ECE 214 — Exam #1

Estimated time for completion: < 1.25 hour
28 February 2018

Rules of the Exam

Rule 1: The examination period begins at 9:30am on Tuesday 28 February 2017 and ends at
10:45am on Tuesday 28 February 2017.

Rule 2: The exam is 15% of your grade.

Rule 3: There are a total of 15 answers. Each answer is worth 1 point. Circle the most correct
answer. .

Rule 4: The exam is closed book and closed notes. You may use your ECE 214 Laboratory
Notebook, a ruler, and a calculator.
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Problem 1: 1st Order Low Pass Filter

Consider the first order low pass filter shown below. The filier has a cutoll frequency of 60 kHz.
cl g : P0$$ Baw’ ) ann\l 0\4\\04)

. 1st Order A—— o = -39d8
Vin Low Pass Filter Vour -2 L\ decade

i Cutoff frequency = 60 kHz ___L 2 ,l \5 \\
1 6ok los (4 )

1. Viy is a sinusoidal waveform wilh a [requency of 10 kHz. What is the relative amplitude of
the 3rd harnonic to the fundamental frequency at the output of the flter?

((a;OdB Simvsondal s]sna.l; dv wot have any
b) -3 dB

(c) -6.5 dB
(d) -9.5 dB
(¢) -12.4 dB
(f) -16.1 dB
(g) -19.1 dB

Yy
(h) none of the above ,

Nacmvn ¢S

2. VIN is a square wave with a 50% duty cycle and a frequency of 10 kHz. What is the relative
amplitude of the 3rd harmonic to the fundamental frequency at the output of the filter?

(a) 0dB Both fundoawments) (10kH2Y and 2cd harmont €

(b) -3.0dB are 1m Hue Parﬁbav\u{ o4 the Fildec.

c) -6.5 dB /

((d; ‘9_-_5_(131\ Foc o Sqvate Wave, 2cd hacmonic 10 7 aw o) 14vde
(¢) -12.4 dB 04 Ahe Fondamete]

(f) -16.1 dB

(g) -19.1 dB avloﬁ(’;{)z -7544dB

(h) none of the above

3. Vv is a square wave with a 50% duty cycle and a frequency of 20 kHz. What is the relative
amplitude of the 3rd harmonic to the fundamental [requency at the output of the filter?

(a) 0dB Fon d orpment e ) (pokP2) 1s 1 e {JastGu\//
(b) -3.0 dB
(c) -6.5 dB 2 hocamonic 1S at Hhe cvto 44 ‘Ff‘ae]\/\?ﬂCy
(d) 9.5dB 4 bod by “343%
(o) -124dB and ottenvated b7
(f) -16.1 dB .
(g) -19.1 dB V%:J-}"r‘:’t‘?:v‘f_ - =CY -3 -l254dK
(h) none of the above £l ambntn) B
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4. Viy is a square wave with a 50% duty cycle and a frequency of 60 kHz. What is the relative
amplitude of the 3rd harmonic to the fundamental frequency at the output of the filter?

(a:) OdB FVhJMW'\?V\’;.o“ 39 044‘?\'\\/@“&/ r'-gd e
b) -3.0 dB
((C; -6.5 dB g\_((/‘ \'\M(m\')'\l < /S arHe\m/o\'fPJ L7 —aodg/decc..le
(d)} _?;4de Z—) - Z(g) o ¢ AeCaJe = 0.4Y33 ot &«
(e /‘
-M.:M-HM () 161dB“W 0 decede
}"__i'gldB -2 0 = Reed harmon] €
(& ek <0 4F e i o S LY Y

(h) none of the above

5. Vin is a square wave with a 50% duty cycle and a frequency of 80 kHz. What is the relative
amplitude of the 3rd harmonic to the fundamental frequency at the output of the filter?

(a) 0 dB

(b) -3.0 dB 2N Avndoamenta! and 2ed harmonic
(c) -6.5 dB bn —2odg/decetle Slvee

(d) -9.5 dB

(e) -12.4 dB _q.¢Y - G54 =-—191d 2

(f) -16.1 dB T
C(g) -19.1 dBY T T |

(h) none of the above
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Problem 2: Consider the OpAmp circuit below. The OpAmp is idcal.

_V '
2V o540 = 75k A2

—( :)——\NV‘ E] VWA
—_— =

+
.| A \
~ ool Lev) aska 2y,
v N \ = =
75kQ %2 |
A 4 _:-deal >
Y,

1. Whlch of the followmg besL describes this amplifier circnil? A 1> A2
4 a) inverting amplifier w w1t11 a dc__[;:_[_L_aLL— kel @ Ma Vo i
(b) non-inverting amplifier with a dc offset [ -2~ ( ) K
(c) inverting integrator with a dc ofset T ’ 00
(d) non-inverting integrator with a dc offset
(e) Schmitt trigger gV - \i\_p _ VouT
(£) None of the above b “
|
2. When Viy = 0 V what is the value of Voyt? g - LV\_") /
—_ [ |
(2) -0V Vour = l |
(b) -6 V . | /‘ A ¥
(c) -2V /
f . o 4 . (
dov lvn/er“’!hj awmp e
(e) +2V_
(f) +6 V> D¢ 044 se-f

(g) None of the above

v
Vin 2 U =2 \/Of’g\/ \

Howeve?, Sotvead 10n VO \4'&3 e

1S 6V
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3. When Viy = 8 V what is the value of Vgoyr?

(a) 9V Voo 2 %_,S:x > =2V

(b) 6V ovie ~
CELD

dov

(e) +2V

(f) +6V

(g) None of the above

4. When Viy = 8 V what is the value of Vx?

(@) -0V Since Np= Vour L, 20
b) 6V
((c§-2V and Mx=0
@ ov)
(e) +2V
(f) +6 V
(g) None of the above

5. If the ideal OpAmp in this circuit is replaced with a TL082 OpAmp, what would you expect
for the maximum obtainable output voltage?

C) 5V Rropm Lalk B Y Phodt 1V Tower +hon
((b; oV Vo\“-a‘rje
c) +8V
(d) +9V
(e) +11V

+we Sveely
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Problem 3: Consider the oscilloscope trace shown below. Signal V4 is the input to an amplifier

and Vg is the output [rom an a.mpliﬁer.’b,{- vn Lewd:s VB (\/& Lp,gg Va )
3 g -vs ms
L L} |I L] L} L] L] L
\ VA] . V / & v
- ‘ B A N
[ | /\ \4 \ J \ -
. \‘ /Y
Vo ..2CYvY
2 X\ et
S| 3 |
— = Vo, =9V
| \/
BO ms/div /}_]JL—. 2.8 wrswas
—T —|
=N 28 wmS
The two sinusoidal signals can be represented by:
Va(t) = Acos(wt + ¢1)V
and
Vg(t) = Beos(wl + ¢2)V
1. What is the gain of the amplifier? 6 v
Q) 14D 6.4V
(b) 2.8
(c) 4.2
(d) 5.6
(e) Nonc of the above
2. What is w?
(8) 2k rad/s w=2iif= A0 = socad /S
(b) 4k rad/s T
(¢) 8k rad/s
(d) 25k rad/s
(e) 50k rad/s
\ H(I' ) none of the abi)_‘.,.e.} \\
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3. Which of the following statements best describes the phase shift between V4 and Vg?

(a) V. lags Vi by 60° V Leads Vg [Yoms 0= 118°
(b) V4 leads Vg by 60° 5. = ot x24v . a5 S
(¢) V4 lags Vi3 by 120° Ps )

)lfmi

] MSmS qgr = 1307
((d) Va leads Vg by 12020 &

(e) V4 lags Vg on the positive cycle and V4 leads Vg on the negative cycle

4, What is B?

v
\/&? \/_,LQ,G_Z = 3"7\15‘\/

(a) 23V 2

(b) 3.2V
LRI
(d) 64V
(e) 9.0V

5. If the voltage B is measured on a DVM set to mcasure an AC voltage, what value would it

read? L
(a) 23V mensvesS ms Vo\‘f‘o«fe
C(b) 382V D

(c)45V \/ LfT 22V

(d) 64V Brms Jz
(e) 90V

1J
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