G 0 ' ' ’ ' ' . > t (ps)
0 100 200 300 400 500 600 700
L L B logic value of B ;
o | 1| g 13 o
l o a o L} L} T L} L] L) _;t@]
1 1 1 S0 100 200 300 400 500 600 700
logic value of C = A :
b) Write a simple logical expression for the function G. [5 pts] lT
0 - + ¢ 3 1 4 > t(ps)
0 100 200. 300 400 500 600 700
logic value of D= § - '
11‘- i : :
Trwth tobles: 04 — » : ' + + —> t(ps)
0 100 - 200 300 400 500 600 700 T
 cplg |lomeviueoE=&® : -.
Lo ~
. ; i‘ 000 ] !
iy & 11 X
- - . { ri B + 0 1l : T T T T > ‘(l')
|g-_AB + A8 f 111, 0 w0 a0 a0 a0 s0 e 0
- - — A8 (F logic value of F= 8
|
¢) How many unit gate delays are there between the inputs (A and B) and the output (G)? [2 pts] -8 1 T i
(In other words, how many unit gate delays must you wait, after changing A and/or B, before tolt o+ $ t + + + o > t(ps)
you can trust the value of G to be valid?) 1l lo 0 100 200 300 400 500 600 700
. “m ]
The longest path between the 1npuid €EF |6 ll?."c oy
Variables and Hhe md'fnl varable - 3 3 ? : ‘oo
- ) i ! 0 T T >
is 3 logic gates. Therefore, we need it e dshys re ':? O 100 200 300 400 S0 60 700

4o wait for a fcn'uf of 3 unit M 4’3}43; after an f'af-rl" VAn'quf.‘
is changed, before we can  Page2 drust the value of G o be valid. o3
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Eroblem 2: Resistive Circuits [30 points]
a) Find the equivalent resistance R, for the following circuit. [6 pts]

AN resisfors in steies = 188 resishr
100 resistors in pavallel > 50 resishor

oa sh

oa sn
a A AN q
4a ; a 93 !k 1t —> 4o G
b B b : \
i 918

4.9 resistor in pacallel with 1800 vesisior = ;‘;‘5 = 61 resister

.5-!,6#, 1
I resistors in

108 1o series 120
a q resistor
38 -~ 40 ; zn ( 42
b bi%: 4‘1‘&'3)

: . 40 resistor in panalle] with 120 resister 2 30
b) Suppose you need a 6 ke resistor for your Tutebot project, but your TA gives you only a sup- resisior

ply of 10 kA resistors. Being a clever Cal student, how would you connect several 10 k< resis-

tors together, to achieve a 6 kQ resistance? [7 pts] :

*+ To achieve an equvaleat resistance
lewer than he individued vesistors, we
should commect resistors in parailel.

o Bt the Ptn”d cwombinahon of 2 ¢
10 kI vesistors is Sk = Too iu_af

a
|
|
|
1
|
|
1
|

4

‘ i

T N

=) need o Inerease Ihe resisfance ' : % r
of one of Ine rcrdlﬂ branches 1 [ ‘ !

- Try pacallel combination of a 1ok B 210k Zo :
resistor and oo 0k resistors in D R —— i

ek Lo 220 oqkn doo high Ty incressing dhe resisfunce oF
10k o one persife] branch ehly Sk
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EECS40 Midterm Exam #1 Spring 2000
Problem 2 (continued)
¢) Consider the following circuit:
a ]
— R;-lkﬂ
R;-2m
-
¥  R=E Ry3=2kQ
1 mA 6v(* b c
- R, = _IsP
— d
—-ad
i) Find V5. [3 pts]

I=0 since ferminad ¢ is net connested Vea™_.
We current flowing through R, equals the i g’ Ra
It::m'}“-ﬁomns -43'19.,35 R, , :! ¢. We hove a voltege divider. => V“ ﬂ,-fg_(ﬁ)

- 2
Since there is no volege drop acress Ry (beeuse T3=0), VeV, =72 (@
= Veol = Vpal = 2V ) = 4y
ii) Find the power developed/absorbed by the current source, P;. [3 pts]
The voHage acress The carrent source is established Py= & __mw
by the voHage Seurce and is equad o 6V, developed,
po=TV= 0-3)(6\/) =6 mW
Since positive curcest is enmttring The posihve -h,?_:'nq[ of Phe currai soure,
s

orbi wer
) Indicate in the tsble below (by checking the spprogeiste baes) how various Chout pasameters
would change if the terminals ¢ and d were to be shorted together. Justify your answers. [6 pts]

circle correct choice) |

Value will: :
Parameter 7 - Brief Explanation/Justification
|increase | decrease | change . .
“he resistance between b ansl d deceeases;
Vod \/ by the veHwgc-slivider £ormade Va decreases
v Totad vesishance between o and o N
I - decreases; Vag vemanms 6V 1,2
Power developed |- \/ Since I, increases, the current supphed
by voltage source | ' by the voltege source increases.

iv) What is the value of I; when the terminals ¢ and d are shorted together? [$ pts]
Equ'vdln-f resistance behueon Frminals o and & is
R+ baffRy = 1+ 25 = 2k
G)I;= ...6—!- - gmh

z _
Using currtni-dividec forma, ™% T3= 333 (3mh) = 1.5 mA

f’- /15 m A .:
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Problem 3: Nodal Analysis [20 points]

a) In the circuit below, the independent source values and resistances are known.
Use the nodal analysis technique to write 3 equations sufficient to solve for ¥, V3, and V.
To receive credit, you must write your answer in the box below. [10 pts]

DO NOT SOLVE THE EQUATIONS!
Iec
o\
)
R,
a b
W 1
Ipp

oL

-

Reply KicohhefFs Curcent Law o nodes &, b c:
(Swm of cuvrenh enwfering o node =O)

() —x— +Tag ~Tee* ~7, =0

Bf-nd’trtnlcrtf’
o cquahons for
(b) V:_--\_/! +- _V”_-'Vu R Vg""i n ¢ R R
R3 Ry Re . [V., Vb, V)
i Vi -V, =V, =) can solve
(€) Tt =g+ =0 o Fod
uhrknewn 5
Write the nodal equations here:
Vaa-Va ' Vip=Va
if + Tgs - -I_-cs by s oun e

y"\fb i Vs +Vo .I Ve "'vb
Bh imv el

L‘ * V'z_" e. -. 72‘
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Problem 3 (continued)
b) Similarly to part (a), use the nodal analysis technique to write 3 equations sufficient to solve for
V V3, and V. To receive credit, you must write your answer in the box below. [10 pts]
DO NOT SOLVE THE EQUATIONS! -~ ! .

R t('

Curcert Plowing Through Jhe voluge source \gg cannat be wpressed
as ¢ fenchom of The node volteges Vo and W

= use The "supernode’ approach.

cohhott's Curcoit Law do the supermod and node C:

ﬂ'ppf’fng K.
supernode: u + T + “Vee Vo + Tee =0
i ——— ,Q,
. V-V, e
node ¢ "'"—R";'E + T.=0

Need one more eguation in oeder to be _d_{cfp solve for Te 2ankrouns,
vb - vn..z \/83

Write the nodal equations hae
v“ - %' VQ“" Vb it
ﬁ *

R + Jgp —

l’%‘ﬁ;; Taus

Ve-Va = Vi
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Problem 4: Thevenin and Norton Equivalent Circuits [25 points]
1) Find the Thevenin Equivalent Circuit for the following circuit. [10 pts]

———————————————— e
|/ ' B;ﬁfl X 2“'.lr—|—-m\ a / >
|
| ésm :
CEVQ)
- e
_ et
‘n“ "tn,c;r‘;.;. y"h’sl’ Y‘C) 1'5 I’l‘t‘k V‘LJ N'"ul it 2
tquad +o Vyy Since no current is ‘Howfhj theough the 2kl | V= __ &V
resistor.  Applying KCL 4o node % (defning node b i) | R~ % ko
-2 %\'{Z-l'-:-;—vsso =7 6’3Vx=‘° VX=ZV _.’.Vu‘:z\}

“To ‘gnd E-n. 5 sef all e fm&’a.fm':".rnuﬂe: ‘lb Zeco :

3kn  2kh 2kr 2kn
W—p—W— a a a

lka £ su% \ — 31:-&.% %m — Ln-a.
K1 kR vesisior is shorted ok S 36 . S ¥

=2k
b)UuﬁemmmfomaﬁmmeﬂmdmobuinlheNmnquﬁvﬂmChﬁfmﬂwdmﬁtin

part (a). [S pts]
ST
I l-—' a

I”'@ Ruiéll

_n-;-—b
= 06 ma
. Va  2v | Ry=_4 __ka|
Iy = “k‘f::'m:a.Smﬂ
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Eroblem 4 (continued)

¢) The Thevenin Equivalent Circuit for a certain linear circuit is given below. Plot the current (I)
versus the output voltage (V) for the circuit, labelling the y-intercept and x-intercept. [5 pts]

I
4
Thioviin Bovalont Clrouk
! 200Q ", I /
|
I }
:-‘ch ! 4 /,,:"v -, >V
\--‘.f:::?'d;"" |
When I=20, V= -6V 4 ) “‘4‘0
When V=0 (ie.derminds & and b shorted Aogether), T = =350

I=30rnﬂ

d) The circuit in part (c) is connected to a 1 kQ load resistor (placed between the terminals a and
b). Find the power absorbed in the load resistor, P;;. [S pts]

Pu-' 25— mW

02kl
{ooo

' +
Lo )eosy

Using le.,t-Jiw'i‘r-pcrm wla, V = jo00v200

v v (9
p=xvs= (‘h?')\/ 2R Jee ® 25mW
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